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ABSTRACT

Background and aim: Frailty is an important age related medical condition that
predicts numerous adverse health outcomes. Many low-and middle-income
countries (LMICs) are ageing rapidly but we know little about the epidemiology of
frailty in these countries. This thesis describes the epidemiology of frailty and its
association with disability and quality of life among rural community-dwelling

older adults in Kegalle district of Sri Lanka.

Methods: Part A) A systematic review and meta-analysis on prevalence of frailty
and pre-frailty among community-dwelling older adults in LMICs. Part B) A
population-based cross-sectional study conducted in 2016 to i) estimate the
prevalence of frailty, ii) describe factors associated with frailty, and iii) evaluate
the association of frailty with disability and quality of life among rural community-
dwelling older adults in Kegalle district. A three stage probability sampling was
used to recruit 746 older adults aged =60 years. Frailty was assessed using the

Fried phenotype.

Results: Part A) Limited evidence was found on the prevalence of frailty in low-
income and lower middle-income countries. The random-effects pooled
prevalence of frailty and pre-frailty in community-dwelling older adults in LMICs
was 17.4% (95% Cl: 14.4%, 20.7%) and 49.3% (95% Cl: 46.4%, 52.2%) respectively.
Part B) The prevalence of frailty and pre-frailty among rural community-dwelling
older adults aged 260 years in Kegalle district of Sri Lanka was estimated as 15.2%

(95% CI: 12.3%, 18.6%) and 48.5% (95% Cl: 43.8%, 53.2%) respectively. The



prevalence of limitations in instrumental activities of daily living (=1 IADL)
assessed with Lawton IADL scale was high (84.4%) in frail older adults. The
prevalence of basic activities of daily living (21 BADL) assessed with Barthel index
was 38.7% in frail older adults. Being frail lowered the odds of having no IADL
limitations and was associated with a four times higher count of IADL limitations
compared with non-frail counterparts. Frailty was associated with a small but

significant lower quality of life in this rural Sri Lankan population.

Conclusions: The prevalence of frailty appears higher in rural community-dwelling
older adults in Sri Lanka compared with upper middle-income and high-income
countries with a significant impact on IADL limitations but with lower than

anticipated impact on BADL limitations and quality of life.



IMPACT STATEMENT

Frailty is a clinically recognisable state that may explain the heterogeneity of
health status among older adults with the same chronological age. Frail older
adults are at a higher risk of developing adverse health outcomes and are high
users of health and social care services. Though the majority of the world’s older
population is currently living and continues to grow in low-and middle-income
countries (LMICs), research is scarce on frailty in these settings. My PhD aimed to
broaden the understanding of the scale of the problem (frailty) in LMICs with

special emphasis on Sri Lanka.

| conducted the first comprehensive systematic review and meta-analysis
synthesising research on prevalence of frailty in LMICs. | found limited evidence
on frailty from LMICs. The burden of frailty appears higher in upper middle-
income countries compared with high-income countries. | published this in BMJ
Open in 2018 and it has 25 citations already. | have presented this work in two
conferences: 48™ Asia Pacific Academic Consortium for Public Health (APACPH)
Conference, Tokyo, Japan (2016) and International Federation on Ageing (IFA) 14t
Global Conference, Toronto, Canada (2018). | received young oral presentation

award for this work at 48" APACPH conference.

| conducted the first population-based cross-sectional study (community survey)
to estimate the prevalence of frailty and explore the sociodemographic, health-
related, and lifestyle factors associated with frailty in a large representative

sample of rural community-dwelling older adults in Kegalle district of Sri Lanka.
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The prevalence of frailty was higher among rural Sri Lankan older adults compared
with upper middle-income and high-income countries. Nearly half of the older
adults aged >80 years were frail in my sample. By 2041, one out of every four will
be an older adult in Sri Lanka. These findings highlight the anticipated higher
burden of frailty associated with this rapid demographic shift in Sri Lanka. | have
recently published my prevalence study in BMJ Open (2019) and presented these
findings at 50" Asia Pacific Academic Consortium for Public Health Conference,

Malaysia, 2018.

No previous studies have investigated the association between frailty and
disability and frailty and quality of life in the South-East Asia region. My findings
indicate a substantial impact of frailty on day-to-day activities required to live
independently in the community: e.g. cooking, shopping, etc., however, the
impact on personal self-care activities was small. Frailty was associated with small
but significant reduction of quality of life among rural Sri Lankan older adults. The
mostly affected domains were related to physical health. | published these
findings in Quality of Life Research (2019) and presented at International Alliance
of Research Universities (IARU) Ageing, Longevity and Health Conference, Duke-

NUS medical School in Singapore (2018).

| performed additional methodological work to increase the robustness of my
findings. There was no validated instrument in Sri Lanka to assess IADL limitations.
| therefore translated and cross-culturally adapted Lawton IADL scale from English

to Sinhala and tested its reliability and validity alongside the community survey



and published this in PLOS ONE (2018). So far three researchers from University
of Malaysia Sarawak and University of Colombo, Sri Lanka have requested

permission to use the scale in their research studies.
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FREQUENTLY USED ABBREVIATIONS

BADL

B-FIT

BMI

CES-D scale

CFA

CHS

CGA

DNA

EFA

EFS

ELSA

Fl

FI-CGA

FRAIL scale

GDP

GDS

GFlI

GNI

Basic Activities of Daily Living

Brief Frailty Instrument for Tanzania

Body Mass Index

Center for Epidemiologic Studies-Depression scale

Confirmatory Factor Analysis

Cardiovascular Health Study

Comprehensive Geriatric Assessment

deoxyribonucleic acid

Exploratory Factor Analysis

Edmonton Frail Scale

English Longitudinal Study of Ageing

Frailty Index

Frailty Index based on Comprehensive Geriatric

Assessment

Fatigue, Resistance, Ambulation, Iliness, Loss of weight

scale

Gross Domestic Product

Geriatric Depression Scale

Groningen Frailty Indicator

Gross National Index
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HDI

HIC

HR

HRQolL

IADL

ICC

IPAQ

IQR

IRR

LMICs

MoCA

MOH areas

NCDs

OPQOL

PRISMA

OR

PPS

PSU

QoL

Human Development Index

High-Income Countries

Hazard Ratio

Health-Related Quality of Life

Instrumental Activities of Daily Living

Intraclass correlation

International Physical Activity Questionnaire

Interquartile range

Inter-rater reliability

Low-and Middle-Income Countries

Montreal Cognitive Assessment

Medical Officer of Health areas

Noncommunicable diseases

Older People’s Quality of Life Questionnaire

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses

Odds Ratio

Probability Proportional to Size

Primary Sampling Units

Quality of Life
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RCTs Randomized Controlled Trials

RR Rate Ratio

RRR Relative Risk Ratio
SD Standard Deviation
SE Standard Error

SOF frailty index Study of Osteoporotic Fracture index

SPSS Statistical Package for the Social Sciences
SRS Simple Random Sampling

SSuU Secondary Sampling Unit

TFI Tilburg Frailty Indicator

UK United Kingdom

USA United States of America

WHO World Health Organization

ZIP Zero-Inflated Poisson

95% Cl 95% Confidence Interval
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Chapter 1: Introduction

1.1 Chapter overview

In this chapter, | provide a comprehensive overview about the topic of this thesis:
‘frailty’. First, | discuss the public health impact of population ageing worldwide.
Second, | describe the conceptualisation of frailty followed by the biological and
physiological basis of ageing and frailty. Next, | provide a detailed description of
frailty measurements and the public health importance of frailty. Finally, |

conclude this chapter by discussing recent research on interventions for frailty.
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1.2 Background
1.2.1 Global public health impact of population ageing

Population ageing is a universal phenomenon affecting all countries in the world
at different rates.! People in general are living longer lives than ever before?; but
increasing longevity does not necessarily translate into increasing healthy life
expectancy. Cognitive and physical functions decline as people age. The ongoing
demographic transition is associated with an epidemiological transition which
describes the changing patterns of mortality, life expectancy, and cause of death.?
There is an increase of age-related noncommunicable diseases (NCDs)/chronic
conditions and other complex health issues of older age such as frailty, urinary
incontinence, falls, and delirium among older populations.> # Today, primarily
because of continued public health efforts, together with social and welfare
policies, and medical advancements, many people live longer lives despite having
accumulated health problems over the life course. Thus, ageing commonly leads
to complex health needs, including both medical and social care needs. However,
the levels of economic and human development, and the levels of health and
social care provision vary globally and even within the same region, making the

situation more challenging.*
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1.2.2 Conceptualising frailty

Historically the term “frail’ was often used to describe an older adult who appears
weak and vulnerable.® Chronological age is a well-established risk factor that
determines the health and survival of people. However, not every older adult has
multiple health issues. Individuals of the same chronological age can be drastically
different to each other in terms of their health status.® Frailty is a concept that
may explain this heterogeneity of health status among older adults of the same
chronological age.® To date, no consensus exists over a gold-standard definition
for frailty.” The reasons for this include: a relatively new research concept and
field of research introduced around 2001 and a rapidly accumulating body of work
since then, complex aetiology, difficulty distinguishing the concept of frailty from

other aspects such as ageing and disability.?

However, following a Delphi methods based consensus-building effort in 2011,
there was a common agreement on a conceptual framework for frailty.” The
experts agreed that frailty is a multidimensional syndrome characterised by loss
of resilience, decreased reserves across multiple bodily systems and diminishing
resistance to stressors, e.g. poor recovery from acute stressors such as a urinary
tract infection or a non-injurious fall. Moreover, they identified frailty and
disability as distinct entities.” Over the past two decades, two main
approaches/models: (i) biological driven frailty and, (ii) deficit driven frailty have

been extensively used in the literature to conceptualise frailty.? In addition, some
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researchers have conceptualised frailty as a multidimensional concept including

multiple domains such as physical, psychological, and social.’

1.2.2.1 Biological driven frailty

The biological driven approach views frailty as an age-related clinical syndrome
caused by cumulative decline of physiological reserves across multiple body
systems and that manifest during periods of stress.'° The Fried phenotype is the
most commonly used model to elucidate this approach. It is underpinned by a
biological construct®®, hence, it is often referred to as physical frailty, the most
commonly used conceptualisation'. The Fried phenotype is based on a
theoretical ‘cycle of frailty’ that hypothesises that it is a cycle of decline in energy,
nutrition, and skeletal muscles triggered by ageing, diseases, medications, and
environmental stressors, which drives the development of frailty. Five phenotypic
components (shrinking (unintentional weight loss), poor endurance and energy,
weakness, slowness, and low physical activity) were used to operationalise this
hypothesis. This model was proposed by Fried and colleagues in 2001 from a
secondary analysis of a prospective cohort study: Cardiovascular Health Study
(CHS).X° They further hypothesised frailty, comorbidity, and disability as distinct
entities (although they often overlap with each other) and investigated their

hypotheses using the CHS cohort.°

According to their findings, frailty and comorbidity (defined as two or more of the
following nine diseases: myocardial infarction, angina, congestive heart failure,

claudication, arthritis, cancer, diabetes, hypertension, and chronic obstructive
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pulmonary disease) was present in 46.2% of the population; frailty and disability
(defined as the presence of limitation in at least one basic activity of daily living
(BADL)) was present in 5.7%; and the combination of frailty, comorbidity and
disability was present in 21.5% of the study cohort. Frailty was present without
comorbidity or disability in 26.6% of the study group. This finding provides
support for frailty as an independent concept, distinct from comorbidity and
disability though they are related.!® Therefore, generally comorbidity is regarded
as a precursor to frailty while disability is recognised as an adverse outcome of

frailty in this conceptualisation.

1.2.2.2 Deficit driven frailty

The deficit driven approach is the second widely used conceptualisation of frailty.
The cumulative deficit model underpins an accumulation of related and unrelated
biological, health, functional, cognitive, and social deficits. This approach
perceives frailty as an age-associated nonspecific state of vulnerability which
reflects multisystem physiological change. However, according to this
conceptualisation, physiological changes do not always occur due to disease
conditions and that is the reason for some oldest-old adults becoming frail
without having life threatening disease conditions.}?> The deficit driven frailty
model considers disability and comorbidity as integral components of frailty
rather than as related separate entities, although they can be caused by frailty.®
It is also of note that the deficit accumulation model was not constructed with an

underlying biological theory or potential aetiology. According to its originators,
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this conceptualisation does not oppose the idea of a physical frailty syndrome,
instead, people who are classified as frail in the syndromic approach will have a
higher number of deficits compared with their counterparts who do not.® This
model was proposed in 2001 by Rockwood and colleagues as part of the Canadian
Study of Healthy Aging and Frailty Index (FlI) was used to operationalise this

conceptualisation.

1.2.3 The biological and physiological basis of ageing and frailty

Ageing is characterised by progressive loss of anatomic and physiological integrity
across multiple organs and systems?, as a consequence of cumulative molecular
and cellular changes occurring over the lifetime. Nine tentative biological
hallmarks were proposed in 2013 to explain the ageing process.'* These included:
(i) genomic instability, (ii) telomere attrition, (iii) epigenetic alterations, (iv) loss of
proteostasis, (v) deregulated nutrient sensing, (vi) mitochondrial dysfunction, (vii)
cellular senescence, (viii) stem cell exhaustion, and (ix) altered intercellular

communication.'*

Ageing predisposes to frailty but not all older adults are frail, implying
heterogeneity of ageing. Hence, ‘normal ageing’ can be differentiated from
frailty.!®> With advanced age, there is a gradual loss of physiological reserves and
homeostatic mechanisms.? With frailty, this decline is believed to be accelerated
and repair mechanisms fail to maintain system homeostasis (the process of
regulating conditions in the body in order to maintain a steady internal
environment). Consequently, frailty reduces older adults’ ability to cope with day-
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to-day minor stressors, e.g. acute infections, falls, etc. indicating that available
functional reserves are inadequate for a complete recovery.® Evidence is
emerging to explain the interconnections between (i) ageing-related molecular
and cellular changes, (ii) disease states, and (iii) dysregulation of multiple
physiological systems and homeostatic pathways that probably lead to the

development of frailty.1® Y’

1.2.3.1 Ageing related molecular and cellular changes

At a molecular level, (i) genomic instability (e.g. accumulation of genetic damage
as a result of failing deoxyribonucleic acid (DNA) repair and other specific

14) .
’

mechanisms of maintaining genomic stability (ii) increasing number of

epigenetic alterations (e.g. alterations in DNA methylation patterns, post-
)14.

translational modifications to histones, etc. and (iii) telomere attrition

(shortening the length of the telomere)*

are likely to cause age-related
alterations in gene expression that prompt physiological changes.** At a cellular
level, protein quality control is essential for cellular homeostasis and cellular
functioning. (iv) The progressive loss of protein homeostasis with ageing
accumulated cellular debris, impairs an efficient response to stress.}* (v)
Cumulative damage to mitochondria and mitochondrial DNA (mitochondrial
dysfunction) occurs with ageing in all cells and thereby reduces the energy
production and increases the production of harmful reactive oxygen species that

cause oxidative stress.'® This has a huge impact on energy metabolism and chronic

inflammation. Ageing affects the renewal ability of both stem cells and their
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microenvironment (niche). Stem cells are the main source that enable cells to
repair and regenerate damaged tissues and organs.'® Therefore, (vi) stem cell
exhaustion leads to declining regenerative tissue repair, and has a significant
impact on immune function. Cellular senescence is a dynamic process driven by
genetic and epigenetic changes that stops the division of cells and undergoes
distinctive phenotypic alterations.'® With ageing, senescent cell populations arise
and (vii) cellular senescence contributes to the overall decline of tissue
regenerative capacity, growth arrest of stem cells and disruption of local stem cell
niche. Likewise presence of accumulated senescent cells at sites of age-related
pathologies are likely to promote inflammation through proinflammatory growth
factors and cytokines they secrete.’® Many of the aforementioned biological
mechanisms are interrelated and lifelong accumulation of damage at molecular

and cellular level leads to gradual physiological decline accompanied with ageing.

1.2.3.2 Chronic disease conditions

Multi-system changes are observed with both chronic diseases and frailty.!” The
causal relationship between chronic diseases and frailty is still unclear, but it is
thought that there are shared underlying biological mechanisms between some
chronic diseases and frailty such as chronic activation of inflammatory and
coagulation pathways.?” 2! Previous research shows that a number of chronic

22,23

disease conditions including: cardiovascular diseases , chronic heart failure?*,

27,28
’

chronic obstructive pulmonary disease?®, depression?®, diabetes mellitus and

hypertension?® coexist with frailty. Thus, the presence of these chronic disease
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conditions is likely to chronically activate the following physiological systems: the
innate immune system, the hypothalamic-pituitary-adrenal (HPA) axis, and the
sympathetic nervous system that would have a destructive impact on many
organs, tissues, and stem cells that hamper their replenishment.!” However,

frailty can also occur in the absence of chronic diseases.? 3°

1.2.3.3 Dysregulation of multiple physiological systems and homeostatic

pathways

The precise level of cellular damage required to cause impaired organ physiology
is unknown.?! Nevertheless, redundancy in many organ systems leads to the
depletion of physiological reserve that compensates for age and disease related
changes.3! Frailty has been shown to be associated with depletion of physiological

33,34 endocrine®®, immune3®, respiratory®’,

reserves in brain3?, skeletal muscle
cardiovascular®, renal®®, and haematological and clotting systems?" 3. (i) Altered
energy metabolism: fasting glucose and insulin levels*?; (ii) lower levels of anabolic
hormones: insulin-like growth factor, dehydroepiandrosterone sulphate*" *?; (iii)
activated innate immune system: elevated inflammatory markers
(proinlammatory cytokine interleukin-6 and C-reactive protein)*® and
modifications to the clotting process (factor VIII, Didimers)?!; (iv) activated HPA
axis: increased cortisol levels*®, low testosterone®; (v) activated sympathetic
nervous system: lack of heart rate variability®>, and low 25(OH) Vitamin D%

provide evidence for dysregulated stress response systems that are important for

the development of frailty. Moreover, these physiological systems are likely to
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activate each other.r” With frailty, physiological decline is accelerated and is
accumulated across multiple inter-related physiological systems. Evidence
indicates that the presence of abnormalities in three or more systems was a
stronger predictor of frailty than an individual abnormal system.*’ Consequently,
frailty is seen as a disorder of several interrelated physiological systems that are

responsible for healthy adaptation to stressors.3 %8

1.2.4 Operationalising frailty

A plethora of instruments to measure frailty have been developed in recent
years.* However, no gold-standard measurement tool is available at present for
clinicians, researchers or policy makers to operationalise the concept of frailty.>®
During a consensus building effort held in 2011 (mentioned previously), no
agreement was reached about an overall operational definition for frailty.’
Instead, experts emphasized the need for conducting additional research on
clinical and laboratory biomarkers of frailty prior to achieving an operational
definition.” A separate consensus conference with a wide range of experts
convened in 2012, recognised and agreed on the distinction between the physical
definition of frailty and the broader definition of frailty which includes multiple
domains.”® This group of experts agreed on four key points in relation to the
assessment of physical frailty. They were: (i) that frailty is an important medical
syndrome with multiple causes; (ii) it can be potentially prevented or treated with
specific modalities; (iii) there are simple, rapid validated screening tests that can

be used by physicians (e.g. FRAIL scale, frailty phenotype, Clinical Frailty Scale,
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Gérontopodle Frailty Screening Tool); and (iv) that all adults aged over 70 years

should be screened.*

The difficulty of achieving an agreement over a single frailty instrument is due to
a number of reasons: (i) having multiple theoretical definitions, for instance the
nature of the frailty concept (e.g. unidimensional or multidimensional); (ii)
breadth of measures available such as single item physical performance tests,
rapid screening questionnaires, and indexes; (iii) lack of data on clinimetric or
psychometric properties of these instruments such as reliability and agreement,
validity, floor and ceiling effects, responsiveness, and interpretability; and (iv)
type of scoring and frailty classification used, e.g. dichotomous, ordinal, and
continuous.®® In addition, a lack of explicit attention to the purpose and the
context of the frailty instrument to be used is also viewed as a cause for the

inconclusive consensus building efforts.!

Table 1.1 (page 47) summarises the findings of 12 reviews published since 2011
that aimed to describe frailty instruments used for screening or for frailty
identification with community-dwelling older adults. Ten of these reviews were
included in a systematic review of reviews published in 2018.%2 Authors of this
review had restricted their search to include studies published between January
2010 and December 2016 claiming that there was an influx of research on this
aspect in those six years.>> The specific objectives of these reviews were to:

49, 53

catalogue all existing frailty instruments generally used for different purposes

and contexts!!; review instruments or markers used for frailty screening in
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primary care settings®* >°; assess the psychometric properties of all available

51, 56, 57

frailty instruments and instruments used in low-and middle-income

countries (LMICs)®®; appraise diagnostic test accuracy of simple frailty

instruments® % and to determine the best frailty instrument to be used in
research and in clinical practice based on Clegg et al’s (2013) four criteria®! for
frailty classification®. These were as follows: (i) to accurately identify frailty, (ii)

reliably predict adverse clinical outcomes, (iii) respond to potential therapies for

patients, and (iv) be supported by a biological causative theory.
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Table 1.1 Summarising the findings of systematic reviews/reviews on frailty instruments

From inception
of the
databases to
23 February
2010

outcome measures in clinical practice
and for observational and experimental
research.

nature (physical, psychological, and social domains) and type of
scoring system used (dichotomous, ordinal, and continuous
scale) in the frailty instruments.

A substantial number of instruments have only covered the
physical aspects of frailty. Half of the instruments did not
contain items pertaining to the psychological domain.

Authors | Type of review Objective of the review Main findings Best frailty
and year and instrument/s
search period proposed
Sternberg | Systematic To systematically review the literature | The most common components used to identify frailty were None
etal, review on clinical definitions, screening tools, physical functioning, mobility, and cognition.
2011% and severity measures of frailty used
From 1997 to with community-dwelling older adults. Limitations in instrumental activities of daily living (IADL) and
2009 basic activities of daily living (BADL) were included as
components of frailty more frequently in early years while gait
speed and cognition have been commonly used more recently.
The choice of the most suitable frailty instrument is dependent
on the need or objective of the study.
de Vries Systematic To assess the clinimetric properties®® of | 20 frailty instruments were identified. Frailty index
etal, review frailty instruments and identify best (FI)
2011% available instrument to evaluate A comprehensive overview was given on the multidimensional
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Table 1.1 continued. Summarising the findings of systematic reviews/reviews on frailty instruments

From 1948 to
May 2011

studies.

Authors | Type of review Objective of the review Main findings Best frailty
and and instrument/s
year search period proposed

de Vries Most instruments have used a dichotomous scoring system (i.e.

et al, either frail or not frail).

2011°

cont. Frailty instruments have often been developed and validated as

prognostic instruments and not as outcome measures.

Pijpers Systematic To describe the currently available Current screening instruments for frailty are not sensitive None

etal, review frailty scoring systems and their enough for screening and for diagnosing frailty. However, there

2012% predictive values in the general is no gold-standard frailty test to compare screening and

From inception | population. diagnostic instruments with.
of the databases

to December

2010

Bouillon | Systematic To provide an overview of measures of | 27 frailty instruments were identified, of them 19 were None

etal, review frailty (including psychometric developed in population-based samples, seven among

2013 properties) used in population-based hospitalised patients, and one without specifications.
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Table 1.1 continued. Summarising the findings of systematic reviews/reviews on frailty instruments

From inception
of the
databases to
25 June 2011

The psychometric properties of two instruments: Tilburg
Frailty Indicator (TFl), Survey of Health Ageing and Retirement
in Europe Frailty Instrument (SHARE-FI) compared with
Comprehensive Geriatric Assessment (CGA) appeared to be
potentially suitable.

Authors | Type of review Objective of the review Main findings Best frailty
and and instrument/s
year search period proposed

Bouillon Half of the instruments reviewed had incorporated disability or

et al, comorbidity items into the instruments.

2013%¢

cont. Half of the instruments were created in USA (14) followed by

Canada (5), The Netherlands (3), and Italy (2) and one each in
Australia, France, and Sweden.

Frailty index and Fried phenotype were the two instruments
widely tested for validity but not for reliability.

Fried phenotype was the most evaluated and widely used
instrument.

Pialoux Systematic To review the literature on validated 10 instruments were identified for screening for frailty in None

etal, review screening instruments for frailty in primary healthcare.

20125 primary healthcare settings.
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Table 1.1 continued. Summarising the findings of systematic reviews/reviews on frailty instruments

From 1990 to
October 2013

adults.

and Groningen Frailty Indicator (GFl).

Slow gait speed, PRISMA-7 questionnaire, timed-up-and-go
test demonstrate high sensitivities (few false- negative results)
and moderate specificities (moderate levels of false-positive
results) that limit their diagnostic test accuracy. Thus these
instruments cannot be used as accurate single tests.

Authors | Type of review Objective of the review Main findings Best frailty
and and instrument/s
year search period proposed

Buckinx | Review To review the recent literature on the The other operational concepts of frailty are on a spectrum None

etal, definition of frailty, the burden of frailty, | between two main approaches of frailty, namely the biological

2015% Not mentioned | and the challenges for public health. syndrome and the deficit model.

10 frequently cited validated measures of frailty were
identified in the literature.

Clegg Systematic To investigate the diagnostic test Review identified seven simple frailty tests/instruments: gait None

etal, review accuracy of simple frailty instruments to | speed, PRISMA-7 questionnaire, timed-up-and-go test, self-

2015% use with community-dwelling older rated health, general practitioner assessment, polypharmacy,
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Table 1.1 continued. Summarising the findings of systematic reviews/reviews on frailty instruments

From inception
of the
databases to
December
2013

different purposes and contexts of their
use.

Over half of the highly cited instruments included measures of
comorbidity and disability.

Fried phenotype was the most cited and used frailty
instrument in the literature followed by the frailty index.

Frailty instruments were frequently used as risk assessment
tools followed by use for the investigation of the aetiology of
frailty.

Use of frailty measurements for clinical decision-making and as
an interventional target found to be limited.

The most common assessment context was observational
cohort studies of community-dwelling older adults.

This review recommended to select frailty instruments based
on the intended purpose, theoretical basis, validity, and
feasibility.

Authors | Type of review Objective of the review Main findings Best frailty
and and instrument/s
year search period proposed

Buta Review To comprehensively catalogue frailty 67 frailty instruments were identified, 9 of which were highly None

et al, instruments in the research literature cited.

2016 and systematically categorise the
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Table 1.1 continued. Summarising the findings of systematic reviews/reviews on frailty instruments

From inception
of the
databases to
30June 2014

Of 70 studies reviewed, 60 studies were community-based, six
were hospital-based and four were nursing home-based.

Twenty eight studies (40.0%) included people living in rural
locations.

Correspondingly 36, 20, and eight studies had used Fried
phenotype, frailty index and Edmonton Frail Scale (EFS).

EFS was the best validated instrument with content and
construct validity, reliability, and agreement: all of the
aforementioned psychometric properties found to be
acceptable in two studies from Brazil.

None of the frailty assessment tools used has been fully
validated to use in LMICs. Therefore, further validation of
frailty assessment tools is required from LMICs.

Authors | Type of review Objective of the review Main findings Best frailty
and and instrument/s
year search period proposed

Gray et Systematic To systematically review the frailty Studies were conducted in 22 LMICs (9 in Asia, 7 in South or None

al, review screening tools used in low-and middle- | Central America, 4 in Africa and 2 in Europe). Brazil, Mexico,

2016 income countries (LMICs). and China provided data for 60 of 70 studies (85.7%).
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Table 1.1 continued. Summarising the findings of systematic reviews/reviews on frailty instruments

From inception
of the
databases to
30 March 2015

adults aged =60 years and evaluate the
reliability and validity of these tools.

are limited.

Groningen Frailty Indicator followed by Tilburg Frailty Indicator
(TF1) were the most frequently tested instruments for
psychometric properties.

Only TFI (acceptable evidence for 4 measurement domains out
of 9) and Frailty Index based on Comprehensive Geriatric
Assessment (FI-CGA) (acceptable evidence for 3 measurement
domains out of 9) had reliability and validity testing results
within parameters of fair to excellent quality.

At present, TFIl has the most robust evidence-based support
for its reliability and validity in assessing frailty.

The psychometric properties of all multi-component frailty
assessment tools require an in-depth evaluation.

Authors | Type of review Objective of the review Main findings Best frailty
and and instrument/s
year search period proposed

Sutton et | Systematic To identify multi-component frailty A large number of (38) multi-component frailty assessment None

al, review assessment tools that were specifically tools were identified in 73 studies. However, the range and

2016 developed to assess frailty in older guality of the psychometric properties of these instruments
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Table 1.1 continued. Summarising the findings of systematic reviews/reviews on frailty instruments

Authors | Type of review Objective of the review Main findings Best frailty
and and instrument/s
year search period proposed

Dent Review To determine the best frailty 29 different frailty measurements were identified. Fried

etal, measurement instrument in research phenotype

20168 From January and in clinical practice according to Clegg | The majority of studies have used frailty measurement as a Frailty index

2009 to July et al’s (2013) criteria®! for frailty prognostic tool.

2015 measurement.
To date, Fried phenotype and frailty index are the two most
commonly used frailty measurements that appear to be the
most robust tools for researchers and clinicians.

Lee et al, | Systematic To systematically review markers for There is a lack of psychometrically sound and clinically useful None

2017°® review frailty or risk tools that have been frailty markers.
validated in ambulatory care settings.
From 1966 to
March 2016
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Overall, research on frailty instruments has increased greatly over the past two
decades. As demonstrated in the findings of the systematic reviews evaluating the
psychometric properties of instruments set out in Table 1.1 (page 47), the quality

of the existing frailty instruments varies widely.

Some researchers have identified the best available frailty instrument/s in the
literature according to their review objectives.® >! Fried phenotype derived from
the biological approach and the frailty index derived from the deficit accumulation
approach have been the most extensively used frailty assessment methods to
date by researchers and by clinicians.' > One review has claimed that these two
instruments appeared to be the most robust frailty assessment tools for use by
clinicians and researchers at present® according to Clegg et al’s (2013) criteria®!
for frailty measurement. There has been a growing interest in frailty in LMICs
recently, and the majority of the studies to date have used the Fried phenotype
as their assessment method.>® None of the frailty instruments used thus far have
been fully validated for use in LMICs.”® To date, the Edmonton Frail Scale is the
best validated instrument found from LMICs.>® The content and construct validity,
reliability and agreement was found to be acceptable in two studies conducted in

Brazil.%% 3

The prevalence of frailty varies considerably in the same study population-based
on the frailty instrument used.®*®” Table 1.2 (page 57) presents the characteristics

of 14 frequently cited frailty instruments in the literature.® *° Of these, | describe
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the Fried phenotype and the original Frailty Index (FI) and its subsequent

modifications in detail in the next section.
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Table 1.2 Characteristics of the commonly used frailty instruments in the literature

Frailty instrument Country Number Description Frailty classification Context
of of used
origin items
Fried phenotype?® USA 5 Shrinking, poor endurance and energy, weakness, Frailty>3 items Clinical and
slowness, and low physical activity Pre-frail=1-2 item population
Non-frail =0 items level
screening
Frailty index® 13 Canada 30+ A list of health, functional, cognitive, and social deficits. | Suggested frailty Clinical and
cut-off>0.25 population
Frailty index is calculated as the number of deficits the level
participant has, divided by the total number of deficits screening
considered.
Fl score ranges from 0 (no deficits) to 1 (all deficits).
Frailty index Canada 14 (Originally)®® | Impairment index comprised of 10 domains (cognition, | Suggested frailty Clinical
derived from emotion, communication, mobility, balance, bladder cut-off>0.25
comprehensive function, bowel function, nutrition, IADL and BADL, and
geriatric social resources) and Comorbidity index (Cumulative
assessment lliness Rating Scale)
(FI-CGA)® &9 52 (Later)®® FI-CGA score ranges from 0-1.
Clinical Frailty Canada 1 A brief clinician assessment using visual and written Severely frail Clinical
Scale!* 70 chart for frailty with nine graded pictures. 1=very fit, (score 7-8)
9=terminally ill. Mild to moderately frail
(score 5-6)
Non-frail
(score 1-4)
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Table 1.2 continued.

Characteristics of the commonly used frailty instruments in the literature

scale (FRAIL scale)”

illness (five or more illness out of 11 ilinesses), and loss
of weight (self-reported, >5.0% in the last year)

Frailty instrument Country Number Description Frailty classification Context
of of used
origin items

Gérontopole Frailty France 8 The first six questions evaluate the individual’s status Based on clinical Clinical
Screening Tool™ (living alone, involuntary weight loss, fatigue, mobility judgement of the

difficulties, memory problems, and gait speed). general practitioner

The last two questions are about clinical judgement of

frailty status of the individual (Do you think your patient

is frail?; If yes, is your patient willing to be assessed for

his/her frailty status at a future frailty clinic?)
Study of USA 3 Weight loss (intentional/unintentional, >5.0% in the last | Frailty>2 items Clinical and
Osteoporotic year), exhaustion (self-reported), and low mobility Pre-frail=1 item population
Fractures (SOF) (inability to perform chair rise five times) Non-frail =0 items level
frailty index”? screening
Fatigue, USA 5 Fatigue (self-reported), resistance (self-reported Frailty>3 items Clinical and
Resistance, difficulty walking up 10 steps alone without resting and | Pre-frail=1-2 items population
Ambulation, llIness, walking aids), ambulation (self-reported difficulty of Non-frail =0 items level
Loss of Weight walking several hundred yards alone without aids), screening

58




Table 1.2 continued.

Characteristics of the commonly used frailty instruments in the literature

activities, support of another person is needed, having
health problems required to stay at home, social
support, and use of a cane/walker/wheelchair

PRISMA-7 score ranges from 0-7.

Frailty instrument Country Number Description Frailty classification Context
of of used
origin items
Edmonton Frail Canada 9 Cognition (clock drawing), general health status Severe frailty Clinical and
Scale (EFS)™ (number of hospital admissions in the last year), (score 12-17) population
functional independence (help needed with number of | Moderate frailty level
IADL activities), social support, medication use (>5 (score 10-11) screening
regular medications), nutrition (recent weight loss), Mild frailty (score 8-9)
mood (often feel sad or depressed), continence (urinary | Vulnerable (score 6-7)
incontinence), and functional performance (timed up- Non-frail (score 0-5)
and-go test)
EFS score ranges from 0-17.
SHARE frailty Ireland 5 Fatigue, loss of appetite, grip strength, functional Frailty>3 items Clinical and
instrument difficulties, and physical activity Pre-frail=1-2 items population
(SHARE-FI)™ Non-frail =0 items level
screening
PRISMA-77¢ Canada 7 Self-reported dichotomous components: older than 85 Frail (scores23 ) Population-
. S level
years, male, having health problems which limit .
screening
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Table 1.2 continued.

Characteristics of the commonly used frailty instruments in the literature

psychological (memory, feeling down, anxiety, and
coping), social (living alone, social isolation, and social
support)

TFl score ranges from 0-15.

Frailty instrument Country Number Description Frailty classification Context
of of used
origin items
Groningen Frailty The 15 Self-reported dichotomous questions in four domains: Frail (scores24 ) Population-
Indicator Netherlands physical (independence in shopping, walking, dressing, level
(GFI)”” toileting, physical fitness, vision, hearing, weight loss, screening
and polypharmacy), cognitive (memory issues),
psychological (feeling down hearted or sad, feeling
nervous or anxious), social (emptiness, missing others,
and feeling abandoned)
GFl score ranges from 0 (not frail)-15 (very frail).
Tilburg Frailty The 15 Self-reported questions in three domains: physical Frail (scores>5 ) Population-
Indicator Netherlands (physical health, weight loss, difficulty in walking, level
(TFI)® balance, hearing, vision, gripping, and tiredness), screening
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Table 1.2 continued.

Characteristics of the commonly used frailty instruments in the literature

status (2 items), oral functions (3 items), cognitive
function (3 items), and depressive mood (5 items)

KCL is calculated as the number of deficits the
participant has, divided by the number of deficits
considered (25).

Frailty instrument Country Number Description Frailty classification Context
of of used
origin items
Sherbrooke Postal Canada 6 Self-reported questions with dichotomous answers; Frail (scores>2) Population-
Questionnaire living alone, taking 23 medications daily, use of a level
(SPQ)” cane/walker/wheelchair, eyesight, hearing, and screening
memory problems
SPQ score ranges from 0-6.
Kihon Check-List Japan 25 25 items in a self-administered questionnaire: Suggested cut-off>0.25 | Population-
(KCL)®® instrumental (3 items) and social (4 items) activities of level
daily living, physical functions (5 items), nutritional screening
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1.2.4.1 Fried phenotype

As mentioned in Section 1.2.2.1 (page 38), the Fried phenotype is based on a
theoretical ‘cycle of frailty’ that hypothesises a cycle of decline in energy,
nutrition, and skeletal muscles triggered by ageing, diseases, medications, and
environmental stressors, which drives the development of frailty. The Fried
phenotype and the concept of physical frailty originated in USA.!° The Fried
phenotype is comprised of five components: (i) shrinking, (ii) poor endurance and
energy, (iii) weakness, (iv) slowness, and (v) low physical activity. The
corresponding methods used to operationalise each component in the original
study (CHS)* were: (i) shrinking: unintentional weight loss of 4.5 kg or more in the
last year, (ii) poor endurance and energy: self-reported exhaustion as identified
by two questions from the Center for Epidemiologic Studies Depression Scale, (iii)
weakness: being in the lowest quintile of grip strength after adjusting to sex and
body mass index (BMI) quartiles, (iv) slowness: being in the lowest quintile of
walking speed after adjusting for sex and standing height, and (v) low physical
activity: being in the lowest quintile of weekly kilocalories expenditure adjusted
for sex assessed using the short version of the Minnesota Leisure Time Activity
guestionnaire. For each individual, a score of 0-5 is generated based on cut-off
points for frailty for each component. Zero means none of the components are
present while five means the presence of all five components. In the original study
(as well as in the subsequent research) co-occurrence of at least three of the five

components was considered as ‘frail’, presence of one to two components was
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considered as ‘pre-frail’ and ‘robust’/‘non-frail’ if none of the components were

present.®

Researchers have frequently modified the methods used to operationalise these
components (usually based on the availability of data) and it has been shown that
these modifications substantially affect the magnitude of subsequent frailty
prevalence estimates, even when used with the same study sample.?! Areas
where modifications have been noted are: (i) number of phenotypic components
used, (ii) how phenotypic components were operationalised, (iii) which cut-off
points were used for performance based measures such as grip strength and gait
speed, (iv) how frailty status for each component was identified, (v) how missing
data of frailty components were handled (sum of available items or imputations
(i.e. assumed frail) for missing data), (vi) how the total frailty score was computed
and (vii) how persons were classified accordingly (e.g. use of a two-level
classification of frail and non-frail compared with original three-level
classification), and (viii) inclusion and exclusion criteria used to define the study
population (for example including those in residential care settings or not, or

those with dementia).?!

The Fried phenotype has been validated in large epidemiological studies.'® 883 |t

predicts recurrent falls, nursing home admission, developing IADL and BADL
limitations, overnight hospitalisation, emergency room visits, and mortality
independently from multiple potential confounding factors.® 8284 However, the

Fried phenotype was not developed for use in routine care. Scoring in clinical
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settings is difficult for three components: weakness (low grip strength), slowness
(low gait speed), and low physical activity, as population values are required.® It
is time consuming and has been criticised for non-inclusion of psychosocial
components of frailty? (e.g. cognition, mood, social support, and living
arrangement), as well as sensory impairments (e.g. vision and hearing). Moreover,

no biological markers are included in the Fried phenotype.®®

1.2.4.2 Frailty index (FI)

In contrast to the phenotype model, using the cumulative deficit model, the
multidimensional nature of frailty has been operationalised as an accumulation of
related and unrelated biological, health, functional, cognitive, and social deficits
in the form of a frailty index. A range of items are included in the frailty index® as
‘deficits’: symptoms (e.g. changes in sleep, low mood, memory complaints); signs
(e.g. tremor, decreased peripheral pulses); diseases (e.g. diabetes mellitus, heart
diseases); abnormal laboratory measurements (e.g. calcium, creatinine, urea);
social factors (e.g. living alone); and disabilities (limitations in instrumental and
basic activities of daily living).® However, these deficits vary across a range of
severity, from items associated with risk of death (e.g. heart failure) to items
which cause discomfort (e.g. constipation).® An individual’s frailty index score is
computed as the proportion of deficits present at a given chronological age.®® If
an individual has more deficits, they have a higher likelihood of being frail. The
frailty index score is continuous and ranges from 0 to 1. A score of 0 is given if

there are no deficits, and a score of 1 is given if all deficits included within the
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index are present. The upper limit of frailty index is believed to be around 0.67
and higher scores do not generally occur.?’ There is no consensus on a cut-off for
frailty and values between 0.2 and 0.25 are often used.>® # However, these values
have been not validated as there is no gold-standard frailty instrument for
comparison, and the sensitivity and specificity of these values are also not
established. Concurrent and predictive validity of the frailty index have been
assessed with multiple datasets.>® Several studies have found that the frailty index
has a higher predictive ability of adverse clinical events (e.g. all-cause mortality,
admission to a residential care facility, move from low-level care to high-level care
within residential care, functional decline over hospitalisation, and long length of
hospital stay) compared with other frailty assessment methods with both
hospitalised and community-dwelling older adults.8°! It has also been suggested
that the Fl can be used as a population indicator of healthy ageing and can be used
when evaluating the performance of health and social care delivery and policies.®
If collecting original data, the index can be time consuming to calculate and is not
suitable to use in clinical settings.® 8 However, ‘electronic’ versions have been
developed (the eFl) in the UK which use routinely collected data from healthcare
records to automatically generate a version of the Fl without any extra work by
clinicians.?? Similar work has been done with Canadian primary care electronic
medical records recently and indicates the possibility of using eFl as a case-finding
instrument.”® However, using Fl in low resource settings is challenging where

medical histories of older adults are not readily available in digital form.
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In addition, deriving the frailty index using the more routinely used
Comprehensive Geriatric Assessment (CGA)®* has been undertaken. The CGA is
the global standard assessment for older adults in clinical practice. It is a
multidimensional assessment and a treatment plan, and regular review is
delivered by a multidisciplinary team.®®> CGA is therefore viewed as the gold-
standard for the care of people with frailty.®> However, it is a time and resource
intensive specialist approach.®® Although the CGA has not been specifically
designed to measure and classify participants as frail and non-frail, evidence is
emerging that the clinically obtained CGA results were highly correlated with the

I°7 and were predictive of death and of the need for institutional care.!>

original F
®8 Thus, the frailty index derived from the CGA (FI-CGA) is considered as a valid,
reliable, and sensible clinical measure of frailty that can be used for risk
stratification.®® Based on these research findings, Clegg and colleagues®' have
suggested the CGA as the current gold-standard instrument to detect frailty.3! This
suggestion has been further endorsed by some researchers in the field claiming
that the CGA is the current criterion standard for frailty identification and

management.®3

All the frequently used frailty instruments included in Table 1.2 (page 57) have
been developed in high-income countries (HICs). Most of the tools have been
based on either the biologically based syndromic approach or the deficit
accumulation approach.'” There is an increasing trend towards developing

multidimensional tools, but the best instrument to measure frailty remains
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debatable among experts in the field. Similarly, the choice of the components to
be included in the frailty assessments is not conclusive.* However, there is an
increasing recognition that none of these existing frailty instruments are sufficient
for all purposes: clinical practice, risk assessment, biological and epidemiological
research, intervention development, and outcome assessment.>® Hence, there is
a tendency to recommend gold-standard frailty measurement tools for each

purpose.t!

1.2.5 Public health importance of frailty

Frailty has emerged as a major global health concern linked with ageing
populations worldwide that has significant medical, public health, and social
implications for patient outcomes as well as health and social care services
utilisation.®® Recently frailty has been described as the most problematic
expression of population ageing3! and is increasingly recognised as a hallmark
geriatric syndrome from which other geriatric syndromes such as delirium and
falls may develop.? Frailty is triggered by a complex multifactorial aetiology.® In
addition to the biological and physiological changes associated with ageing and
frailty, lifestyle and environmental stressors also contribute to the pathogenesis

of frailty.%®

1.2.5.1 Adverse outcomes of frailty

Frailty is a strong independent predictor of numerous adverse health outcomes

99, 100

such as all-cause mortality , cognitive impairment!??, delirium®, disability
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(i.e. limitations in instrumental activities of daily living and basic activities of daily
living) 1%, recurrent falls'®, hospitalisation!®®, emergency room visits®, and low

1% among both community-dwelling and institutionalised older

quality of life
adults. The results of an extensive review and meta-analysis of prospective studies
which included 31 articles on 13 negative health outcomes with 158,764
participants revealed that frailty significantly increased the risk of developing
several negative health outcomes.!?” According to the findings of this meta-
analysis (pre)frailty increased the risk of mortality [OR 2.3 (1.8, 3.1); HR/RR 1.8
(1.7, 2.0)], hospitalisation [OR 1.8 (1.5, 2.2); HR/RR 1.2 (1.1, 1.3)],

institutionalisation [OR 1.7 (1.0, 2.8); HR/RR 1.7 (1.5, 1.8)], BADL limitations [OR

2.1(1.7, 2.4); HR/RR 1.6 (1.5, 1.8)], and IADL limitations [OR 2.5 (2.1, 3.1)].17

1.2.5.2 Health and social care costs

Frailty and its adverse outcomes contribute to the increasing demand on health
and social care systems globally. This will have various implications for individuals,
families, governments, and society. Healthcare costs have been found to be
attributable more to frailty and to comorbidity than to age.!%® Several studies have

109-111 and in

reported increased total healthcare costs among frail older adults
particular increased costs for outpatient care'!®, hospitalisation and skilled
nursing facility stay'!?, inpatient care!!?, and for informal nursing care!*!. Some of

these findings remained significant even after adjusting for multimorbidity and

functional limitations.'° Limited evidence is available on family caregiver burden
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and physical frailty, however, existing studies reported negative associations with

caregiving frail older adults including anxiety and depression.*'?

1.2.5.3 Screening for frailty

Routine screening for frailty has been encouraged in international consensus
guidance in order to optimally manage individuals with physical frailty.>® For
instance, optimising medication for frail older adults could help to reduce harm

and minimise inappropriate hospital admissions.!t

Frailty screening is
increasingly used as a guide for clinical decision-making and has been used as a
risk stratification tool in predicting adverse patient outcomes: increased
mortality, morbidity, and healthcare consumption across a number of medical
and surgical subspecialties.!** 1> These subspecialties include oncology',

116-118

cardiology , and patients with chronic kidney disease!®, geriatric trauma

120

patients'?, intensive care patients!*

, general, vascular, and hip surgical

patients!?e,

1.2.5.4 Frailty trajectories

The actual level of frailty at a certain time point can be placed on a continuum
between not frail to severely frail.° Older adults can make dynamic transitions
across frailty statuses in both directions. Pre-frail older adults have more than
twice the risk of becoming frail compared with non-frail.1° According to pooled
results of a recent meta-analysis, over a 3.9 years mean follow up time,

approximately 10.0% of older adults improved their frailty status while 40.0%
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worsened and half remained the same.?? Hence frailty may be potentially a
reversible risk condition.!?® Evidence suggests that pre-frail/moderately frail
individuals may better respond to interventions and have a greater chance to
improve compared with those who are already frail.?* 12> There is therefore a
need for better management and to slow down the trajectories towards further
deterioration of health and functional status in order to improve quality of life in

later years.

1.2.6 Interventions for frailty

Since frailty is a progressive condition on a spectrum?®, early detection (through
screening for example) is potentially important in order to take preventive
measures and reduce its severity by delaying or slowing its progression.'?® Over
the past decade, an increasing number of studies have examined the effectiveness
of various types of interventions for preventing the progression of pre-frailty and

frailty in older adults.!?” 128

Two previous systematic reviews which included randomized controlled trials
(RCTs) published in 2014*2° and 2015° provided some evidence for the benefit
of physical exercise interventions in frail older adults. Compared with control
interventions, exercise showed significant improvement in gait speed and Short
Physical Performance Battery in the frail older adults. However, results were
inconclusive for endurance outcomes, balance, and functional status.?° Another
review suggested that multi-component exercise programmes would promote
global function of frail older adults.’*® However, both reviews concluded that
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uncertainty remains about the optimal exercise programme.'?> 130 A systematic
review published in 2018 has collated information on a broad range of 21 RCTs of
clinical interventions tested predominantly with community-dwelling older
adults, published in 2001-2015.1?7 This review demonstrated mixed results
regarding the effectiveness of frailty interventions. Physical exercise interventions
were generally effective in reducing or reversing frailty but only where classes or
groups interventions were used.?” Another systematic review published in 2019
which included 47 studies explored primary care interventions for frailty'?, and
suggested that a combination of strength exercises and protein supplementation
are the most effective and easiest to implement interventions to delay or reverse

frailty.'?®

It is essential to highlight some limitations of both the systematic reviews and a
number of studies included within them. Three of the four reviews discussed
above were limited to studies published in English language only!?”-128130: hence,
might have missed the studies published in other languages. Studies were highly
heterogeneous in terms of intervention characteristics and outcome
measurements, therefore meta-analyses were not possible in many instances.
Some studies have provided lack of or unclear information on participant blinding
to treatment allocation and on the study instruments they used.'?” Disagreement
on frailty definition also limits the comparability and generalisability of findings
into different clinical and economic contexts. Furthermore, evidence is scarce on

the cost-effectiveness of these interventions.'?” Almost all these interventional
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studies have been conducted in HICs and therefore they lack evidence from LMICs

directly relevant to Sri Lanka.
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Chapter 2: Thesis rationale and objectives

2.1 Chapter overview

In this chapter, | present the rationale and objectives of my PhD. First, | describe
population ageing in low-and middle-income countries (LMICs) with a particular
emphasis on Asia, and the importance of having a complete catalogue of research
on the epidemiology of frailty in LMICs. Second, | provide a brief introduction
about Sri Lanka and the causes, dynamics, and current situation of population
ageing in the country. Subsequently, | describe one potentially relevant study on
the epidemiology of frailty from Sri Lanka. This is followed by a rationale for
evaluating the association of frailty with disability and with quality of life in Sri
Lanka. Finally, | outline the two main parts of my PhD: Part A) a systematic review
and meta-analysis on prevalence of frailty and pre-frailty among community-
dwelling older adults in LMICs, and Part B) a population-based cross-sectional

study, along with their objectives.
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2.2 Thesis rationale

2.2.1 Population ageing and prevalence of frailty in low-and middle-income

countries (LMICs) and in Asia

Table 2.1 (below) presents the percentage of population aged >60 years living in
the world and by income classification, and distribution of the world’s total older
population by income groups for the year 2015, and according to population
projections for 2030 and 2050.! By 2030 and 2050 middle-income countries will
have aged considerably and they will be the home for the majority of the older
adults in the world. These countries are mostly located in Asia and in Latin

America and the Caribbean regions.!

Table 2.1 Percentage of population aged 260 years in the world and according to
income classification and distribution of the total population (aged 260 years) of

the world by income classification

Income groups Percentage in each Distribution of world’s
income group total older population

across income groups (%)
2015 2030 2050 2015 2030 2050

World 12.3 16.5 215 100.0 100.0 100.0
High-income 22.1 27.7 31.9 34.4 29.2 23.1
Upper middle-income 13.4 21.2 30.5 355 38.9 38.3
Lower middle-income 8.1 11.2 16.5 26.4 28.1 33.1
Low-income 5.2 5.8 8.3 3.7 3.9 5.5

Data source: United Nations, Department of Economic and Social Affairs, Population Division
(2015). World Population Ageing 2015 (ST/ESA/SER.A/390).
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Similarly, Table 2.2 (below) presents the percentage of population aged 260 years
living in each region and distribution of the world’s total older population by
region for the year 2015 and according to population projections for 2030 and
2050.1 Asia is already home to more than half of the world’s older population and
the percentage of the population aged 260 years is expected to rise to 60.2% by

2030.1

Table 2.2 Percentage of population aged >60 years in the world and according to
geographic region and distribution of the total population (aged 260 years) of the

world by geographic region

Region Percentage in each Distribution of world’s
region total older population

across regions (%)
2015 2030 2050 2015 2030 2050

World 12.3 16.5 21.5 100.0 100.0 100.0
Africa 5.4 6.3 8.9 7.2 7.5 10.5
Asia 11.6 17.2 24.6 56.4 60.2 61.8
Europe 23.9 29.6 34.2 19.6 15.5 11.6
Latin America and the 11.2 16.8 25.5 7.9 8.6 9.6
Caribbean

Oceania 16.5 20.2 23.3 0.7 0.7 0.6
Northern America 20.8 26.4 28.3 8.3 7.5 5.9

Data source: United Nations, Department of Economic and Social Affairs, Population Division
(2015). World Population Ageing 2015 (ST/ESA/SER.A/390).
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Asia is the earth’s largest and most populous continent. The United Nations (UN)
has divided Asia into four sub regions namely, Eastern Asia (five countries),
Central Asia (five countries), Southern Asia (nine countries), South-Eastern Asia
(11 countries), and Western Asia (18 countries) including 48 countries in total
when mainland China and its special administrative regions are considered as a
single country.!3! Except Japan, Hong Kong Special Administrative Region (SAR),
Singapore, South Korea, and Taiwan, the majority of Asian countries are emerging
economies. Declining fertility levels, marked improvements in infant mortality,
increasing life expectancy, and migration of the working populations (thereby
leaving older parents in their home countries) are the driving determinants

influencing the structural change in the ageing population in Asia.?

However, not all Asian countries are ageing at the same rate. Most of the high-
income Asian countries (Hong Kong SAR, Japan, Singapore, and South Korea) have
been experiencing ageing populations in parallel with advanced Western
economies.? The fastest growth will continue in East Asia followed by some
countries in South-East Asia.® These varying ageing profiles, along with the
different levels of economic development, mean that each country is required to
react to this immediate challenge in their own way considering the country’s
unique cultures and traditions.®> However, many health and social challenges
associated with population ageing have not received due consideration in many

LMICs included within Asia.
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Frailty is one such age-related vulnerability. The prevalence of frailty has been
widely studied in Western high-income countries.’3* 133 |n contrast, a narrative
review of frailty in LMICs (developing countries) published in 2015 (search was
conducted from 1990 to January 2014) found limited studies (14 studies); all of
which were from middle-income countries and none from low-income countries.
Furthermore, this review suggested that frailty occurs more frequently in
LMICs.132 Understanding the magnitude and patterns of frailty in these rapidly
ageing populations in LMIC settings is worthwhile in order to evaluate the current
and future health, social, and economic consequences associated with frailty and
take necessary steps to provide care for those who are frail and to prevent or

reduce the incidence of frailty among their growing older populations.

2.2.2 SriLankan context

2.2.2.1 Economic profile and healthcare system of Sri Lanka

Sri Lanka has a population of about 21 million'** and is a lower middle-income
country with a gross national income (GNI) per capita USS 3850'* and a high
Human Development Index (HDI) of 0.770%%¢ as per the statistics of the year 2017.
Lower middle-income economies are those with GNI per capita between USS 996
and USS 3895. In 2017 Sri Lanka was at the top end close to entering the category

of higher middle-income economies.*®’

The Government led health delivery system in Sri Lanka has contributed to

significant achievements such as higher life expectancy and good health outcomes
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e.g. reduction in maternal mortality, reduction in child mortality, better control of
communicable diseases, elimination of malaria, poliomyelitis, Filariasis, and the
control of vaccine preventable diseases. Sri Lanka is known for its effective health
service delivery at reasonable cost when compared with countries with
comparable health outcomes where the investment on health in terms of
percentage Gross Domestic Product (GDP) is relatively high.'*® In 2016, the Sri

Lankan government contribution for health was 1.6% of GDP.138

2.2.2.2 Srilanka: a member state of World Health Organization (WHO)

South-East Asia region

With reference to health-related initiatives, Sri Lanka is classified under the World
Health Organization (WHO) South-East Asia region which includes 11 countries
(Bangladesh, Bhutan, Democratic People’s Republic of Korea (DPR Korea), India,
Indonesia, Maldives, Myanmar, Nepal, Sri Lanka, Thailand, and Timor-Leste);
home to a quarter of the world’s population®3® (Figure 2.1, page 79). According to
recent statistics, Thailand, Sri Lanka, and DPR Korea have the highest proportion
of older persons (those aged 260 years), among the 11 member states that belong
to WHO South-East Asia region.! Table 2.3 (page 80) presents key economic,
demographic, and human development indicators of countries belonging to the

WHO South-East Asia region.
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Figure 2.1 Countries belonging to WHO South-East Asia region

W Countries belonging to WHO
South-East Asia

Note: Map was created with mabthart!net@
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Table 2.3 Key economic, demographic, and human development indicators of countries belonging to the WHO South-East Asia region

Country Income Total Median Fertility Life expectancy % % Expected Mean years Human
classification population age rate at birth (years)* aged aged years of of schooling  Development
2017 2015 2015 2010-2015' pjales  Females 260 260 schooling 201716 Index (HDI) in
(GNI per (thousands)*3! 2015'  2030! 2017136 201736
capita USS)**
Bangladesh Lower-middle 161,201 25.6 2.2 69.9 72.3 7.0 115 114 5.8 0.608
1470 (Medium)
Bhutan Lower-middle 787 26.3 2.1 68.6 69.1 7.4 11.6 12.3 3.1 0.612
2660 (Medium)
DPR Korea Not available 25,244 34.0 2.0 66.3 73.3 12.5 19.4 12.0 Not available  Not available
India Lower-middle 1,309,054 26.7 2.5 66.1 68.9 8.9 12.5 12.3 6.4 0.640
1800 (Medium)
Indonesia Lower-middle 258,162 28.0 2.5 66.6 70.7 8.2 13.2 12.8 8.0 0.694
3540 (Medium)
Maldives Upper-middle 418 27.9 2.2 75.4 77.4 6.8 11.7 12.6 6.3 0.717
9760 (High)
Myanmar Lower-middle 52404 27.7 2.3 63.6 67.7 8.9 13.2 10.0 4.9 0.578
1210 (Medium)
Nepal Low 28,656 23.2 2.3 67.6 70.5 8.6 10.8 12.2 4.9 0.574
800 (Medium)
Sri Lanka Lower-middle 20,714 32.3 2.1 71.2 78.0 13.9 21.0 139 10.9 0.770
3850 (High)
Thailand Upper-middle 68,658 37.8 1.5 70.8 77.6 15.8 26.9 14.7 7.6 0.755
5950 (High)
Timor-Leste Lower-middle 1,241 17.4 5.9 66.1 69.5 7.2 6.8 12.8 4.5 0.625
1790 (Medium)
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2.2.2.3 Population ageing in Sri Lanka

Sri Lanka’s ageing population is a positive result of decades-long investment in
education and in healthcare systems since the country’s independence in 1948.
Life expectancy at birth for males and females was 43.3 and 41.6 years
respectively in 1946%° while it has gradually increased up to 71 and 78 years
respectively in 2015, Increasing life expectancy and decreasing fertility rates have
mainly contributed to the increasing proportion of older adults in the total
population and this trend is expected to continue. As a result, Sri Lanka has
become one of the fastest growing ageing populations in South-East Asia.'*!
According to census data, the proportion of the population aged 260 years was
6.6% in 1981. It only took 31 years to double this figure to 12.4% in 2012.%% |t is
expected that in two more decades (by 2041), one quarter of the population will
be aged >60 years in Sri Lanka.’*? In contrast, population ageing in many high-
income countries has happened gradually allowing them to tackle the
consequences of this with continuing economic and social development. For
instance, France took 115 years to double its proportion of population aged >65
years from 7.0% to 14.0%, followed by 85 years in Sweden.'* Therefore, the same
demographic transition that occurred in Western countries over at least one

century is happening in two or three decades in many Asian countries.?

Currently the ageing of the Sri Lankan population is occurring at a lower level of
economic development; economic growth during the last two decades has

fluctuated and has been in a downward trend for the last five years.'* This has
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potential serious economic, health, and social repercussions at the individual,
family and societal levels in near future. Hence, the multiple challenges associated
with population ageing warrant immediate attention and response of many

sectors and stakeholders in Sri Lanka.

2.2.2.4 Healthcare services for older adults

All Sri Lankan citizens have access to a publicly funded standard healthcare
system. The institutions which provide curative care have been classified into
three levels as primary, secondary, and tertiary primarily based on the available
facilities. Primary medical care units only provide outpatient care, and divisional
hospitals mainly provide inpatient and outpatient care with non-specialist doctors
and allied staff. However, there are some divisional hospitals which provide
specialist care conducted by visiting consultants through outreach clinics.
Secondary (Base hospitals and District General hospitals) and tertiary (Provincial
General hospitals and Teaching hospitals) care institutions provide both non-
specialised and specialised care including main and sub specialties (some
institutions only).1* ¢ However, geriatric medicine is not a sub specialty offered

by Sri Lankan hospitals at present.

Public health services at field level are provided through health units commonly
known as Medical Officer of Health (MOH) areas.'*” There are 341 MOH areas in
Sri Lanka and the average population for a MOH area is approximately 60,000.
Each MOH area is headed by a medical officer and supported by field staff. Each

member of the supporting staff: Public Health Nursing Sister, Public Health
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Inspectors, Supervising Public Health Midwife, and Public Health Midwives is also
responsible for a subdivided area of an MOH. The main services provided through
MOH areas include maternal and child health, screening for noncommunicable
diseases, school health inspections, implementation of the Food Act, monitoring

water quality and sanitation, and health promotion activities.'*’

To date, there are no specific health services provided for older adults or those
with frailty. The majority of older adults are treated in the standard public curative
care system. However, most of the patients treated in these specialist health
services (e.g. cancer care, eye care, cardiology, etc.) are older adults.}* Similarly
no public health services are available for older adults at field level. Therefore, the
health problems of older adults are likely to be under-recognised in our health
system.'®® Likewise, many of the health issues in older age have been under

researched and there is a paucity of epidemiological data.!*®

2.2.2.5 Social care services for older adults

The enactment of ‘Protection of the Rights of Elders Act’'* in 2000 led to the
establishment of the National Council for Elders, a National Secretariat for Elders,
a National Fund for Elders, and a Maintenance Board for Elders. The National
Council of Elders represents the social, health, finance, voluntary, and non-
government sectors and promotes and protects the welfare and rights of older
adults in Sri Lanka.®® Subsequently in 2006, the National Charter for Senior

Citizens and National Policy for Senior Citizens Sri Lanka were formed.**°
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The activities conducted by the National Council for Elders include conducting
island- wide awareness programmes for legal empowerment of older adults and
to create general awareness of the challenges of population ageing, conducting
pre-retirement seminars for public sector employees on a healthy and active life,
provision of financial assistance for setting up day-care centres for older adults,
training for the carers of older adults, provision of well-trained home care workers
for a charge (for a fee), providing a 24- hour online psychological counselling
service and weekly counselling sessions, a free legal advice service, a financial
assistance programme for older adults who do not have any income, support for
income generating activities, provision of eye lenses and assistive devices for
older adults with disabilities, issuing special identity cards for older adults to get
preferential treatment when obtaining public services from hospitals, post-
offices, banks, and other public institutions, and published standards for homes
for the aged.™! However, some of these services are not very well known to the
public. Also, each divisional secretariat area has an officer working on social
services overseeing elderly care related matters. However, thus far, caring for
older adults in Sri Lanka remains a prime responsibility of the family members-

mainly children.
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2.2.3 The epidemiology of frailty in Sri Lanka

| found only one potentially relevant study on the epidemiology of frailty from Sri
Lanka®>? before commencement of my PhD. This study was conducted in 1989 and
had used the older conceptualisation of frailty as a more indistinct concept that
overlapped with disability.'>? The findings are therefore not directly comparable
to other more recent methods as described in Section 1.2.4 in Chapter 1 (page 44)
earlier. However, the prevalence of ‘functional frailty’ among older adults
measured with limitations in IADL, BADL, physical strength items, and emotional
limitations in Sri Lanka was reported as 19.9% in this study.'>> When designing this
PhD during 2015 to 2016, other than the aforementioned study, there was no
research available in Sri Lanka on frailty employing one of the two main
approaches used to conceptualise frailty (Section 1.2.2, page 37) or a commonly
agreed conceptual definition of frailty®. Understanding the epidemiology of
frailty (prevalence and factors associated with frailty) in Sri Lanka is therefore an

absolute need in the context of country’s rapidly ageing population.
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2.2.4 The association of frailty with disability in Sri Lanka

Disability is an adverse outcome of frailty according to the Fried conceptualisation
of frailty.!%” The International Classification of Functioning, Disability and Health
defines disability as difficulties faced in any or all three areas of functioning:
impairments (problems in body function and structure), activity limitations
(difficulties an individual has in executing activities), and participation restrictions
(problems an individual may experience in involvement of life situations).'*?
Frailty has been conceptualised as a distinct concept from disability>® although

they often overlap with each other.®°

Many people with frailty also have
disability.®>* Similarly there are many people with a long term disability who do
not have frailty.!>* Frailty is also recognised as a cause of incident and worsening

disability in community-dwelling older adults.t% ¢

There were few studies in the literature estimating the prevalence of disability in
depth (e.g. prevalence of specific IADL and BADL limitations) among frail, pre-frail,
and non-frail community-dwelling older adults. These studies were from Canada,
England, and Egypt**>*” and to the best of my knowledge, there are no studies
estimating the prevalence of frailty and disability simultaneously and investigating
the association between frailty and disability in Sri Lanka or WHO South-East Asia.
The development of disability is a complex process that involves biological and
disease conditions that are integrated into the social and environmental
context.’®® Thus, the strength of the association between frailty and disability

could be influenced by these context specific factors such as education level,
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socioeconomic status, ethnicity, lifestyle factors, and cultural context that shapes
all the aforementioned factors. Given this heterogeneity, it is not possible to
extrapolate the findings from one region or country to other settings. In this
context, understanding the association between frailty and disability among Sri
Lankan community-dwelling older adults is important. In addition, this will
provide better understanding of the IADL and BADL limitations prevalent amongst
this population and help to understand to some extent potential caregiver burden

in older populations in WHO South-East Asia.
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2.2.5 The association of frailty with quality of life in Sri Lanka

Frailty has been shown to increase the risk of several detrimental health
outcomes.?” These poor outcomes along with physical, psychological, and social

risk factors associated with frailty!®

could have negative impacts on the quality of
life (QoL) of older adults. Alternatively, experiencing poor QoL for long periods
could also lead to frailty.'®® Therefore, there could be a bidirectional association
between frailty and QoL. Besides, QoL is particularly important in the context of

frailty as it is associated with several adverse outcomes and many interventions

are being tested currently to prevent or slow down the progression of frailty.

A systematic review and meta-analysis has demonstrated a consistent inverse
association between frailty, pre-frailty, and health-related quality of life
(HRQoL).1%® However, these studies have been limited to high-income countries

162,163 "and USA'®. | found only one study from upper

such as Italy'®, Taiwan
middle-income countries (Mexico)'®> and no studies were found from low-income
or lower middle- income countries. The concepts of QoL and HRQoL are often
used interchangeably.'®® However, QoL is a broad multidimensional construct®’
whereas HRQoL focuses more on the aspects of quality of life that are influenced
by one’s health status directly, excluding non-health dimensions such as home
and neighbourhoods, and financial circumstances. It is widely accepted that the

construct of QoL is strongly influenced by culture.’® Hence, cross-cultural

differences of quality of life may exist. Therefore, QoL measures inform the needs
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of populations, resource allocation, and development of new policies in different

social and cultural contexts.®°

Sri Lanka is a multi-ethnic, multi-cultural, and multi-faith country which has a
deeply rooted culture of caring for older adults predominantly shaped by Buddhist
principles and values. The majority of older Sri Lankan adults are supported within
extended family networks.}’® However, along with the urbanisation, migration,
and changing family structure, these cultural norms are gradually changing.!’
Furthermore, Sri Lanka’s noncommunicable disease burden is rising along with a
rapidly ageing population.'*> 172 The prevalence of depression among older adults
in Sri Lanka is reported to be higher relative to other Asian countries like China,
Japan, South Korea, Malaysia, and Taiwan.'’ Hence, these context-specific micro,
meso, and macro level factors could be positively or negatively contributing to the
Qol of frail older adults. Two recent studies from Sri Lanka reported moderate
levels of QolL'* and poor levels of HRQoL'”> among community-dwelling older
adults. To date, no studies have examined the association between frailty and QoL
in WHO South-East Asia region and in low income or lower middle-income
countries more generally. Understanding the association between frailty and QoL
will inform policy on service delivery to meet the needs of frail older adults in

order to improve QolL.
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2.2.6 Summary

It is clear that population-based epidemiological studies are scarce, and there is
limited research on the different aspects of frailty in the Sri Lankan older
population as well as in low-income and middle-income Asian populations in
general. This PhD has important public health implications as this is the first
attempt towards understanding the epidemiology of frailty and associated

adverse health outcomes in Sri Lanka.
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2.3 Thesis objectives

This PhD thesis is comprised of two main parts. The overall and specific objectives

of each part are stated below.

2.3.1 Part A: a systematic review and meta-analysis

To conduct a systematic review and meta-analysis on prevalence of frailty and
pre-frailty among community-dwelling older adults in low-and middle-income

countries (LMICs).

The specific objectives in Part A include;

i. To systematically review the research conducted on prevalence of frailty

and pre-frailty among community-dwelling older adults in LMICs.

ii. To estimate the pooled prevalence of frailty and pre-frailty in community-

dwelling older adults in LMICs.

iii. To estimate the pooled prevalence of frailty and pre-frailty in LMICs by

frailty assessment method, geographic region, sex, age, and ‘age-and sex’.

iv. To compare the pooled prevalence of frailty and pre-frailty in middle-

income countries with high-income countries.
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2.3.2 Part B: a population-based cross-sectional study

To describe the epidemiology of frailty and its association with disability and
quality of life among rural community-dwelling older adults in Kegalle district of

Sri Lanka.

The specific objectives of Part B include; with a representative sample of rural

community-dwelling older adults in Kegalle district of Sri Lanka:

i To describe the epidemiology of frailty

ii. To evaluate the cross-sectional association of frailty with disability

iii. To evaluate the cross-sectional association of frailty with total and

domain-specific quality of life

Despite increasing research on different aspects of frailty, evidence gaps still
remain. Frailty research is disproportionately concentrated in high-income
countries and it is an extremely under researched area in the rest of the world
where the majority of the world’s population live. Therefore, it is crucial to
understand the epidemiology of frailty in different parts of the world in order to
develop and implement efficient and effective context specific interventions for

the prevention and management of frailty.

92



Chapter 3: Systematic review and meta-analysis of prevalence of frailty
and pre-frailty among community-dwelling older adults in low-and middle-

income countries (LMICs)

3.1 Chapter overview

This chapter presents an introduction, methodology, and findings of the
systematic review and meta-analysis of prevalence of frailty and pre-frailty among
community-dwelling older adults in LMICs, and a discussion including a summary
of the main findings and presents review’s findings relating to existing literature.
This work has been published as a peer-reviewed journal article by Siriwardhana

et al in BMJ Open journal in 2018.17¢
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3.2 Introduction

A systematic review conducted in 2012 reported that the prevalence of frailty
among community-dwelling older adults living in high-income countries (HICs)
ranged from 4.0% to 59.1% using different frailty assessment methods.!*® The
majority of the studies were from North America (n=11) followed by Europe (n=7),
Oceania (n=2), and Asia (n=1).133 The overall weighted prevalence of frailty in this
review was 10.7% and pre-frailty was 41.6%.*3 A cross-country survey conducted
in 10 European countries using the Fried phenotype reported an overall
prevalence of frailty and pre-frailty as 17.0% and 42.3% respectively; between
country differences in frailty prevalence were observed; the highest and lowest
prevalences were reported from Spain (27.3%) and Switzerland (5.8%)
respectively.’”” A higher prevalence of frailty was observed in Southern European
countries within this study (Spain, Italy, France, and Greece). A meta-analysis
comprised of studies conducted in Japan (n=5) reported relatively lower pooled
prevalence of frailty and pre-frailty estimates using the Fried phenotype (7.4% and
48.1% respectively).”® In contrast to the systematic review conducted in HICs and
the European multi-country survey mentioned above, studies included in the
Japanese review reported a narrower range in prevalence from 4.6% to 9.5%.
It is also of note that the aforementioned three studies were based on

community-dwelling older adults aged >65 years.

These cross-country differences in frailty prevalence could be partially explained

by differences in socioeconomic contexts. A cross-sectional analysis of the
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Women’s Health and Aging Studies reported increased odds of frailty for those of
low socioeconomic status even after adjusting for age, ethnicity, chronic disease,
insurance status, and smoking status.'’® Similarly, there is some suggestion of a
socioeconomic gradient in frailty between HICs in Europe; one study including 15
European countries reported a lower mean frailty index in North and Western
Europe compared to lower income countries in Southern and Eastern Europe.®
It has also been found that the survival of frail older adults was higher in countries
with a higher relative income within Europe.’ It is possible that the prevalence
of frailty in low-and middle-income countries (LMICs) is higher than HICs, given a
steeper gradient in income. Alternatively the prevalence may be lower in older
adults living in LMICs with reduced average life expectancies as prevalence of
frailty increases with age.'® A narrative review published in 2015 on frailty in low-
and middle-income (developing) countries found limited availability of studies
and suggested that frailty occurs more frequently in developing countries.!3?
However, no studies were available when designing the present systematic
review collating all the epidemiological findings available from LMICs to describe
the burden of frailty in these countries. This is important to inform healthcare

planning in these countries in the context of world-wide population ageing.
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3.3 Objectives

The overall and specific objectives addressed in this chapter are as follows:

Overall objective

To conduct a systematic review and meta-analysis on prevalence of frailty and
pre-frailty among community-dwelling older adults in low-and middle-income

countries (LMICs).

Specific objectives

i. To systematically review the research conducted on prevalence of frailty

and pre-frailty among community-dwelling older adults in LMICs.

ii. To estimate the pooled prevalence of frailty and pre-frailty in community-

dwelling older adults in LMICs.

iii. To estimate the pooled prevalence of frailty and pre-frailty in LMICs by

frailty assessment method, geographic region, sex, age, and ‘age-and sex’.

iv. To compare the pooled prevalence of frailty and pre-frailty in middle-

income countries with high-income countries.
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3.4 Methodology

The review protocol was registered in PROSPERO (International prospective
register of systematic reviews: number CRD42016036083). The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines

were followed when reporting the present review.®!

3.4.1 Search Strategy for identifying relevant studies

A four step search strategy was conducted. Initially a scoping search was
performed in MEDLINE using OvidSP interface and CINAHL to identify potential
key words used in titles, abstracts, and subject headings to index the articles. At
the second step a comprehensive structured search was performed in six
electronic bibliographic databases. MEDLINE, EMBASE, and AMED databases
using OvidSP interface, Web of Science Core Collection, CINAHL Plus databases,
and WHO Global Health Library were searched from their inception to 12
September 2017. Two concepts: ‘frailty’ and ‘LMICs” were used to develop the
electronic search strategy. The example LMIC filters developed by Cochrane
organisation in 2012 were used with slight modifications.’® The World Bank
country classification issued on 1 July 201783 which is based on 2016 economic
data was used to identify the countries that switched from LMICs to HICs in 2017
or vice versa. Studies in these countries were included only if the country
belonged to the low-and middle-income category during the time of data
collection. The electronic search strategy was first developed for MEDLINE and

then adapted accordingly for other databases with the support of a specialist
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librarian. The electronic search strategy used for MEDLINE database is attached in
Appendix 1 (page 403). In the third stage, reference lists of the selected articles
were scanned to identify additional articles that were not recognised in step two.
At the fourth step, citation searches were performed in the Web of Science. The
search was limited to full-text articles as study quality assessment requires a
detailed description of the study methodology. No language restriction was

imposed on the search.

3.4.2 Eligibility criteria

3.4.2.1 Condition studied

The condition studied was frailty assessed by any frailty assessment method
developed following the introduction of biological and deficit driven approaches

of frailty.

3.4.2.2 Study population

The review was restricted to studies recruiting community-dwelling older adults
aged =60 years living in the LMICs. This age cut-off is in line with the UN definition
of older populations.’* Studies with institutionalised or hospitalised older adults,
nursing home residents, outpatients of primary or secondary care clinics, or older
adults belonging to specific disease groups (e.g. chronic kidney disease, type |l
diabetes, and osteoarthritis), and specific populations (e.g. navy veterans) were

excluded.
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3.4.2.3 Types of studies included

Cross-sectional studies conducted to assess the prevalence and associated factors
of frailty, prospective follow-up studies that have baseline prevalence of frailty,
and cross-sectional studies conducted to explore the association of frailty with
some other health variable(s) or disease(s) (e.g. haemoglobin level and cardio

vascular risk factors) were included in the present review.

3.4.3 Study selection

All the identified citations were exported into EndNote X8 and duplicates were
removed. The auto-deduplication function and hand searching were used to
remove the duplicates. In the first stage, the title and abstract of the citations
were screened against inclusion and exclusion criteria to identify potentially
eligible citations. In the second stage, full-texts of potentially eligible articles were
retrieved. Two reviewers independently reviewed the full-text articles to identify
the articles meeting eligibility criteria (myself and a senior research fellow (SH)).
If multiple studies were available from the same cohort, the study with the largest
sample and most information was included in the review. Disagreement between
the reviewers was resolved through discussions and consulting other supervisors

in the supervisory panel (KW, GR, and MCW).

3.4.4 Assessment of methodological quality of the studies

Selected articles were subjected to a quality assessment. Methodological rigour

of the articles was assessed using eight criteria proposed by Loney et al*®® for the
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critical appraisal of prevalence literature. It includes: (i) studying a random sample
or whole population; (ii) use of an unbiased sampling frame (i. e. census); (iii)
having an adequate sample size (>300 subjects); (iv) use of standard measures; (v)
outcomes measured by unbiased assessors; (vi) having an adequate response rate
(70.0%), and description of those who refused to participate; (vii) reporting
confidence intervals, and subgroup analysis; and (viii) description of study
participants. Criteria (vi) and (vii) are comprised of two sub-criteria. Hence, 0.5
was allocated to each sub-criterion. Other criteria were weighted equally giving
one point and the maximum total was eight points. If a study achieved three

criteria or less (low study quality) it was excluded from the review.

3.4.5 Data extraction

Data from the studies were extracted using a piloted electronic data extraction
form developed in Microsoft Excel 2013. Extracted data included information on
study background (authors and year of publication, data source, study setting, and
study period); characteristics of the population (percentage of females in the
study sample, mean age, age range, and number of frail and pre-frail participants
in the total sample and by age-and-sex); study methodology (study design,
effective sample, sampling technique, and frailty assessment method); and study
strengths and limitations. | (primary reviewer) assessed the study quality of all
selected articles and extracted data from all the articles that passed the
methodological quality assessment. The second reviewer (SH) assessed the study

quality of a random 10.0% of articles and extracted data from a random 10.0% of
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articles eligible to be included in the review. Discrepancies were checked across
both reviewers. Corresponding authors of the studies were contacted requesting

additional data required for subgroup analysis.

3.4.6 Data synthesis and statistical analyses

Inter-rater agreement between the reviewers during the study selection process
was assessed using the Cohen’s Kappa coefficient.’®® The PRISMA study flow
diagram was used to visualise each stage of the study selection process. Results
of the study quality assessment were summarised in a table and described using
range, mean, and the standard deviation (SD). The results of the systematic review
were presented in tabular format and narratively synthesised. All statistical
analyses were performed in Stata version 14 (StataCorp, College Station, Texas,

USA).

3.4.6.1 Meta-analysis of prevalence of frailty and pre-frailty

A random-effects meta-analysis with 95% confidence interval (95% Cl) was
performed to calculate the pooled prevalence of frailty and pre-frailty. Arandom-
effects model was chosen as there is variation in the true prevalence from one
study to another. Besides this there was considerable heterogeneity of the study
characteristics including recruitment age, frailty assessment method, frailty cut-
offs, and geography. When a study had used multiple assessment methods for
frailty, the prevalence presented using the Fried phenotype was used for the

meta-analysis as it was the most commonly used frailty assessment method in the
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literature.®? The analysis was performed on Freeman-Tukey double arcsine
transformed proportions to stabilise the variance.'®” Results were presented using
forest plots. The main meta-analysis and subgroup analysis excluded three
studies, two studies with minimum recruitment age of >80 years and another
study with minimum recruitment age 290 years (due to their expected higher
prevalence rates for frailty). The findings from these studies were reported

separately.

Cochran’s Q statistic was used to assess heterogeneity between the studies.
p<0.05 was considered as evidence of heterogeneity. The I statistic was further
used to quantify the magnitude of the heterogeneity. I? values of 25.0%, 50.0%,
and 75.0% were considered as being of low, moderate, and high heterogeneity
respectively.’®® Funnel plots were used to visually inspect the existence of
reporting biases and/or between study heterogeneity. In the absence of biases
and/or between study heterogeneity, funnel plots typically resemble a
symmetrical inverted funnel shape.'® However, this eye ball test is subjective.
Hence, | used Egger's weighted regression test to measure the degree of funnel
plot asymmetry. The null hypothesis for Egger’s test is that symmetry exists in the

funnel plot. 190 191

3.4.6.2 Subgroup analyses

The prevalence of frailty status is dependent on the frailty assessment method
used. Cross-country studies have also reported differences of frailty prevalence

estimates within the same geographic region.'’” 9 The prevalence of frailty is
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typically higher among females compared with males, and increases with
advancing age.'*® Socioeconomic status and a country’s income level are also
typically associated with frailty status.'’® 18 Thus, performing a series of subgroup

analyses according to these characteristics was decided a priori.

The frailty assessment methods considered in the subgroup analysis were: (i)
Fried phenotype with five components where weakness and slowness were
assessed objectively using grip strength and gait speed respectively, (ii) Fried
phenotype with five components where weakness and slowness were assessed
using self-reported questions (subjective), (iii) Fried phenotype with four
components, (iv) Edmonton Frail Scale (EFS), (v) Frailty Index, and (vi) FRAIL scale.
If the same cohort of participants had been assessed using different frailty
assessment methods, that information was used in this subgroup analysis. Studies
that used different frailty assessment methods to those mentioned above were
excluded from the subgroup analysis as they could not be grouped into a
particular category (e.g. Study of Osteoporotic Fractures (SOF) frailty index, Cuban
frailty criteria, and Brief Frailty instrument for Tanzania (B-FIT)). Subgroup analysis
by geographic region: Latin America and the Caribbean, and Asia was also
performed. Two studies, one from Russia and the other from Tanzania, were
excluded from the analysis as they do not belong to the aforementioned
geographic regions. Further subgroup analyses were performed using the
following grouping variables: sex, age group (60-64, 65-69, 70-74, 75-79, 80-84,

and 285 years) and ‘age-and sex’. This analysis was limited to studies which had
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employed the Fried phenotype with five components where weakness and
slowness were assessed using objective tests. A two sample proportion test was

used to compare the prevalence of frailty and pre-frailty by sex.

3.4.6.3 Comparison of the pooled prevalence of frailty and pre-frailty of

middle-income countries with HICs

For this analysis published data from a systematic review on prevalence of frailty
which includes HICs only was used.!3® Of the included studies, 14 had used the
Fried phenotype frailty assessment method. The random-effects pooled
prevalence of frailty and pre-frailty was calculated only with the studies that had
used the Fried phenotype-weakness and slowness assessed using objective tests
(10 studies 1084 192199) The minimum recruitment age of the participants included
in this review was 65 years. For a fair comparison with HIC studies, random-effects
pooled prevalence of frailty and pre-frailty was estimated only with the studies of
minimum recruitment age 65 years that had used the same assessment method
in the present review (13 studies). Except for one study from India (lower middle-
income country) all the other studies were from upper middle-income countries.
Therefore, the random-effects pooled prevalence of frailty and pre-frailty was
calculated both including and excluding the Indian study from the analysis. A two-
sample proportion test was performed to compare the prevalence rates of HICs

and middle-income countries.
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3.4.6.4 Meta-regression

Random-effects univariable and multivariable meta-regression were performed
to identify the potential sources of heterogeneity: demographic, geographical,
and methodological differences between the studies.?® Three studies which used
SOF frailty index, Cuban frailty criteria, and B-FIT were excluded from the analysis.
The following explanatory variables were included in the models: mean age;
percentage of females in the study sample; study quality assessment score; World
Bank region classification (Latin America and the Caribbean, East Asia and Pacific,
Europe and Central Asia, and South Asia); and frailty assessment method (Fried
phenotype with five components where weakness and slowness assessed
objectively using grip strength and gait speed respectively, Fried phenotype with
five components where weakness and slowness assessed using self-reported
questions (subjective), Fried phenotype assessed with only with four of the five
components, Edmonton Frail Scale (EFS), and frailty index). All the variables were
included in the multivariable model irrespective of their significance (p value) in

the univariable analysis.

105



3.5 Results

3.5.1 Results of the systematic review

3.5.1.1 Study selection

The search yielded 10,253 records, with 7,057 records left after removing
duplicates. Fifty six studies meeting all eligibility criteria were included in the
present systematic review (Figure 3.1, page 107). 47 and 42 studies were included
in the meta-analysis of frailty and pre-frailty respectively. The agreement
between the two raters at the study selection stage was high with a kappa value

of 0.84 (95% Cl: 0.72, 0.90).
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Figure 3.1 PRISMA flow diagram for study selection
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Note: Figure was taken from a published paper by Siriwardhana et al'’®.
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3.5.1.2 Study quality assessment

The study quality assessment score of the studies included in the review ranged
from 3.5 to 7.5, with a mean (SD) score of 6.0 (1.1). Quality assessment results of

the studies are presented in Appendix 2 (page 406).

3.5.1.3 Study characteristics

The characteristics of studies included in the systematic review (n=56) are
described in the table in Appendix 3 (page 409). The oldest research study was
published in 2008. Fifty studies have been published between 2012 and 2017. The
majority of the studies were from the Latin America and the Caribbean region,
predominantly from Brazil (Table 3.1, page 109). Geographical distribution of the
studies included the present systematic review according to World Bank country

classification by region is visualised in a world map in Figure 3.2 (page 110).
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Table 3.1 Geographic distribution of the studies included in the present systematic

review according to World Bank country classification by region

World Bank country Country Number
classification of studies

Latin America and the Caribbean
Brazil 24
Mexico
Colombia
Costa-Rica
Cuba
Ecuador

N I e

Multi-country study (Barbados,

Brazil, Chile, Cuba, and Mexico)
East Asia and Pacific

China 8

Malaysia 2
Europe and Central Asia

Russian Federation

Turkey
Middle East and North Africa

Lebanon 1
South Asia

India 1
Sub-Saharan Africa

Tanzania 1
Multi-country study

Cuba, Dominican Republic, Mexico, 1

Peru, Venezuela, China, and India
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Figure 3.2 Geographic distribution of the studies included in the present systematic review according to World Bank country classification

by region
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Most of the studies had used data from large population-based cross-sectional or
longitudinal studies on ageing. The most commonly used studies were Network
Studies on the Frailty of Elderly Brazilians (REDE FIBRA): a multi-centre study
encompassing 17 Brazilian cities with different human development levels;
Health, Wellbeing and Ageing (SABE): a multi-centre cross-sectional study
conducted in seven Latin American and Caribbean cities; Mexican Health and
Aging Study (MHAS): Mexican study of Nutritional and Psychosocial Markers of
Frailty; Study on Aging and Dementia in Mexico (SADEM); Chinese Longitudinal
Health and Longevity Study (CLHLS). The present review has also included the

results of different waves of SABE (Sao Paulo, Brazil) and MHAS.

Five studies did not mention the sampling technique used to select the study
participants. Two studies used non-probability sampling where all the other
studies used probability sampling or census. Two studies were based on nationally
representative samples from Mexico and China. The sample size of the studies
varied (range 54 to 12,373) and the minimum recruitment age of the study
participants varied from 60 to 90 years. The minimum age at recruitment of the
study participants was 60 years in 30 studies, 65 years in 19 studies, 70 years in 4
studies, 80 years in 2 studies, and 90 years in one study. Fifty two studies reported
the percentage of females in the study samples and this varied from 48.1% to
100.0%, with more than half of participants being females in all except three

studies. Of 56 studies, 42 reported the mean age of the participants, which ranged
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from 68.2 to 77.2 years. This excludes three studies with minimum recruitment

age 280 years (two studies) and 290 years (one study).

Studies used various frailty assessment methods. The Fried phenotype was the
most extensively used method. However, researchers had operationalised the
Fried phenotype differently. Three broad categories were identified based on the
number of phenotypic components used and measures used to operationalise
those components. Thirty studies used Fried phenotype with five components-
weakness and slowness assessed using objective tests. Three studies used Fried
phenotype with five components-weakness and slowness assessed using self-
reported questions (subjective), and another two studies used Fried phenotype
assessed with only with four of the five components. The other assessment
methods included the Edmonton Frail Scale (EFS) (n=6), Frailty Index (n=6), Brief
Frailty Instrument for Tanzania: B-FIT (n=1), Cuban frailty criteria (n=1), five
physical tests (n=1), FRAIL scale (n=1), and SOF frailty index (n=1). Four used
multiple assessment methods. For more details please refer to table in Appendix

3 (page 409).

3.5.1.4 Prevalence of frailty and pre-frailty

Irrespective of the frailty assessment method, the prevalence of frailty varied
from 3.9% in China (Fried phenotype with five components-weakness and
slowness assessed using objective tests) to 51.4% in Cuba (Cuban frailty criteria).
The prevalence of pre-frailty ranged from 13.4% in Tanzania (B-FIT) to 71.6% in

Brazil (Fried phenotype with five components-weakness and slowness measured
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objectively) for the studies with minimum recruitment age 60 years, 65 years, and
70 years. A study with participants aged >80 years did not report a cut-off value
for the frailty index to define frail participants. Instead, the authors reported six
levels based on the value of the frailty index and the percentage of participants
belonging to each level. The other study with participants aged >80 years reported
14.8% and 63.8% of participants as frail and pre-frail respectively using Fried
phenotype with five components-weakness and slowness assessed using
objective tests. There was one study with participants aged 290 years, reporting
61.8% participants as frail using the frailty index (the % of pre-frail was not
reported). When restricting to the studies that used Fried phenotype with five
components-weakness and slowness assessed objectively, the prevalence of
frailty varied from 3.9% in China to 26.0% in India. The prevalence of pre-frailty
varied from 40.7% to 71.6% in Brazil. Please refer to table in Appendix 3 (page

409) for more information.
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3.5.2 Results of the meta-analysis

3.5.2.1 Study characteristics

Descriptions of studies included in the meta-analysis are presented in Table 3.2
(page 115). Of 56 studies included in the systematic review, 47 were included in
the meta-analysis. The majority of the studies were from the Latin America and
Caribbean region (n=32) followed by East Asia and Pacific (n=8), Europe and
Central Asia (n=2), and one study each from the Middle-East and North Africa,
South Asia, and Sub-Saharan Africa. Only one study was from a low-income
country (Tanzania). Two prevalence estimates were available from a lower
middle-income country (India). All the other studies were from upper middle-
income countries. The minimum study recruitment age was 60, 65, and 70 years
in 25, 18, and 4 studies respectively. Four studies did not mention the sampling
technique used to select the study participants. Two studies used non-probability
sampling whilst all the other studies used probability sampling or census. Twenty
eight studies used Fried phenotype with five components-weakness and slowness
assessed using objective tests. Three studies used Fried phenotype with five
components-weakness and slowness assessed using self-reported questions
(subjective) and another three studies with Fried phenotype only with four
components. Other frailty assessment methods used by the studies include EFS
(n=6), frailty index (n=3), B-FIT (n=1), Cuban frailty criteria (n=1), and SOF frailty

index (n=1).
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Table 3.2 Characteristics of the studies included in the meta-analysis of prevalence of frailty and pre-frailty among community-dwelling

older adults in LMICs

Authors and year of Country World Bank region World Bank Age Frailty Effective Prevalence (%)
publication classification income (years) assessment sample Frailty Pre-frailty
classification method

Tribess et al, 20122% Brazil Latin America and Upper middle >60 Fried 622 19.9 49.8
the Caribbean income phenotype*

Junior et al, 2014%% Brazil Latin America and Upper middle >60 Fried 286 23.8 58.7
the Caribbean income phenotype*

Pegorari et al, 2014>% Brazil Latin America and Upper middle >60 Fried 958 12.8 54.5
the Caribbean income phenotype*

Santos et al, 20152 Brazil Latin America and Upper middle > 60 Fried 136 16.9 61.8
the Caribbean income phenotype*

Closs et al, 2016%% Brazil Latin America and Upper middle > 60 Fried 521 21.5 51.1
the Caribbean income phenotype*

Mello et al, 20172 Brazil Latin America and Upper middle >60 Fried 137 12.4 61.3
the Caribbean income phenotype*

de Albuquerque Brazil Latin America and Upper middle 265 Fried 391 17.1 60.1

Sousa et al, 201227 the Caribbean income phenotype*

dos Santos Amaral et Brazil Latin America and Upper middle 265 Fried 295 18.6 55.3

al, 201328 the Caribbean income phenotype*

Moreira et al, 20132 Brazil Latin America and Upper middle >65 Fried 754 9.5 47.5
the Caribbean income phenotype*
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Table 3.2 continued. Characteristics of the studies included in the meta-analysis of prevalence of frailty and pre-frailty among community-

dwelling older adults in LMICs

Authors and year of Country World Bank region World Bank Age Frailty Effective Prevalence (%)
publication classification income (years) assessment sample Frailty Pre-frailty
classification method

Neri et al, 2013%° Brazil Latin America and Upper middle >65 Fried 720 10.8 48.2

(Belem) the Caribbean income phenotype*

Neri et al, 2013210 Brazil Latin America and Upper middle >65 Fried 431 9.7 55.5

(Parnaiba) the Caribbean income phenotype*

Neri et al, 2013%° Brazil Latin America and Upper middle >65 Fried 395 8.9 51.4

(Campina Grande) the Caribbean income phenotype*

Neri et al, 2013%° Brazil Latin America and Upper middle >65 Fried 388 9.3 53.4

(Pocos de Caldas) the Caribbean income phenotype*

Neri et al, 2013%° Brazil Latin America and Upper middle >65 Fried 384 8.1 54.9

(Ermelino Matarazzo) the Caribbean income phenotype*

Neri et al, 2013210 Brazil Latin America and Upper middle > 65 Fried 898 7.7 52.2

(Campinas) the Caribbean income phenotype*

Neri et al, 2013210 Brazil Latin America and Upper middle >65 Fried 197 8.6 47.7

(Ivoti) the Caribbean income phenotype*

Vieira et al, 2013211 Brazil Latin America and Upper middle >65 Fried 601 8.7 46.3
the Caribbean income phenotype*

Ricci et al, 2014212 Brazil Latin America and Upper middle >65 Fried 761 9.7 48.0
the Caribbean income phenotype*
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Table 3.2 continued. Characteristics of the studies included in the meta-analysis of prevalence of frailty and pre-frailty among community-

dwelling older adults in LMICs

Authors and year of Country World Bank region World Bank Age Frailty Effective Prevalence (%)
publication classification income (years) assessment sample Frailty Pre-frailty
classification method

Silveira et al, 20153 Brazil Latin America and Upper middle >65 Fried 54 11.1 46.2
the Caribbean income phenotype*

Calado et al, 2016%* Brazil Latin America and Upper middle > 65 Fried 385 9.1 49.6
the Caribbean income phenotype*

Augusti et al, 2017215 Brazil Latin America and Upper middle > 65 Fried 306 21.5 71.6
the Caribbean income phenotype*

Ferriolli et al, 201726 Brazil Latin America and Upper middle >65 Fried 556 12.1 66.9

(Recife) the Caribbean income phenotype*

Ferriolli et al, 201726 Brazil Latin America and Upper middle >65 Fried 412 15.5 63.1

(Juiz de Fora) the Caribbean income phenotype*

Ferriolli et al, 2017%¢ Brazil Latin America and Upper middle > 65 Fried 481 10.4 63.6

(Fortaleza) the Caribbean income phenotype*

Ocampo-Chaparro et Colombia Latin America and Upper middle 260 Fried 314 12.7 713

al, 201327 the Caribbean income phenotype*

Curcio et al, 201418 Colombia Latin America and Upper middle >60 Fried 1,878 12.2 53.0
the Caribbean income phenotype*

Samper-Ternent et al, Colombia Latin America and Upper middle 260 Fried 1,442 9.4 52.4

2016%¥° the Caribbean income phenotype*
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Table 3.2 continued. Characteristics of the studies included in the meta-analysis of prevalence of frailty and pre-frailty among community-

dwelling older adults in LMICs

Authors and year of Country World Bank region World Bank Age Frailty Effective Prevalence (%)
publication classification income (years) assessment sample Frailty Pre-frailty
classification method
Sanchez-Garcia Mexico Latin America and Upper middle > 60 Fried 1,252 11.2 50.3
etal, 2017%%° the Caribbean income phenotype*
Moreno-Tamayo et al, Mexico Latin America and Upper middle >70 Fried 657 11.9 51.9
20172 the Caribbean income phenotype*
Chen et al, 2015222 China East Asia and Upper middle >60 Fried 604 12.7 56.5
Pacific income phenotype*
Wu et al, 2017%% China East Asia and Upper middle > 60 Fried 5,290 6.3 51.3
Pacific income phenotype*
Dong et al, 2017%%* China East Asia and Upper middle >60 Fried 1,188 3.9 45.9
Pacific income phenotype*
Wang et al, 20152% China East Asia and Upper middle > 65 Fried 316 14.2 49.1
Pacific income phenotype*
Badrasawi et al, Malaysia East Asia and Upper middle 260 Fried 473 8.9 61.7
2017%%6 Pacific income phenotype*
Kashikar et al, 2016%*’ India South Asia Lower middle > 65 Fried 250 26.0 63.6
income phenotype*
Gurina et al, 2011°%° Russia Europe and Central Upper middle 265 Fried 611 21.1 63.0
Asia income phenotype*

118



Table 3.2 continued. Characteristics of the studies included in the meta-analysis of prevalence of frailty and pre-frailty among community-

dwelling older adults in LMICs

Authors and year of Country World Bank region World Bank Age Frailty Effective Prevalence (%)

publication classification income (years) assessment sample Frailty Pre-frailty
classification method

Alvarado et al, 20082% | Barbados Latin America and Upper middle >60 Fried phenotypet 1,446 26.7 54.4

(SABE wave 1) the Caribbean income

Alvarado et al, 20082 Brazil Latin America and Upper middle >60 Fried phenotypet 1,879 40.6 48.8

(SABE wave 1) the Caribbean income

Alvarado et al, 2008%% Chile Latin America and Upper middle >60 Fried phenotypet 1,220 42.6 51.4

(SABE wave 1) the Caribbean income

Alvarado et al, 2008%% Cuba Latin America and Upper middle >60 Fried phenotypet 1,726 39.0 51.6

(SABE wave 1) the Caribbean income

Alvarado et al, 2008%% Mexico Latin America and Upper middle >60 Fried phenotypet 1,063 39.5 49.0

(SABE wave 1) the Caribbean income

Aguilar-Navarro et al, Mexico Latin America and Upper middle 260 Fried phenotypet 5,644 37.2 51.3

2015%° the Caribbean income

(MHAS wave 1)

Avila-Funes et al, Mexico Latin America and Upper middle 270 Fried phenotypet 927 14.1 37.3

2016%° the Caribbean income

Sanchez-Garcia et al, Mexico Latin America and Upper middle 260 Fried phenotype® 1,933 15.7 333

2014%1 the Caribbean income
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Table 3.2 continued. Characteristics of the studies included in the meta-analysis of prevalence of frailty and pre-frailty among community-

dwelling older adults in LMICs

Authors and Country World Bank region World Bank Age Frailty Effective Prevalence (%)
year of classification income (years) assessment sample Frailty Pre-frailty
publication classification method

Akin et al, Turkey Europe and Central Upper middle >60 Fried phenotype# 848 27.8 34.8
2015°% (KEHES) Asia income

Zhu et al, China East Asia and Pacific | Upper middle >70 Fried phenotype# 1,478 12.0 42.9
20167 income

Jotheeswaran China (Urban) East Asia and Pacific | Upper middle > 65 Fried phenotypet 989 7.8 -
et al, 2015% income

Jotheeswaran China (Rural) East Asia and Pacific | Upper middle > 65 Fried phenotypet 1,002 8.7 -
et al, 2015% income

Jotheeswaran Cuba (Urban) Latin America and Upper middle 265 Fried phenotypet 2,637 21.0 -
et al, 2015% the Caribbean income

Jotheeswaran Dominican Latin America and Upper middle 265 Fried phenotypet 1,706 34.6 -
et al, 2015% Republic (Urban) the Caribbean income

Jotheeswaran India (Urban) South Asia Lower middle > 65 Fried phenotypet 748 11.4 -
et al, 2015% income

Jotheeswaran Mexico (Urban) Latin America and Upper middle 265 Fried phenotypet 909 10.1 -
et al, 2015% the Caribbean income

Jotheeswaran Mexico (Rural) Latin America and Upper middle 265 Fried phenotypet 933 8.5 -
et al, 2015% the Caribbean income
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Table 3.2 continued. Characteristics of the studies included in the meta-analysis of prevalence of frailty and pre-frailty among community-

dwelling older adults in LMICs

Authors and year Country World Bank region World Bank Age Frailty Effective Prevalence (%)
of publication classification income (years) assessment sample Frailty Pre-frailty
classification method

Jotheeswaran et al, | Peru (Urban) Latin America and Upper middle > 65 Fried phenotypet 1,245 25.9 -

2015% the Caribbean income

Jotheeswaran et al, Peru (Rural) Latin America and Upper middle > 65 Fried phenotype* 507 17.2 -

2015% the Caribbean income

Jotheeswaran et al, Venezuela Latin America and Upper middle 265 Fried phenotypet 1,697 11.0 -

2015% (Urban) the Caribbean income

Fhon et al, 20123 Brazil Latin America and Upper middle >60 EFS 240 39.2 24.6
the Caribbean income

Agreli et al, 2013234 Brazil Latin America and Upper middle >60 EFS 103 30.1 22.3
the Caribbean income

Duarte et al, Brazil Latin America and Upper middle 260 EFS 166 39.2 21.7

2013%° the Caribbean income

Del Brutto et al, Ecuador Latin America and Upper middle 260 EFS 298 31.2 22.0

2016%¢ the Caribbean income

Fabricio-Wehbe et Brazil Latin America and Upper middle 265 EFS 137 31.4 20.4

al, 200952 the Caribbean income

Carneiro et al, Brazil Latin America and Upper middle 265 EFS 511 41.3 -

2016%7 the Caribbean income
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Table 3.2 continued. Characteristics of the studies included in the meta-analysis of prevalence of frailty and pre-frailty among community-

dwelling older adults in LMICs

Authors and year Country World Bank region World Bank Age Frailty Effective Prevalence (%)
of publication classification income (years) assessment sample Frailty Pre-frailty
classification method

Woo et al, 201523 China (urban) | East Asia and Pacific | Upper middle >65 Frailty Index 6,320 17.0 -
income

Woo et al, 201523 China (rural) | East Asia and Pacific | Upper middle > 65 Frailty Index 978 5.2 -
income

Sathasivam et al, Malaysia East Asia and Pacific | Upper middle 260 Frailty Index 789 5.7 67.7

20157 income

Perez-Zepeda et al, Mexico Latin America and Upper middle > 60 Frailty index 7,108 45.2 -

20167 the Caribbean income

Galban et al, Cuba Latin America and Upper middle > 60 Cuban frailty 541 51.4 -

2009% the Caribbean income criteria

Boulos et al, Lebanon Middle East and Upper middle 265 SOF frailty index 1,120 36.4 30.4

2016%* North Africa income

Gray et al, 2017%4 Tanzania Sub-Saharan Africa Low income >70 B-FIT 941 4.6 13.4

*Fried phenotype with five components-weakness and slowness assessed using objective tests.

tFried phenotype with five components-weakness and slowness assessed using self-reported questions (subjective).

¥Fried phenotype with four components.

B-FIT-Brief Frailty Instrument for Tanzania; EFS-Edmonton Frail Scale; SOF frailty index-Study of Osteoporotic Fractures frailty index
KEHES-Kayseri Elderly Health Study; MHAS-Mexican Health and Aging Study; SABE-Health, Wellbeing and Ageing Study

Note: Table was taken from a published paper by Siriwardhana et al'’®.
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3.5.2.2 Pooled prevalence of frailty and pre-frailty

Frailty

Sixty nine prevalence estimates (47 studies), corresponding to a total of 75,133
community-dwelling older adults, were included in the frailty meta-analysis.
Three studies were multi-centre studies and another two were multi-country
studies. Therefore, the number of prevalence estimates exceeded the number of
studies. The random-effects pooled prevalence of frailty in community-dwelling
older adults in LMICs was 17.4% (95% Cl: 14.4%, 20.7%). Cochran’s Q and I?
indicated high heterogeneity between the included studies (Q=8756.8, df=68,
p<0.001; 1>°=99.2%) (Figure 3.3, page 124). Funnel plot asymmetry (Figure 3.4,
page 125) revealed evidence of reporting biases and/or between study
heterogeneity. Results of Egger's weighted regression test further confirmed the

funnel plot asymmetry (p=0.042).
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Figure 3.3 Random-effects pooled prevalence of frailty among community-

dwelling older adults in low-and middle-income countries

Effective %
Authors and year of publication sample Frailty ES (95% Cl) Weight!
Tribess et al, 2012 622 124 l—‘— 0.20(0.17,0.23) 1.46
Junior et al, 2014 286 68 ! — 0.24 (0.19,0.29) 1.43
Pegorari et al, 2014 958 123 - ! 0.13(0.11,0.15) 1.46
Santos et al, 2015 136 23 —_— 0.17 (0.12,0.24) 1.39
Closs et al, 2016 521 112 | —— 0.21(0.18,0.25) 1.45
Mello et al, 2017 137 17 —— 0.12 (0.08,0.19) 1.39
de Albuquerque Sousa et al, 2012 391 67 —— 0.17 (0.14,0.21) 1.45
dos Santos Amaral et al, 2013 295 55 —— 0.19(0.15,0.23) 1.44
Moreira et al, 2013 754 72 - ! 0.10(0.08,0.12) 1.46
Neri et al, 2013 (Belem) 720 78 —— ! 0.11(0.09,0.13) 1.46
Neri et al, 2013 (Parnaiba) 431 42 —— | 0.10 (0.07,0.13) 1.45
Neri et al, 2013 (Campina Grande) 395 35 —— | 0.09 (0.06,0.12) 1.45
Neri et al, 2013 (Pocos de Caldas) 388 36 —— 1 0.09 (0.07,0.13) 1.45
Neri et al, 2013 (Ermelino Matarazzo) 384 31 —— \ 0.08 (0.06,0.11) 1.44
Neri et al, 2013 (Campinas) 898 69 - 0.08 (0.06,0.10) 1.46
Neri et al, 2013 (Ivoti) 197 17 —_—— ! 0.09 (0.05,0.13)  1.42
Vieira et al, 2013 601 52 - I 0.09 (0.07,0.11) 1.46
Ricci et al, 2014 761 74 —— 1 0.10 (0.08,0.12) 1.46
Silveira et al, 2015 54 6 —_— 0.11 (0.05,0.22) 1.28
Calado et al, 2016 385 35 —_ 1 0.09 (0.07,0.12) 1.44
Augusti et al, 2017 306 66 I_._ 0.22(0.17,0.27) 1.44
Ferriolli et al, 2017 (Recife) 556 67 —— 0.12 (0.10,0.15) 1.45
Ferriolli et al, 2017 (Juiz de Fora) 412 64 —.—l— 0.16 (0.12,0.19) 1.45
Ferriolli et al, 2017 (Fortaleza) 481 50 —— I 0.10 (0.08,0.13) 1.45
Ocampo-Caparro et al, 2013 314 40 —— | 0.13(0.09,0.17) 1.44
Curcio et al, 2014 1878 228 - | 0.12(0.11,0.14) 1.47
Samper-Ternent et al, 2016 1442 135 - 1 0.09 (0.08,0.11) 1.47
Sanchez-Garcia et al, 2017 1252 140 - | 0.11(0.10,0.13) 1.47
Moreno-Tamayo et al, 2017 657 78 —— 0.12 (0.10,0.15) 1.46
Chen et al, 2015 604 77 —_ ! 0.13(0.10,0.16) 1.46
Wu et al, 2017 5290 333 < 1 0.06 (0.06,0.07) 1.47
Dong et al, 2017 1188 46 - 1 0.04 (0.03,0.05) 1.47
Wang et al, 2015 316 45 —_—— 0.14 (0.11,0.19) 1.44
Badrasawi et al, 2017 473 42 —— 1 0.09 (0.07,0.12) 1.45
Kashikar et al, 2016 250 65 1 —_— 0.26 (0.21,0.32) 1.43
Gurina et al, 2011 611 129 —— 0.21(0.18,0.25) 1.46
Alvarado et al, 2008 (Barbados) 1446 386 ! —_—— 0.27 (0.24,0.29) 1.47
Alvarado et al, 2008 (Brazil) 1879 762 1 —— 0.41(0.38,0.43) 1.47
Alvarado et al, 2008 (Chile) 1220 520 | —— 0.43 (0.40,0.45) 1.47
Alvarado et al, 2008 (Cuba) 1726 674 1 —— 0.39(0.37,0.41) 1.47
Alvarado et al, 2008 (Mexico) 1063 420 1 —— 0.40(0.37,0.42) 1.46
Aguilar-Navarro et al, 2015 5644 2102 | - 0.37 (0.36,0.39) 1.47
Avila-Funes et al, 2016 927 131 —— 0.14(0.12,0.17) 1.46
Sanchez-Garcia et al, 2014 1933 304 -Q-' 0.16 (0.14,0.17) 1.47
Akin et al, 2015 848 236 1 —— 0.28(0.25,0.31) 1.46
Zhu et al, 2016 1478 177 - 1 0.12(0.10,0.14) 1.47
Jotheeswaran et al, 2015 (China) 989 77 - | 0.08 (0.06,0.10) 1.46
Jotheeswaran et al, 2015 (China) 1002 87 - 1 0.09 (0.07,0.11) 1.46
Jotheeswaran et al, 2015 (Cuba) 2637 554 \ - 0.21(0.19,0.23) 1.47
Jotheeswaran et al, 2015 (Dominic. Rep.) 1706 591 - 0.35(0.32,0.37) 1.47
Jotheeswaran et al, 2015 (India) 748 85 — ! 0.11(0.09,0.14) 1.46
Jotheeswaran et al, 2015 (Mexico) 909 92 —— I 0.10(0.08,0.12) 1.46
Jotheeswaran et al, 2015 (Mexico) 933 79 - I 0.08 (0.07,0.10) 1.46
Jotheeswaran et al, 2015 (Peru) 1245 323 1 —_—— 0.26 (0.24,0.28) 1.47
Jotheeswaran et al, 2015 (Peru) 507 87 —— 0.17 (0.14,0.21) 1.45
Jotheeswaran et al, 2015 (Venezuela 1697 187 - | 0.11(0.10,0.13) 1.47
Fhon et al, 2012 240 94 — 0.39(0.33,0.45) 1.43
Agreli et al, 2013 103 31 ! —_—— 0.30(0.22,0.40) 1.37
Duarte et al, 2013 166 65 1 L — — 0.39(0.32,0.47) 1.41
Del Brutto et al, 2016 298 93 I e ] 0.31(0.26,0.37) 1.44
Fabrico-Wehbe et al, 2009 137 43 | —— 0.31(0.24,0.40) 1.39
Carneiro et al, 2016 511 211 | —_— 0.41(0.37,0.46) 1.45
Woo et al, 2015 6320 1077 E 0.17 (0.16,0.18)  1.47
Woo et al, 2015 978 51 - . 0.05(0.04,0.07) 1.46
Sathasivam et al, 2015 789 45 - ! 0.06 (0.04,0.08) 1.46
Perez-Zepeda et al, 2016 7108 3213 I - 0.45 (0.44,0.46) 1.47
Galban et al, 2009 541 278 I —_— 0.51(0.47,0.56) 1.45
Boulos et al, 2016 1120 408 1 —_—— 0.36(0.34,0.39) 1.47
Gray et al, 2017 941 43 - 0.05 (0.03,0.06) 1.46
Overall (12 = 99.22%, p = 0.00) ¢ 0.17(0.14,0.21)  100.00
1
| | | I
0 .2 4 .6
ES (95% Cl)=Prevalence of frailty with 95% confidence interval

Note: Figure was taken from a published paper by Siriwardhana et al'’®.
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Figure 3.4 Funnel plot for assessing publication or other types of biases in meta-

analysis of prevalence of frailty

Funnel plot with pseudo 95% confidence limits
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Note: Figure was taken from a published paper by Siriwardhana et al'’®.

Pre-frailty

Fifty four prevalence estimates (42 studies) corresponding to 47,302 participants
were included in the pre-frailty meta-analysis. The random-effects pooled
prevalence of pre-frailty in community-dwelling older adults in LMICs was 49.3%
(95% Cl: 46.4%, 52.2%). High heterogeneity was observed between studies
(Q=2082.6, df=53, p<0.001; 1>=97.5%) (Figure 3.5, page 126). The asymmetric
funnel plot (Figure 3.6, page 127) suggested the existence of reporting biases
and/or between study heterogeneity. However, results of Egger's weighted

regression test was insignificant indicating no funnel plot asymmetry (p=0.817).
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Figure 3.5 Random-effects pooled prevalence of pre-frailty among community-

dwelling older adults in low-income and middle-income countries

Effective %
Authors and year of publication sample  Pre-frailty ES (95% Cl) Weigh
Tribess et al, 2012 622 310 —_ 0.50 (0.46, 0.54) 1.89
Junior et al, 2014 286 168 | —— 0.59(0.53,0.64) 1.81
Pegorari et al, 2014 958 522 | = 0.54 (0.51, 0.58) 191
Santos et al, 2015 136 84 | —— 0.62 (0.53, 0.70) 1.68
Closs et al, 2016 521 266 —— 0.51(0.47, 0.55) 1.87
Mello et al, 2017 137 84 | —— 0.61(0.53,0.69) 1.68
de Albuquerque Sousa et al, 2012 391 235 1 —_—— 0.60 (0.55,0.65)  1.85
dos Santos Amaral et al, 2013 295 163 |+ 0.55 (0.50, 0.61) 1.82
Moreira et al, 2013 754 358 — 0.47 (0.44,0.51) 1.90
Neri et al, 2013 (Belem) 720 347 —— 0.48 (0.45,0.52)  1.90
Neri et al, 2013 (Parnaiba) 431 239 | —— 0.55(0.51,0.60) 1.86
Neri et al, 2013 (Campina Grande) 395 203 —— 0.51 (0.46, 0.56) 1.85
Neri et al, 2013 (Pocos de Caldas) 388 207 J—.— 0.53(0.48,0.58) 1.85
Neri et al, 2013 (Ermelino Matarazzo) 384 211 I—.— 0.55 (0.50, 0.60) 1.85
Neri et al, 2013 (Campinas) 898 469 I—Q— 0.52(0.49, 0.55) 1.91
Neri et al, 2013 (Ivoti) 197 94 —_— 0.48 (0.41,0.55) 1.76
Vieira et al, 2013 601 278 - 0.46 (0.42, 0.50) 1.88
Ricci et al, 2014 761 365 —— 0.48 (0.44, 0.52) 1.90
Silveira et al, 2015 54 25 e ] 0.46 (0.34, 0.59) 1.39
Calado et al, 2016 385 191 —— 0.50 (0.45, 0.55) 1.85
Augusti et al, 2017 306 219 I —— 0.72 (0.66, 0.76) 1.82
Ferriolli et al, 2017 (Recife) 556 372 1 —— 0.67 (0.63,0.71) 1.88
Ferriolli et al, 2017 (Juiz de Fora) 412 260 1 —— 0.63 (0.58, 0.68) 1.85
Ferriolli et al, 2017 (Fortaleza) 481 306 1 —_—— 0.64 (0.59, 0.68) 1.87
Ocampo-Caparro et al, 2013 314 224 1 — 0.71(0.66, 0.76) 1.82
Curcio et al, 2014 1878 996 | = 0.53(0.51, 0.55) 1.93
Samper-Ternent et al, 2016 1442 756 == 0.52(0.50,0.55) 1.92
Sanchez-Garcia et al, 2017 1252 630 - 0.50 (0.48, 0.53) 1.92
Moreno-Tamayo et al, 2017 657 341 T.— 0.52(0.48,0.56) 1.89
Chen et al, 2015 604 341 I —— 0.56 (0.52,0.60) 1.88
Wu et al, 2017 5290 2712 I’ 0.51(0.50, 0.53) 1.95
Dong et al, 2017 1188 545 -, 0.46 (0.43,0.49) 1.92
Wang et al, 2015 316 155 — 0.49 (0.44, 0.55) 1.83
Badrasawi et al, 2017 473 292 ' — 0.62 (0.57, 0.66) 1.87
Kashikar et al, 2016 250 159 ! —— 0.64 (0.57, 0.69) 1.79
Gurina et al, 2011 611 385 ! —— 0.63(0.59, 0.67) 1.89
Alvarado et al, 2008 (Barbados) 1446 787 . 0.54(0.52,0.57) 1.92
Alvarado et al, 2008 (Brazil) 1879 917 - 0.49 (0.47,0.51)  1.93
Alvarado et al, 2008 (Chile) 1220 624 - 0.51(0.48, 0.54) 1.92
Alvarado et al, 2008 (Cuba) 1726 891 - 0.52(0.49,0.54)  1.93
Alvarado et al, 2008 (Mexico) 1063 521 - 0.49 (0.46, 0.52) 1.91
Aguilar-Navarro et al, 2015 5644 2893 £ ] 0.51(0.50, 0.53) 1.95
Avila-Funes et al, 2016 927 346 - 1 0.37(0.34, 0.40) 191
Sanchez-Garcia et al, 2014 1933 644 - 1 0.33(0.31,0.35) 1.93
Akin et al, 2015 848 295 - 1 0.35(0.32,0.38)  1.90
Zhu et al, 2016 1478 634 - 0.43(0.40,0.45) 1.93
Fhon et al, 2012 240 59 —_—— 1 0.25(0.20, 0.30) 1.79
Agreli et al, 2013 103 23 —_— 1 0.22(0.15,0.31) 161
Duarte et al, 2013 166 36 — 1 0.22 (0.16, 0.29) 1.72
Del Brutto et al, 2016 298 65 —— 1 0.22(0.17,0.27) 1.82
Fabrico-Wehbe et al, 2009 137 28 —— 1 0.20(0.15, 0.28) 1.68
Sathasivam et al, 2015 789 534 | —_— 0.68 (0.64, 0.71) 1.90
Boulos et al, 2016 1120 341 - | 0.30(0.28,0.33) 1.92
Gray et al, 2017 941 126 - 0.13(0.11, 0.16) 191
Overall (12 = 97.46%, p = 0.00) ¢ 0.49 (0.46,0.52)  100.00]
1
1 I | | | |
0 2 4 6 .8 1
ES (95% Cl)=Prevalence of pre-frailty with 95% confidence interval

Note: Figure was taken from a published paper by Siriwardhana et al'’®.
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Figure 3.6 Funnel plot for assessing publication or other types of biases in meta-

analysis of prevalence of pre-frailty

Funnel plot with pseudo 95% confidence limits

O_
1\
1|\®
° ! o\
° ° o, PaNe
~ o0 e °
o © 7 ) ..Q ] .. ( ]
3 ° / \ F 4
c ..Q' ° ®
(] o / )
© / \o o o
2 o / \
s / \
e < | / \
° e o / \ @
S / \
S / \
he] / \
© / \
° / \
§ S / \
n / \
/ ° \
o0
® |
) T T T T T
0 2 4 .6 .8

Prevalence .of pre-frailty

Note: Figure was taken from a published paper by Siriwardhana et al'’®.
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3.5.2.3 Subgroup analyses

Frailty assessment method

Table 3.3 (page 129) presents the random-effects pooled prevalence of frailty and
pre-frailty according to the frailty assessment method. Both pooled prevalence of
frailty and pre-frailty varied by the assessment method. The highest prevalence
of frailty was reported for the Edmonton Frail Scale (EFS): 35.9% (95% Cl: 31.7%,
40.2%, 1>°=61.9%, p=0.022). The lowest prevalence of frailty was reported for the
FRAIL scale: 12.4% (95% Cl: 8.4%, 17.1%). The pooled prevalence of frailty for the
Fried phenotype with five components-weakness and slowness assessed using

objective tests was 12.7% (95% Cl: 10.9%, 14.5%, 1>=94.8%, p<0.001).

The highest prevalence of pre-frailty was reported for the Fried phenotype with
five components-weakness and slowness assessed using objective tests: 55.2%
(95% Cl: 53.3%, 57.1%, 1°=89.7%, p<0.001) whilst the lowest was reported for the
EFS: 22.3% (95% Cl: 19.7%, 25.0%, 1>°=0.0%, p=0.907). Also, the heterogeneity
between the studies was lowest when the EFS was used. Due to the low number
of prevalence estimates, Cochran’s Q, p value, and |> were not computed for the
following frailty assessments: Fried phenotype assessed only with four of the five

components and FRAIL scale.
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Table 3.3 Random-effects pooled prevalence of frailty and pre-frailty according to the frailty assessment method

Frailty assessment method Number Number Pooled prevalence Cochran’s Degrees pvalue 12
of studies of 95% Cl, (%) Q of (%)
(estimates)  participants freedom

Frailty

Fried phenotype with five components- weakness and 30 (38) 27,623 12.7 (10.9, 14.5) 709.9 37 <0.001 94.8

slowness assessed using objective tests

Fried phenotype with five components- weakness and 3(7) 13,905 33.8(27.6,40.4) 359.1 6 <0.001 98.3

slowness assessed using self-reported questions

(subjective)

Fried phenotype with only four components 4 (13) 16,632 15.6 (11.4, 20.3) 772.1 12 <0.001 984

Edmonton Frail Scale 6 (6) 1,455 35.9(31.7,40.2) 13.1 5 0.022 61.9

Frailty index 4 (5) 16,303 18.0 (5.8, 35.0) 2085.5 4 <0.001 99.8

FRAIL scale 3(3) 6,841 12.4 (8.4,17.1) - 2 - -

Multi-dimensional frailty model 1(10) 12,373 26.9 (20.6, 33.8) 628.8 9 <0.001 98.6

Pre-frailty

Fried phenotype with five components- weakness and 30 (38) 27,623 55.2 (53.3,57.1) 360.6 37 <0.001 89.7

slowness assessed using objective tests

Fried phenotype with five components- weakness and 3(7) 13,905 49.2 (46.0, 52.4) 79.5 6 <0.001 925

slowness assessed using self-reported questions

(subjective)

Fried phenotype with only four components 3(3) 4,259 37.0(30.9, 43.3) - 2 - -

Edmonton Frail Scale 5(5) 944 22.3 (19.7, 25.0) 1.0 4 0.907 0.0

FRAIL scale 3(3) 6,841 38.9 (27.6, 50.7) - 2 - -

Note: Table was taken from a published paper by Siriwardhana et al7.
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Geographic region

Fifty two prevalence estimates from 34 studies conducted in Latin America and
the Caribbean (n=51,188) and fifteen estimates from 12 studies conducted in Asia
(n=22,393) were available for the frailty subgroup analysis by region. The pooled
prevalence of frailty was 19.3% (95% Cl: 15.7%, 23.1%, 12=99.0%, p<0.001) in Latin
America and the Caribbean, and was 12.5% (95% Cl: 8.6%, 16.9%, 1°=98.7%,

p<0.001) in Asia.

Forty two prevalence estimates from 30 studies conducted in Latin America and
the Caribbean (n=33,394) and ten estimates from 10 studies conducted in Asia
(n=12,356) were available for the pre-frailty subgroup analysis. The pooled
prevalence of pre-frailty was 49.8% (95% Cl: 47.1%, 52.5%, 1°=95.7%, p<0.001) in
Latin America and the Caribbean and was 50.2% (95% Cl: 43.5%, 57.0%, 1>=98.0%,

p<0.001) in Asia.

Sex

Twenty four prevalence estimates were available from 24 studies using the same
assessment method (Fried phenotype with objective tests) for sex stratified
analysis of prevalence of frailty and pre-frailty. In total there were 10,507 and
15,458 male and female participants respectively. The pooled prevalence of frailty
in males was 11.1% (95% Cl: 8.9%, 13.4%, 1°=91.4%, p<0.001) compared with
15.2% (95% Cl: 12.5%, 18.1%, 1°=95.2%, p<0.001) in females. Frailty prevalence
was significantly higher in females compared to males (Z=-7.38, p<0.001). The

pooled prevalence of pre-frailty in males was 53.8% (95% Cl: 51.3%, 56.3%,
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12’=80.9%, p<0.001) and in females was 56.3% (95% Cl: 54.0%, 58.7%, 1°=86.2%,
p<0.001). Similarly to frailty, prevalence of pre-frailty was significantly higher in

females compared to males (Z=-3.51, p<0.001).

Age

The prevalence of frailty increased gradually with advancing age. The prevalence
considerably increased after age 75 years. The prevalence of pre-frailty also
slightly increased with advancing age and was above 50.0% in all age groups (Table

3.4, page 132).
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Table 3.4 Pooled prevalence of frailty and pre-frailty by five-year age bands for studies used Fried phenotype with five components-

weakness and slowness assessed using objective tests

Age category Number Number Pooled prevalence Cochran’s Q Degrees of p value 12 (%)
of of (95% Cl), (%) freedom
studies participants

Frailty
60-64 13 4,386 6.2 (4.0, 8.8) 100.4 12 <0.001 88.1
65-69 21 6,437 8.2(6.3,10.3) 138.2 20 <0.001 85.5
70-74 22 5,666 10.3(8.2,12.6) 136.4 21 <0.001 84.6
75-79 22 4,121 15.4 (12.6, 18.4) 115.6 21 <0.001 81.3
80-84 22 2,329 22.6 (18.5, 26.9) 97.7 21 <0.001 78.5
>85 22 1,249 29.8 (25.6, 34.2) 42.1 21 0.004 50.1
Pre-frailty
60-64 13 4,386 52.3 (47.9, 56.8) 86.7 12 <0.001 86.2
65-69 21 6,437 53.5(49.8, 57.1) 148.1 20 <0.001 86.5
70-74 22 5,666 54.8 (51.6, 57.9) 100.6 21 <0.001 79.1
75-79 22 4,121 57.0 (55.0, 59.1) 30.6 21 0.080 31.5
80-84 22 2,329 57.9 (55.5, 60.3) 25.8 21 0.213 18.7
285 22 1,249 59.3 (55.9, 62.6) 25.4 21 0.229 17.4

Note: Table was taken from a published paper by Siriwardhana et al7.
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Age-and sex

An age related incremental rise in frailty was evident even after stratification by
sex (Figure 3.7, below). Prevalence of frailty was higher in females in all five-year
age bands. There was no age related trend for pre-frailty after stratification by sex

(Figure 3.8, page 134).

Figure 3.7 Pooled prevalence of frailty by ‘age-and sex’ for studies that used Fried
phenotype with five components-weakness and slowness assessed using

objective tests

30 40

Prevalence of frailty with 95% ClI (%)
20

60-64 65-69 70-74 75-79 80-84 >85
Age category in years

® Male @ Female

Note: Figure was taken from a published paper by Siriwardhana et al'’®.
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Figure 3.8 Pooled prevalence of pre-frailty by ‘age-and sex’ for studies that used
Fried phenotype with five components-weakness and slowness assessed using

objective tests
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Note: Figure was taken from a published paper by Siriwardhana et al'’®.
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3.5.2.4 Comparison of the pooled prevalence of frailty and pre-frailty of

middle-income countries with high-income countries

Pooled prevalence of frailty

Twenty one prevalence estimates (13 studies), corresponding to a total of 9,586
community-dwelling older adults aged 265 years from middle-income countries
and ten prevalence estimates (10 studies), corresponding to a total of 27,660
community-dwelling older adults aged 265 years from HICs were included in the
frailty meta-analysis. The random-effects pooled prevalence of frailty in
community-dwelling older adults in middle-income countries and in HICs was
12.3% (95% Cl: 10.4%, 14.4%, 1>=88.4%, p<0.001) (Figure 3.9, page 136) and 8.2%

(95% Cl: 5.7%, 11.2%, 1>=98.5%, p<0.001) (Figure 3.10, page 137) respectively.

The prevalence of frailty in community-dwelling older adults from middle-income
countries was significantly higher compared with the older adults residing in HICs
(2=-8.86, p<0.001). However, it is also of note that studies included in the meta-
analysis of HICs were predominantly from USA whereas studies included in the
middle- income countries meta-analysis were predominantly from Brazil and all
the countries belonged to the upper middle-income category except one study
from India. The pooled prevalence of frailty in middle-income countries excluding
the study from India (upper middle-income countries) was 11.8% (95% Cl: 10.0%,
13.6%, 1°=86.2%, p<0.001) and had a pooled frailty prevalence still significantly

higher compared with that for HICs.
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Figure 3.9 Pooled prevalence of frailty among community-dwelling older adults in

middle-income countries

Effective %
Study Country sample  Frailty ES (95% Cl) Weight:
T
de Albuquerque Sousa et al, 2012 Brazil 391 67 | —— 0.171(0.137,0.212) 4.83
1
dos Santos Amaral et al, 2013 Brazil 295 55 : —_— 0.186 (0.146, 0.235) 4.63
Moreira et al, 2013 Brazil 754 72 -‘-: 0.095 (0.077,0.119) 5.15
Neri et al, 2013 (Belem) Brazil 720 78 -0':' 0.108 (0.088,0.133) 5.13
Neri et al, 2013 (Parnaiba) Brazil 431 42 +=' 0.097 (0.073,0.129) 4.89
Neri et al, 2013 (Campina Grande) Brazil 395 35 +: 0.089 (0.064, 0.121) 4.83
Neri et al, 2013 (Pocos de Caldas) Brazil 388 36 +—: 0.093 (0.068, 0.126) 4.82
Neri et al, 2013 (Ermelino Matarazzo) Brazil 384 31 - : 0.081 (0.057,0.112) 4.81
Neri et al, 2013 (Campinas) Brazil 898 69 - : 0.077 (0.061, 0.096) 5.21
Neri et al, 2013 (Ivoti) Brazil 197 17 —'0—: 0.086 (0.055, 0.134) 4.28
1
Vieira et al, 2013 Brazil 601 52 -, 0.087 (0.067,0.112) 5.06
1
Ricci et al, 2014 Brazil 761 74 - 0.097 (0.078,0.120) 5.15
1
Silveira et al, 2015 Brazil 54 6 —_——r 0.111 (0.052, 0.222) 2.67
1
Calado et al, 2016 Brazil 385 35 - 0.091 (0.066, 0.124) 4.82
1
Augusti et al, 2017 Brazil 306 66 1 —_— 0.216 (0.173, 0.265) 4.66
|
Ferriolli et al, 2017 (Recife) Brazil 556 67 - 0.121 (0.096, 0.150) 5.02
1
Ferriolli et al, 2017 (Juiz de Fora) Brazil 412 64 —— 0.155(0.124,0.193) 4.86
1
Ferriolli et al, 2017 (Fortaleza) Brazil 481 50 -+ 0.104 (0.080, 0.134) 4.95
1
Wang et al, 2015 China 316 45 —— 0.142 (0.108, 0.185) 4.68
1
Kashikar et al, 2016 India 250 65 ! —_— 0.260 (0.210, 0.318) 4.49
1
Gurina et al, 2011 Russia 611 129 ! - 0.211(0.181, 0.245) 5.07
1
Overall (12 = 88.449%, p = 0.000) 0 0.123(0.104, 0.144) 100.00
1
1
1
I I I I I
0 i) 5 .75 1
o, _ . . o, . -
ES (95% Cl)=Prevalence of frailty with 95% confidence interval

Figure was taken from a published paper by Siriwardhana et al'’®.
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Figure 3.10 Pooled prevalence of frailty among community-dwelling older adults

in HICs

Effective %
Study Country sample  Frailty ES (95% Cl) Weight|
T
1
Fried et al, 2001 United States 5317 367 0: 0.069 (0.063,0.076) 10.22
1
1
Ble et al, 2006 Italy 827 54 - 0.065 (0.050, 0.084) 9.83
1
1
Cawthon et al, 2007 United States 5993 240 @ : 0.040 (0.035, 0.045)  10.22
1
Blyth et al, 2008 Australia 1705 160 - 0.094 (0.081,0.109) 10.06
1
1
Ensrud et al, 2008 United States 6701 1072 ! . 0.160 (0.151, 0.169)  10.23
1
1
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Figure was taken from a published paper by Siriwardhana et al'’®.
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Pooled prevalence of pre-frailty

The random-effects pooled prevalence of pre-frailty in community-dwelling older
adults in middle-income and in HICs countries was 55.3% (95% Cl: 52.0%, 58.6%,
12’=90.3%, p<0.001) (Figure 3.11, page 139) and 43.9% (95% Cl: 40.9%, 46.9%,
12=94.9%, p<0.001) (Figure 3.12, page 140) respectively. Like frailty, the
prevalence of pre-frailty was significantly higher among the older adults in middle-
income countries compared with HICs (Z=-17.14, p<0.001). The pooled prevalence
of pre-frailty in middle-income countries excluding the study from India (upper
middle-income countries) was 54.9% (95% Cl: 51.6%, 58.2%, 1>=90.4%, p<0.001)
and had a pooled pre-frailty prevalence still significantly higher compared with

that of HICs.
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Figure 3.11 Pooled prevalence of pre-frailty among community-dwelling older

adults in middle-income countries
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Figure was taken from a published paper by Siriwardhana et al'’®.
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Figure 3.12 Pooled prevalence of pre-frailty among community-dwelling older

adults in HICs

Effective %
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Figure was taken from a published paper by Siriwardhana et al'’®.
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3.5.3 Results of the meta-regression

All estimates (53) from 39 studies had data on the percentage of females in the
sample, study quality assessment score, World Bank region classification, and
frailty assessment method. Only 41 estimates from 32 studies had information on
mean age. Therefore, the multivariable analysis included 41 prevalence estimates

from 32 studies.

In univariable models, a significantly lower prevalence of frailty was observed in
East Asia and Pacific compared with Latin America and the Caribbean region.
Compared to Fried phenotype with five components where weakness and
slowness assessed using objective tests, use of EFS and Fried phenotype (five
components, weakness and slowness assessed using self-reported questions

(subjective)) significantly increased the prevalence of frailty.

After adjusting for all the other study characteristics in a multivariable meta-
regression model, statistically significant differences in frailty prevalence
remained between different assessment methods. Use of EFS, frailty index, and
Fried phenotype (five components, weakness and slowness assessed using self-
reported questions (subjective)) was associated with a frailty prevalence
approximately 20.0% higher than the reference method (Fried phenotype with
five components where weakness and slowness assessed using objective tests).
Geographic region was also a statistically significant predictor of frailty. The
variables included in the multivariable model (mean age, % of females in the

sample, study quality assessment score, geographic region, and frailty assessment
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method) explained 58.4% of the variability between the studies included in the

analysis. Please refer to Table 3.5 (page 143).
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Table 3.5 Univariable and multivariable meta-regression results

Characteristic Univariable Multivariable-adjusted
No of Coefficient (B) Adjusted R? No of Coefficient (B)

estimates (95% Cl) (%) estimates (95% Cl)
Mean age, years (per unit increase) 41 0.003 (-0.012, 0.018) -2.48 41 0.003 (-0.009, 0.017)
Percentage of females in the sample (per unit increase) 53 0.002 (-0.001, 0.007) 0.96 41 -0.000 (-0.004, 0.004)
Study quality assessment score (per unit increase) 53 -0.007 (-0.046, 0.031) -1.77 41 0.015 (-0.020, 0.051)
World Bank region classification 19.96
Latin America and the Caribbean 38 0.000 29 0.000
East Asia and Pacific 11 -0.138 (-0.212,-0.063) 8 -0.105 (-0.177,- 0.033)
Europe and Central Asia 2 0.014 (-0.144, 0.173) 2 0.068 (-0.051, 0.189)
South Asia 2 -0.051 (-0.217,-0.114) 2 0.001 (-0.129, 0.132)
Frailty assessment method 47.11
Fried phenotype* 23 0.000 20 0.000
Edmonton Frail Scale 6 0.222 (0.124, 0.319) 6 0.215 (0.120, 0.309)
Frailty index 4 0.053 (-0.041, 0.149) 2 0.171 (0.056, 0.286)
Fried phenotypet 13 0.026 (-0.037, 0.089) 12 0.032 (-0.035, 0.100)
Fried phenotypet 7 0.206 (0.129, 0.283) 1 0.223 (0.065, 0.382)

*Fried phenotype with five components-weakness and slowness assessed using objective tests.

tFried phenotype with five components-weakness and slowness assessed using self-reported questions (subjective).
¥Fried phenotype with four components.

The reference category is 0.000.

Statistically significant estimates (at the 5% level) are displayed in bold.

Adjusted R? for multivariable model =58.4%

Table was taken from a published paper by Siriwardhana et al'’.
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3.6 Discussion

3.6.1 Summary of main findings

The present systematic review and meta-analysis focused on the burden of frailty
in LMICs as it is crucial to identify the extent of this issue with the increasing ageing
population in these countries. Of 56 studies included in the present review, 40
were from Latin American and Caribbean countries (predominantly from Brazil).
In Asia, most of the studies were from China. One study on prevalence of frailty
was found from the African region.?*® Only one epidemiological study on frailty
(Tanzania) was found from countries with low-income economies?** (US$1,005 or
less) according to World Bank Classification, 20178, Of countries with lower
middle-income economies (USS 1,006 to USS 3,955) only two studies were found
(both from India). One was a study site of a multi-country study®” and the other
was a small community-based cross-sectional study??’. All the other studies have
been conducted in countries with upper middle-income economies (USS 3,956 to
USS 12,235)*3 indicating income inequality in frailty research. No study was found
conducted in Sri Lanka, a lower middle-income country with per capita GNI USS

3850 in 2017'%*, and the study setting of Part B of this PhD.

The random-effects pooled prevalence of frailty and pre-frailty in community-
dwelling older adults was 17.4% (95% Cl: 14.4%, 20.7%) and 49.3% (95% Cl: 46.4%,
52.2%) respectively. Frailty was significantly higher in females compared with
males and as expected increased with age. This finding is consistent with previous
research.13% 177,178,228, 244 The nooled prevalence of pre-frailty was around half the
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participants and prevalence only slightly increased across all age groups. Both the
prevalence of frailty and pre-frailty appeared significantly higher in community-
dwelling older adults in upper middle-income countries compared with high-
income countries. The wide variation in prevalence estimates across studies was
largely explained by the differences in frailty assessment method and the
geographic region with higher prevalence using the Edmonton Frail Scale and

higher prevalence in the Latin American and the Caribbean region.

3.6.2 Study findings in the context of existing literature

The pooled prevalence of frailty and pre-frailty in LMICs in the present review
appeared to be higher than the weighted prevalence of frailty and pre-frailty in
community-dwelling older adults in HICs reported previously (10.7%, (95% Cl:
10.5%, 10.9%) and 41.6% (95% Cl: 41.2%, 42.0%) respectively).’*? It is also of note
that the participants in HICs included people aged 265 years, whereas 50.0% of
studies in the present meta-analysis included participants aged >60 years. Given
that the prevalence of frailty increases with age, when participants of a higher age
group are selected, a higher prevalence would be expected in that sample. The
present meta-analysis included 18 studies (36 estimates) with a population aged
65 years and above. The prevalence of frailty of this sub-sample was 14.6% (95%
Cl: 11.9%, 17.4%) and still higher compared to HICs. In the review of frailty
prevalence in HICs, most studies were from Europe and North America. Studies
included in the present review were predominantly from Latin America and

Caribbean countries and belong to the countries with upper middle-income
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economies, with little representation of lower middle-income and low-income
countries. A recent meta-analysis in Latin America and the Caribbean showed
findings consistent with the present review, with nearly one in-five older adults

(19.6%; 95% Cl: 15.4%, 24.3%) defined as frail .2

The review on frailty and pre-frailty which included only HICs has simply reported
the weighted prevalence of frailty and pre-frailty.!3® Given the heterogeneity of
the studies along with the differences of frailty estimates in different populations,
| decided to perform a random-effects meta-analysis in the present review with
studies included in the HICs review for a fair comparison of pooled frailty
estimates between HICs and upper middle-income countries (Section 3.4.6.3,
page 104). No studies were available from low-income countries and only one
study was available from lower middle-income countries using the same frailty
assessment method. Results indicated significantly higher prevalence of frailty
and pre-frailty among community-dwelling older adults in upper middle-income
countries compared with HICs. Another review of the prevalence of frailty
measured by the Fried phenotype based on community-dwelling older adults
aged 265 years in nationally representative samples reported a lower prevalence
compared with the pooled estimate in the present review except in the countries
of Southern Europe (France, Italy, Greece, and Spain).2*® A lower prevalence of
frailty was also observed in high-income Asian countries (Japan, Singapore, and

Taiwan )‘178, 247-249
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One possible explanation for the difference of pooled frailty and pre-frailty
prevalence estimates between HICs and upper middle-income countries could be
the difference in the sex distribution of the overall samples used in the meta-
analysis. The overall sample included in the frailty and pre-frailty meta-analysis of
upper middle-income countries consisted of 66.4% of females compared with
51.6% of females included in the corresponding overall sample of the HICs. Of

193,194 :

included male participants only and one study®®® i

HICs, two studies included
female participants only. Generally prevalence of frailty is higher in females than
in males. However, the sex specific prevalence of frailty and pre-frailty was higher
in community-dwelling older adults from upper middle-income countries (10.1%
frail and, 54.1% pre-frail for males; and 16.2% frail and, 56.4% pre-frail for
females) compared with community-dwelling older adults from HICs (6.6% frail
and, 42.6% pre-frail for males; and 9.6% frail and, 45.9% pre-frail for females).
Please refer to Appendix 4 (page 432) for full results of this supplementary
analysis. Therefore, differences in sex distribution are unlikely to explain the

differences in the pooled prevalence of frailty and pre-frailty in upper middle-

income and HICs fully.

Many of the health problems in later life are affected by early life exposures and
living conditions. According to the findings of a cross-sectional analysis in Latin
America, hunger, poor health, poor socioeconomic conditions in childhood and
low education, non-white collar occupations, and insufficient income in
adulthood were associated with higher odds of frailty.??® Unlike in many high-

income countries, living conditions and healthcare services in LMICs are generally
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poor. This could be one explanation for the observed higher prevalence levels of

frailty in middle-income countries compared with HICs.

In contrast to these findings, a single multi-country study conducted with data
from 14 HICs in Europe and six LMICs (China, Ghana, India, Mexico, Russian
Federation, and South Africa) reported higher levels of frailty (high mean frailty
index) in HICs compared with the LMICs.>** This study included nationally
representative samples of adults with a lower age threshold of those aged >50
years. They also found an inverse association between level of frailty (using frailty
index) and income and education in both HICs and low-income countries.?*
Individuals with poor education and low income were more likely to be frail.
Higher levels of frailty in HICs could be due to the higher survival rate of
participants living with multiple health conditions and disabilities with advanced
healthcare and social protection. On the other hand, as the frailty index is based
on a list of deficits including diagnosed diseases, many medical conditions could
be under reported/diagnosed in the participants in LMICs. Similarly, in most LMICs
where access to continued care is lacking, maintenance of medical records is poor

making it more difficult to use cumulative deficit models.

The studies which used different assessment methods to identify frail older adults
in the same study population demonstrated different frailty estimates
highlighting the variation in prevalence due to use of different frailty assessment
methods.?*®” Similar to the present review, a review of HICs found differences in

prevalence estimates according to frailty assessment method.'®® Using the
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physical frailty definition (Frailty phenotype with 14 study estimates and chair
stands and walking speed tests in one study) the weighted prevalence of frailty
and pre-frailty was 9.9% (95% Cl: 9.6%, 10.2%) and 44.2% (95% Cl: 44.2%, 44.7%)
respectively. Using instruments based on broader definition of frailty (SOF frailty
index, Frailty scale, Assessing Care of Vulnerable Elders, FRAIL scale, frailty index,
Tilburg Frailty Indicator, and problems in 22 functional domains: physical,
nutritive, cognitive, and sensory) the weighted prevalence of frailty and pre-frailty
was 13.6% (95% Cl: 13.2%, 14.0%) and 33.5% (95% Cl: 32.9%, 34.1%) respectively.
In the present review, lower prevalence levels were observed when the meta-
analysis was restricted only to the Fried phenotype with five components,

including objective measures of weakness and slowness.

In the present review, even among the studies using Fried phenotype with
objective criteria, there was considerable variation in operationalising the five
phenotypic components. Furthermore, the approach of deriving frail cut-off
points for weakness, slowness, and low physical activity components were varied.
Of thirty studies, 17 had calculated their population specific cut-off points based
on the anthropometry of their own study populations. Eight studies had used the
cut-off points developed by Fried et al in the CHS.'® The pooled prevalence of
frailty is higher with the studies that used CHS cut-off points*® compared with the
studies that used their own population specific cut-off points. However, the
pooled prevalence of pre-frailty was similar in both groups. Similarly the number
of deficits used in frailty index and cut- off for defining frailty and pre-frailty status

were inconsistent.?3®2%° Among all the frailty assessment methods, only the

149



Edmonton Frail Scale (EFS) showed moderate heterogeneity between the studies.
All the other assessment methods showed high heterogeneity. A possible
explanation for this finding is that unlike the Fried phenotype or frailty index, EFS
is less likely to be modified by researchers as it is comprised of a set of general
guestions and does not require special resources to perform any test (e.g. clock

drawing test and timed up-and-go test).

The strengths, limitations, and implications of the present systematic review and
meta-analysis are discussed in Chapter 9 in Section 9.4.1 (page 345) and Section

9.5.1 (page 365) respectively.

3.7 Conclusions

This chapter has documented the prevalence of frailty and pre-frailty among
community-dwelling older adults in low-and middle-income countries and
estimated the pooled prevalence of frailty and pre-frailty as 17.4% (95% Cl: 14.4%,
20.7%) and 49.3% (95% Cl: 46.4%, 52.2%) respectively. It appears that the
prevalence of frailty in LMICs is higher compared with HICs. This review has
further demonstrated that there is little evidence on the basic epidemiology of
frailty in LMICs and my PhD is the first study to determine the epidemiology of

frailty among community-dwelling older adults in Sri Lanka.
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Chapter 4: Methodology: population-based cross-sectional study

4.1 Overview of the chapter

This chapter presents the methodology of Part B of this thesis “a population-based
cross-sectional study” which comprised of three objectives mentioned in Section
2.3.2 (page 92); to describe the epidemiology of frailty and its association with
disability and quality of life among rural community-dwelling older adults in Sri
Lanka. A detailed description of the study setting, study population, sample size
calculation and sampling design, data collection instruments, data collection
procedures, measures taken to ensure data quality, statistical methods used, and

ethical standards and practices is provided in this chapter.
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4.2 Study setting

4.2.1 Srilanka

The study was conducted in the rural sector of Kegalle district in Sri Lanka, an
island nation located South of India. For administrative purposes Sri Lanka is
divided into nine provinces and twenty five districts. Provinces are the first level
and districts are the second level administrative divisions. A district is further
divided into a number of divisional secretariat divisions. A divisional secretariat
division is again subdivided to a number of Grama Niladhari (GN) divisions: the
smallest administrative division of Sri Lanka. In addition to these administrative
divisions, Sri Lanka is divided into three sectors; urban, rural, and estate
depending on geographical location and the availability of infrastructure facilities.
The urban sector is designated as areas under municipal and urban councils. The
estate sector consists of commercial agricultural lands of 20 acres or above which
employ more than 10 labourers. All the other areas are considered as rural.?*° Of
the total population in Sri Lanka in 2012, 18.2%, 4.4%, and 77.4% lived in the

urban, estate, and rural areas respectively.?*°

According to the latest census of population and housing conducted in 20122%°,
the total population of the country was 20,359,439. Of them, 48.4% were males
whilst 51.6% were females. The ethnic distribution of Sri Lanka was Sinhalese
(74.9%) followed by Sri Lankan Tamil (11.2%), Sri Lankan Moor (Muslim) (9.3%),
Indian Tamil (4.1%), and other ethnicities (0.5%). Of the population aged 25 years

and above 4.7% had no school education. 18.4%, 39.6%, and 37.3% had
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completed primary, lower secondary, and upper secondary or tertiary education
respectively. The overall language literacy rate of Sri Lanka is 95.7%. Males

(96.9%) were more literate than females (94.6%).
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Figure 4.1 (below) is a map of Sri Lanka which illustrates the distribution of the

total population by district.

Figure 4.1 Population distribution of Sri Lanka by district according to census of

population and housing conducted in 2012
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4.2.2 Kegalle district

This study was conducted in the Kegalle district of Sri Lanka. Kegalle district is one
of the two districts in Sabaragamuwa province. The 2012 census report indicated
that nine percent of the Sri Lankan population lived in Sabaragamuwa province.
Kegalle district accounted for 4.1% (840,648) of the Sri Lankan population. There
are 11 divisional secretariat divisions in this district (Figure 4.2, page 156) which
encompasses 573 GN divisions. In Kegalle district, the majority of the population
lived in the rural areas (91.3%) and the rest in the estate (6.8%), and urban (1.9%)

areas.”>®

The total number of males and females in the district were recorded as 400,820
and 439,828 respectively. The ethnic distribution of the district population was
Sinhalese (85.5%), Sri Lankan Tamil (2.1%), Indian Tamil (5.2%), Sri Lankan Moor
(Muslim) (7.1%), and other ethnicities (0.1%). 73.2% of the population had
completed lower secondary education or above. The language literacy rate of the
district was 96.0%. The corresponding figures for males and females were 97.3%
and 94.9% respectively. The majority (84.0%) of the population have been living
in the district since birth. The number of older adults (260 years) reported from
the district was 125,069. Kegalle district was selected for the present study as it
had the highest proportion of older adults in a district population (14.9%),
according to the latest census (2012).2°° Only the rural population was included in
the present study considering the dominant share of the rural population in the

entire country (77.4%) and particularly in the Kegalle district (91.3%).
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Figure 4.2 Population distribution of Kegalle district by divisional secretariat

division according to census of population and housing conducted in 2012
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A comparison between the sociodemographic characteristics of Kegalle district

and Sri Lanka as a whole is presented below (Table 4.1, below).

Table 4.1 Sociodemographic characteristics of Kegalle district and Sri Lanka

Characteristic Kegalle district Sri Lanka
Total population 840,648 20,359,439
(%) (%)
Females in total population 52.3 51.6
Population aged>60 years 14.9 12.4
Females in aged>60 years population 56.7 55.7
Population distribution by sector
Urban 1.9 18.2
Rural 91.3 77.4
Estate 6.8 4.4
Population distribution by ethnicity
Sinhalese 85.5 74.9
Sri Lankan Tamil 2.1 11.2
Indian Tamil 5.2 4.1
Sri Lankan Moor 7.1 9.3
Other 0.1 0.5
Education level for population aged>25 years
No school education 4.4 4.7
Primary 17.8 18.4
Lower secondary 40.3 39.6
Upper secondary or tertiary 37.5 37.3
Overall language literacy rate 96.0 95.7
Language literacy rate by sex
Male 97.3 96.9
Female 94.9 94.6

Source: Department of Census and Statistics-Sri Lanka. Census of Population and Housing 201220,
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4.3 Study population
4.3.1 Inclusion criteria

Older adults aged 260 years permanently residing in the rural sector of Kegalle

district.

4.3.2 Exclusion criteria

Older adults who were unable to provide informed consent for the study were
excluded. This included older adults with severe dual hearing and vision
impairment, aphasia following a stroke, severe stages of dementia, and those with
unstable and severe mental illnesses. In addition, terminally ill older adults were

also excluded.

4.4 Sample size calculation

The sample size was initially calculated using the Equation 4.1 (below) for

prevalence studies as described by Lwanga and Lemeshow.?>!

Z°Pp(1-P) Equation 4.1
nETE
The first objective of this cross-sectional study was to estimate the prevalence of
frailty. No published literature was identified on the prevalence of frailty in Sri
Lanka (P in Equation 4.1). Data available on frailty prevalence from a single multi-
centre study conducted in seven LMICs, including India were therefore used.®’
This Indian sample included urban community-dwelling older adults in Chennai,

South India. The frailty assessment method used in this study was Fried
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phenotype of frailty with four criteria excluding the weakness component.®” The
prevalence of frailty is dependent on the frailty assessment method used (Section
1.2.4, page 44). Although the frailty assessment method used in this Indian study
is not identical to the frailty assessment method | used, this was the only available
information | could use for the sample size calculation. The prevalence of frailty
in the Indian sample was 11.4%. Therefore, the expected prevalence of frailty in
Sri Lanka (P) was considered as 11.0%. The absolute precision required on either
side of the prevalence estimate (d) was set at 3.5% and the critical value of the
95% confidence level (Z) was set at 1.96. Based on Equation 4.1 (page 158), a
sample of 307 participants would be required if participants were to be recruited
for the present study using a simple random sampling (SRS) design. In SRS, every
sampling unit of the survey population has a known and equal probability of
selection into the sample and sampling units are selected from a complete list of
the survey population known as the sampling frame. Utilizing SRS is not a feasible
option in large scientific surveys where construction of a sampling frame is
cumbersome when one does not exist. The SRS process itself is time and resource
consuming. Instead, single stage or multi-stage cluster sampling is considered as

a feasible option to select the survey sample.?>2

A complex sampling design: three stage probability sampling (Section 4.5, page
166) was used in the present study to select sampling units by considering the
issues of cost-effectiveness and efficiency as the sampling units of this study were

widely spread out in a large geographic area and there was no available sampling
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frame encompassing the survey population. Many large national and multi-
national surveys incorporate ‘complex’ design features such as stratification,

clustering, multi-stage sampling, and disproportionate sampling.

Relative to SRS, use of a complex sampling design leads to an increase in the size
of the standard errors of survey estimates. Stratification typically reduces the
standard errors of survey estimates compared to SRS (i.e. increases efficiency or
precision) whilst clustering and unequal probability sampling designs tend to
increase the size of standard errors of survey estimates (decrease efficiency)
compared to a SRS of the same size. A summary measure of the impact of
stratification, cluster sampling, and weighting (to correct for unequal probability
sampling) on the standard error of a sample estimate from a complex survey
relative to a SRS of equal size, is called the complex sampling design effect. It is a
ratio of the sampling variances (complex / SRS) and it can be estimated directly
from the survey data obtained using a complex survey design using the Equation

4.2 (below).?>3

var(0) compiex  Equation 4.2

d2(@) = a
var(e)srs

where:
dz(é) = the estimated design effect for the sample estimate, (@)
var(@)complex = the estimated complex sample design variance of (é)
var(0) s = the estimated SRS variance of (é)
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As a result, the sample estimate obtained from the complex sample design is
typically less precise than the SRS (design effects>1). Therefore, when sample size
calculations are performed at the outset of a study, a correction is made to
compensate for the clustered nature of the complex sample. The loss of precision
expected from the complex sample design can be overcome by multiplying the
size of the simple random sample (e.g. as initially calculated by the Equation 4.1,

page 158) by the complex sample design effect Equation 4.3 (below).?3

Neomplex = Neff * d?(f) Equation4.3

where:
Neomplex = the actual or ‘nominal’ sample size selected under the complex
sample design
Nefr = the effective sample size, or the size of a simple random sample
required to achieve the same precision as the actual complex
sampling design
dz(é) = the estimated design effect for the sample estimate, (9)

A design effect of 2 for example implies that the use of cluster sampling to achieve
the same precision as a SRS of the same size would require twice the sample size.
A value for the design effect was needed before data collection to increase the
size of the complex sample in order to achieve the same precision as a SRS of 307
participants. As mentioned earlier, the design effect of a particular complex

sample design is a summary measure of the combined influences of stratification,
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cluster sampling, and weighting on the precision of survey estimates.?>® The
values of the design effect are typically provided after the data is collected for the
sample estimates of major variables of interest in complex sample surveys.?* The
main sample estimate of interest in this study was the prevalence of those with
frailty. There were no studies available from Sri Lanka on the prevalence of frailty
and no studies were identified from the WHO South-East Asia region reporting
the design effect for the prevalence of frailty accounting for the complex sampling
structure of the survey data. Therefore, the design effect due to the multi-stage
sampling embedded in this complex sampling design was computed based on the
following assumptions and it was considered as an approximation of the complex

sampling design effect.

There were two levels of clusters in this complex sampling design. Primary
sampling units (PSUs) are the highest level groupings (clusters) of sampling units
and secondary sampling units (SSUs) are area segments within PSUs. In the
present study, PSUs were the divisional secretariat divisions and SSUs were the
Grama Niladhari (GN) divisions. Generally sampling units within a cluster have
greater similarities compared to the sampling units of other clusters.?>? Thus,
prevalence of certain health variables can be more common or uncommon in
some clusters than others. The Intraclass correlation (roh/p) is a statistic that is
used to quantify the amount of homogeneity that exists within sample clusters
and when sample size calculations are performed it is usually determined based

on the evidence of previous studies that are similar to the planned study.?>> The
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value of p is specific to the population characteristics and the size of the
corresponding clusters. Usually the value of p decreases when the geographical
size of the cluster increases.”>® A p value of 0 indicates no homogeneity; that is,
each cluster is as heterogeneous as the population. Alternatively a p value of 1
indicates complete homogeneity within clusters (i.e. exact similarity between all
members within a cluster). Usually the values of p observed for general
population characteristics range from 0.0 to 0.2 with most being between 0.005
and 0.1.%° The value of p is computed as the amount of between-cluster
variability divided by the sum of the between-cluster and within-cluster
variabilities: i.e. the proportion of the total variance in the characteristic of
interest that is accounted for by the clustering (Equation 4.4, below).?>” According
to Equation 4.4, when the within cluster variance (S2) goes towards the value of
0 (that is, all elements within a cluster are very similar to each other), p gets closer

to the value of 1.

Sg Equation 4.4
P=c2 1 o2
S;+S3
where:
p = intraclass correlation for the survey characteristic
SZ = the variance between the clusters
SZ = the variance within clusters
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In the present study context, the PSUs (divisional secretariat divisions) are large
geographic areas that are reasonably heterogeneous. Therefore, within PSUs, the
intraclass correlation of the main variable of interest (frailty) and other survey
variables were treated as minimal. However, the SSUs (Grama Niladhari divisions)
are relatively small areas and the sampling units are not as heterogeneous as the
PSUs. In the absence of prevalence data on frailty in Sri Lanka using a cluster
sampling design, it was not possible to calculate the p value for SSUs in advance
of the study in order to determine the design effect required for the Equation 4.3
(page 161) to compute the complex sample size. Considering the general
demographic and socioeconomic profile of the Kegalle district, it was reasonable
to assume that the variability of factors associated with frailty such as education
level and other aspects of socioeconomic status within a cluster is high compared
to the variability between the clusters.?*® 2*° Hence, the value of p was assumed
as 0.1. The minimum number of participants to be recruited from each SSU was
set at 15 considering the ‘age-and sex’ distribution of the older adults in the
district (Table 4.2 page 165) and field logistics (humber of participants that could

feasibly be interviewed in one full day’s work by a team of five interviewers).
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Table 4.2 Number of participants selected from each SSU based on the ‘age-and

sex’ distribution of older adults in Kegalle district

Age Male Number Female Number
Category in

years
60-64 (20,246/125,069) * 15 2.42~2 (24,364/125,069) * 15 2.92~3
65-69 (13,804/125,069) * 15 1.65~2 (17,843/125,069) * 15 2.13~2
70-74 (9,302/125,069) * 15 1.11~1 (11,939/125,069) * 15 1.43~1
75-79 (5,537/125,069) * 15 0.66~1 (8,441/125,069) * 15 1.01~1
280 (5,218/125,069) * 15 0.62~1 (8,375/125,069) * 15 1.00~1
Total 7 8

Therefore, the assumed design effect was calculated as 2.4 after substituting the
following assumed values: p =0.1, b =15 to Equation 4.5%°3 (below) to arrive at
the value of the sample size required for the complex sampling design used in the

present study.

d?(8)=1+p=(b—1) Equation4.5

where:
d? (@) = design effect for the sample estimate, (67)
p = intraclass correlation for the survey characteristic y (rate of
homogeneity)
b = average sample size for cluster

Based on Equation 4.1 (page 158) (which set out the required sample size under
SRS) and Equation 4.3 (page 161) (which set out the formula for the sample size

required under the complex design to achieve the same precision as the SRS), the
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estimated sample size for SRS (Equation 4.1: n=307) was multiplied by the design
effect of 2.4, giving a minimum sample size of 737 participants (i.e. 307*2.4).
Therefore, fifty SSUs were required to select the study sample computed for
complex sampling design (737 sampling units/15 sampling units per SSU). The
final sample size required for the study was determined as 750 sampling units (15

sampling units*50 SSUs).

4.5 Sampling design

A complex sampling design comprised of three stage probability sampling was
used to recruit the 750 participants for the present study representing the rural
sector of the entire Kegalle district. Population data from the Sri Lankan census of

population and housing 2012 were used for this purpose.?*®

Figure 4.3 (page 167) illustrates the stages of the sampling design. As mentioned
in Section 4.4 (page 158), divisional secretariat divisions were considered as PSUs

and GN divisions were considered as SSUs.
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Figure 4.3 Schematic diagram representing the stages of sampling design

Kegalle district-11 Divisional secretariat
divisions, comprised of 573 Grama Niladhari
— divisions)

(Population aged >60 years) 125,069)
i
i
g Probability proportional to size
6 Divisional secretariat divisions/PSUs
— (comprised of 327 Grama Niladhari divisions)
(Population aged 260 years 72,704)
SR
o l Probability proportional to size
&
@ 50 Grama Niladhari divisions/SSUs
(Population aged 260 years 12,185)
~—

- |

15 participants stratified by ‘age-and sex’
o from each Grama Niladhari areas were
5 selected randomly.
©
& Total study sample (50*15) = 750
~—

Note: Figure was taken from a published paper by Siriwardhana et al?°.
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The steps followed in each stage of the sampling has been described in detail

below.

451 Stagel

During stage 1, six out of eleven divisional secretariats (PSUs) were selected
according to the probability proportional to size (PPS) technique. The total
number of older adults aged 260 years in the entire Kegalle district was 125,069.
The population distribution by urban, rural, and estate sectors was 2,494 (2.0%),
115,663 (92.5%), and 6,912 (5.5%) respectively. However, sector wise data at
micro level (divisional secretariat level and GN level) were not available at the
time of designing this study. Hence, aggregated data were used considering the
dominant share of the (older) population in the rural sector. Therefore, the

sampling interval for PSUs was calculated as (125,069/6) =20,845.

The following steps were followed to select the six PSUs.

i. The number of older adults in each divisional secretariat and the
cumulative number was listed according to the order presented in the
Department of Census and Statistics-Sri Lanka (Table 4.3, page 169).

ii. A random number was generated using Winpepi software?®! between 1
and 20,845 as the random starting point.

iii. The random starting point was 12,685. Hence the first divisional
secretariat to be included in the sample was where the 12,685™ older

individual laid (Mawanella).
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iv.  The sampling interval was added to the random generated number to
select the second divisional secretariat (Aranayake).
v. This procedure continued until the sixth divisional secretariat was

selected. Table 4.3 (below) presents the selected PSUs in stage 1.

Table 4.3 Selected divisional secretariats (PSUs) at stage 1 using PPS technique

Divisional secretariat Total population Cumulative Selected divisional
population secretariats from PPS
Rambukkana 12,515 12,515
Mawanella 14,896 27,411 (12,685) Selected
Aranayake 10,566 37,977 (33,530) Selected
Kegalle 14,260 52,237
Galigamuwa 11,479 63,716 (54,375) Selected
Warakapola 17,356 81,072 (75,220) Selected
Ruwanwella 9,880 90,952
Bulathkohupitiya 7,156 98,108 (96,065) Selected
Yatiyanthota 8,878 106,986
Dehiovita 11,251 118,237 (116,910) Selected
Deraniyagala 6,832 125,069
452 Stage?2

The total number of GN divisions (SSUs) in the selected six divisional secretariats
(PSUs) were 327. Fifty out of 327 GN divisions were selected at stage 2 using PPS
technique. There were no exclusive urban or estate sector GN divisions in the
selected PSUs. The total number of older adults in these six divisional secretariats
according to the 2012 census was 72,704. Therefore, the sampling interval for

SSUs was calculated as (72,704/ 50) =1,454.
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The following steps were followed to select 50 SSUs.

The number of older adults in each GN division and cumulative
number were listed according to the order presented in the
Department of Census and Statistics-Sri Lanka.

A random number was generated using Winpepi software?®!
between 1 and 1,454 as the random starting point.

The random starting point was 718. The first cluster to include in the
sample was where the 718" individual laid.

The sampling interval was added to the random generated number
to select the second GN division.

This procedure was continued until the 50" GN division was

selected.

Figure 4.4 (page 171) shows the fifty GN divisions of Kegalle district (marked in

pink colour) included in the present cross-sectional study.
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Figure 4.4 GN divisions of Kegalle district included in the present population-

based cross-sectional study

SAMPLE CLUSTER MAP IN KEGALLE DISTRICT Y w@[
Scale 1:170,000 &y > 5

Compiled using Kegalle District Map and SD_ALL_GND_SLD99_ V10 database.
Prepared by The Survey Department of Sri Lanka, Special Mapping Unit I1-2019
Ref No: 2019/301
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4.5.3 Stage3

During the third stage, 15 participants were recruited from each SSU using
proportionate stratified sampling (i.e. the sample size of each stratum is
proportionate to the population size of the stratum). The sampling frame was
constructed using information (birth year was identified using the national
identity card number and sex) available in the electoral register of each SSU. The
electoral register is updated annually and it is mandatory to provide accurate
information from each household to the Grama Niladhari officer (the government
administrative officer in the respective area). When developing the sampling
frame of each of the 50 selected SSUs, the Grama Niladhari officer was contacted
to identify deceased persons and older adults who had moved out from the GN

division.
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Table 4.2 (page 165) demonstrates the number of participants recruited from
each strata based on the ‘age-and sex’ distribution of older adults in Kegalle
district. ‘Age-and sex’ strata were used as frailty is known to increase with age and
vary by sex (generally females are frailer compared to males!33). Three female and
two male participants were selected from the 60-64 years age category. Two
participants each from males and females were selected from the 65-69 years age
category. For the other three age categories (70-74, 75-79, 280 years) one
participant each from male and female per age category was selected. Only one

participant was selected from a given household.
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4.6 Survey weights calculation

Use of final survey weights is a standard practice in the analysis of data obtained
from complex sample survey designs. These weights are typically provided with
survey datasets to enable researchers to suitably correct for unequal probabilities
of selection and make adjustments for non-response (including post-
stratification, where the weight is adjusted at the final step to match the known
population across key variables such as age and sex). Therefore, the final survey
weights (wgingr) in @ survey dataset are typically the product of the sample
selection weight factor (wge;), @ non-response adjustment factor (w,,-), and the
post-stratification factor (w,s).>* Equation 4.6 (below) demonstrates the method
of calculating the final survey weight for a given population element (i) included
in the sample.?® The final survey weight assigned to each survey participant
reflects the number of population members represented by that participant.
Thus, final survey weights allow the computation of unbiased estimates of
descriptive parameters (e.g. the prevalence of frailty) and regression

parameters.2¢?

Winali = Wsel,i X Wnri X Wps i, Equation 4.6
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4.6.1 Sample selection weight factor

The sample selection weight factor (base weight) (wse;) is computed as the
reciprocal of the probability that a population element (i) was selected to the
sample, wge; ; = 1/f;. Therefore, the wg; is computed in multi-stage probability
sampling by multiplying the probabilities of selection at each stage of sampling
and then taking the reciprocal of the product of the probabilities.?®* The
probability of selecting participants in the three-stage probability sampling used

in the present study was computed using the Equation 4.7 (below) proposed by

Kish.263
f=fAXfiXf3 Equation 4.7
where;
f = overall three-stage sampling probability for participants
fi = stage 1 sampling probability for participants (selection of PSUs)
fa = Stage 2 sampling probability for participants (selection of SSUs)
fz = Stage 3 sampling probability for participants
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The expanded version of the Equation 4.7 (page 175) is Equation 4.8 (below) and
it was used to compute the sample selection weights of the participants included

in the present study.

f = MOS, X ay, o bg X MOSg(q) o Ch Equation 4.8
~ MOS; Mos, MOSg ()

Descriptions of the notations according to this study design is as follows;

where;
f =  overall three-stage sampling probability for participants
MOS, = total population measure of size in the selected PSU a
ap = number of PSUs to be selected from design stratum h
MOS,, = total population measure of size in the design stratum h
b, = number of SSUs (area segments) selected in the PSU a
MOSg) = total population measure of size for the SSU 8 =1,...b,
Cn = a stratum-specific constant

4.6.2 Non-response adjustment factor

Only four non-respondents out of the 750 potential participants were reported in
the present study (response rate 99.5%). Hence, a non-response adjustment

factor was not incorporated into the final survey weights in this study.
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4.6.3 Post-stratification factor

Post-stratification is another weighting technique that adjusts the sampling
selection weights of the survey participants to account for the oversampling
and/or under sampling. Applying these stratification corrections to the observed
sample is completed after collecting the survey data. Thus the weighted sample
distributions conform to the known survey population distributions across the
post-strata. The auxiliary variables used to form post-strata are required to satisfy
the following criteria: (i) they should be variables such as age, sex, and region
where accurate population totals are available from external sources; (ii) should
be highly correlated with key survey variables; and (iii) predictive of noncoverage
in the sampling frame. In order to assure the efficiency of post-stratification, post-
strata are required to include a minimum of 15-25 participants.?®® The post-
stratification option in Stata was used to incorporate the post-stratification
weights to appropriately adjust the sample selection weights and thereby
compute the final survey weights for use in statistical analyses of this study. Ten
post-strata were defined for the present study by using age in the following five-
year bands (60-64, 65-69, 70-74, 75-79, and >80 years) by sex. The survey
population distribution in Kegalle district by ‘age-and sex’ strata was obtained

from the latest available census of population and housing in Sri Lanka (2012).2%°
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4.7 Study instruments and data collection

4.7.1 Assessment of frailty

4.7.1.1 Operationalising Fried phenotypic frailty components

Frailty was assessed in the present study using the Fried phenotype of frailty

proposed in the Cardiovascular Health Study (CHS).*°

The Fried phenotype is an
extensively used tool globally and has been used with different older populations
due to its strong physiological base®®, and good concurrent, and predictive
validity.1> >¢ All five phenotypic components (shrinking, poor endurance and
energy, weakness, slowness, and low physical activity) proposed in the original
study were retained for the present study. Of the five components, | only altered
the methods used to operationalise the shrinking and low physical activity
components, thereby preserving the methods used to operationalise the other

three components. The rationale for any modifications and methods used to

operationalise the five frailty components in this study are described below.

Shrinking/(weight loss): in the original study, shrinking was operationalised as
self-reported unintentional weight loss of 210 pounds in the prior year or at
follow-up, loss of 25.0% of body weight in the prior year by direct measurement
of weight.® In the rural Sri Lankan context, the majority of older adults do not
monitor their weight regularly. Hence, self-reported weight loss was not a reliable
option to use in this study. Moreover, this study was a cross-sectional survey and

| therefore had no access to valid serial weight measures. Instead, | used BMI<18.5
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kg/m? as the indicator of shrinking, which is a commonly used alternative method
to operationalise this component of frailty.®! Anthropometric measurements
were taken according to the protocol proposed by the International Society for
Advancement of Kineanthropometry.?®* Weight was measured to the nearest 0.1
kg using a calibrated electronic scale (Seca 874) when participants were wearing
light clothing. Height was measured to the nearest 0.1 cm using a stadiometer
(Seca 213). Both measurements were taken when participants were in a standing
position and were barefoot. Weight and height measurements were taken in
triplicate and the mean of those measurements were used to calculate BMI

(BMI=Weight in kg/ (Height in metres squared).

Poor endurance and energy: this was operationalised in terms of self-reported
exhaustion and assessed using two questions in the Center for Epidemiologic
Studies-Depression (CES-D) scale.?®® The two questions (Questions 7 and 20) from
the validated Sinhala version of the CES-D scale 2°® and the Tamil translation of
the two questions were used. The two questions were “| felt that everything | did
was an effort” and “l could not get going”. The participants were asked: “How
often last week did you feel this way?” The answers were scored from 0 to 3: zero
(0) for rarely or none (<1 day), 1 for some or a little (1-2 days), 2 for moderate
amount (3-4 days), and 3 for most of the time (5-7 days). Participants scoring 2 or

3 on either of these two questions were considered as frail for this component.

Weakness: this was measured using isometric grip strength in kilogrammes (kg).

The Southampton protocol for adult grip strength measurement was followed.2’
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Grip strength measurements were taken in triplicate in both hands using JAMAR
hydraulic hand dynamometer model 5030J1. The highest of six grip strength
measurements was taken for the analysis. Participants belonging to the lowest
quintile of grip strength after adjusting for sex and BMI quartiles of the sample

were considered as indicative of weakness (i.e. frail for this component).

Slowness: this was operationalised in terms of gait speed. A 15 feet distance was
marked using a steel tape. Participants were asked to stand with both feet
touching the standing line (one marker of 15 feet). Then the “begin” command
was given. The stop watch was activated when the participant started to walk and
it stopped when the participant crossed the end line. The time taken to walk 15
feet at a usual pace was measured twice and the mean of the two values was
taken for the analysis. Participants were permitted to use assistive devices (i.e.
cane, walker) if necessary. Participants’ walking time in the highest time quintile
after adjusting for sex and median height of the study sample was considered as
indicative of slowness (i.e. frail for this component). Individuals unable to perform

the walking test were also considered as frail for this component.

Low physical activity: this was measured using the short version of International
Physical Activity Questionnaire (IPAQ)-Short Form?®® culturally adapted and

)%%% and its Tamil translation. The

validated in a Sri Lankan context (Sinhala version
original instrument used to assess physical activity in the CHS (Minnesota Leisure

Time Activity questionnaire)!® has not been culturally adapted or validated in a Sri

Lankan context, and could not therefore be used. The IPAQ-Short Form
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guestionnaire assessed the duration (minutes) and frequency (days) of vigorous
intensity and of moderate intensity physical activities as well as walking over the
last 7 days. Questions on sitting were also asked. Activities which lasted less than
10 minutes were not counted. Vigorous intensity physical activities included
heavy construction, heavy lifting, digging, chopping fire wood, running fast,
cycling fast, swimming, and climbing up a stair case or a hill. Moderate intensity
physical activities included housework and house maintenance work, running,

swimming, cycling at a slow pace, and engaging in outdoor games.

The total amount of time (in minutes) that older adults engaged in: (i) vigorous
intensity activities, (ii) moderate intensity activities, and (iii) walking, over the last
seven days were obtained by multiplying the frequency and duration of each
activity type. A metabolic equivalent (MET) is defined as resting metabolic rate.?”°
One MET is the amount of oxygen consumed at rest, sitting quietly in a chair.?’°
MET values reflect the energy cost of physical activities as a multiple of the resting
metabolic rate. The corresponding MET values for the three types of physical
activity assessed in the IPAQ-Short Form are as follows: vigorous physical
activities=8.0 METs, moderate physical activities=4.0 METs, and walking=3.3
METs. The time spent on each type of activity was multiplied by the average MET
score derived for each type of activity to obtain MET-minutes per week by activity
type. The sum of all three MET-minutes per week values yielded the total physical
activity MET-minutes per week. A spreadsheet with automatic scoring®’!

|272

developed in line with the IPAQ scoring protocol“’* was used to calculate the MET-
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minutes per week. MET minutes per week were converted to kilocalories to be
comparable with other studies.?’”?> The lowest quintile of weekly kilocalorie
expenditure adjusted for sex was considered as frail for this low physical activity

component.

A data extraction form, Appendix 5 (page 433) was created to record the weight,
height, grip strength, time taken for a 15 feet walk, and responses to the two

guestions of the CES-D scale.

4.7.1.2 Calculation of cut-off points for weakness, slowness, and low

physical activity level frailty components

Cut-off points for the weakness, slowness, and low physical activity components
of frailty were computed based on the anthropometry of the present study
sample (where appropriate) after accounting for the complex sampling strategy.
Participants with missing values were excluded while calculating the cut-off points
for the relevant frailty component. Of all participants in the unweighted sample,
nine did not have measurements of height and weight that were required to
calculate BMI due to medical conditions (these participants could not stand
independently). Grip strength data for these participants were also missing as BMI

is required for calculating the grip strength cut-off points.
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4.7.1.3 Comparison of methods used to operationalise Fried phenotypic
frailty components in the present study with Cardiovascular Health

Study?

Table 4.4 (page 184) presents a comparison between the methods used to
operationalise each frailty component and cut-off points for weakness, slowness,
and low physical activity computed for the present study with those used in the
original Cardiovascular Health Study (CHS). The anthropometry of the present
study sample of Sri Lankan older adults was markedly different to the original
study of older adults aged 265 years in USA. BMI quartiles and median height of
Sri Lankan older adults were low for both sexes compared with the original study.
Respective grip strength and gait speed cut-off points were also low in this Sri
Lankan sample compared with the original study. Weekly kilocalorie expenditure
was higher in the present study as the IPAQ-Short Form assessed the time
participants engaged in all types of vigorous and moderate physical activities and

walking throughout the past week whereas the original study only assessed

engagement in leisure activities.
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Table 4.4 Comparison of Fried phenotypic frailty components and respective cut-

off points used in the present study with the Cardiovascular Health Study (CHS

)10

Present study

Shrinking
BMI<18.5 (kg/m?)

CHs®

Unintentional weight loss of 210
pounds in prior year (self-reported)

Poor endurance and energy (self-reported exhaustion)

Two questions in the Center for
Epidemiologic Studies- Depression
(CES-D) scale

Weakness (assessed by grip strength)
Sex, BMI (kg/m?) Estimate (kg)

Female, BMI <19.7 <13.0

Female, BMI 19.8-22.1 <14.0
Female, BMI 22.2-24.7 <16.0
Female, BMI > 24.7 <16.0
Male, BMI <18.8 <20.0
Male, BMI 18.9-20.8 <20.0
Male, BMI 20.9-23.3 <18.0
Male, BMI > 23.3 <27.0
Slowness (assessed by gait speed)
Walking distance is 15 feet
Sex, Height (cm) Estimate
(seconds)
Female, <146.5 >10
Female, >146.5 >8
Male, <160 >8
Male, >160 >7
Low physical activity
Using IPAQ-Short Form
Sex (Kcals/week)
Female <552
Male <528

Two questions in the Center for
Epidemiologic Studies- Depression
(CES-D) scale

Sex, BMI (kg/m?) Estimate (kg)
Female, BMI < 23.0 <17.0
Female, BMI 23.1-26.0 <17.3
Female, BMI 26.1-29.0 <18.0
Female, BMI > 29.0 <21.0
Male, BMI £ 24.0 <29.0
Male, BMI 24.1-26.0 <30.0
Male, BMI 26.1-28.0 <30.0
Male, BMI > 28.0 <32.0
Sex, Height (cm) Estimate
(seconds)
Female, <159 >7
Female, >159 26
Male, <173 >7
Male, >173 26

Minnesota Leisure Time Activity
Questionnaire

Sex (Kcals/week)
Female <270
Male <383
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4.7.1.4 Definition of frailty status

Participants who had completed data on >3 frailty components were used to
evaluate the frailty status. As proposed in the original study'®, participants with
three or more components were considered as frail, those with one or two
components were considered as pre-frail, and those with none of the five

components described above were considered as robust/non-frail.

4.7.2 Assessment of the factors associated with frailty

A pre-tested interviewer administered structured questionnaire in four parts
(sociodemographic; health-related; social activity and social support; and lifestyle
factors) was used to collect data on the factors potentially associated with frailty
Appendix 6 (page 435). The questionnaire was comprised of questions originally
developed for this study, questions used in previous studies, and standard
questionnaires/scales that have been referenced appropriately. The
guestionnaire was originally designed in English language and then translated into
both Sinhala and Tamil languages (the two main local languages spoken in Sri
Lanka). | performed the Sinhala translation of the questionnaire (I am a native
Sinhala speaker). Tamil translation was completed by a native Tamil speaker
fluent in English with a bachelor’s degree in Health Promotion (KK). The entire
guestionnaire was pre-tested with 10 older adults (five males and five females)
living in a GN division of the same district that did not belong to a sampling area
under the present study to identify the best order in which to administer the study
instruments and to identify the questions that needed probing (i.e. follow-up
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questions that needed participants to provide additional information). | briefly

describe the four parts of the questionnaire in turn.

4.7.2.1 Sociodemographic factors

The first part of the questionnaire collected information on sociodemographic
factors including age at last birthday, sex, ethnicity, marital status, number of
children, education level, longest-held occupation, current income generation
activity, availability of a monthly income and its type, monthly income of
household, number of household members, and subjective financial strain®’*

(Appendix 6, page 435).

4.7.2.2 Health-related factors

The second part of the questionnaire was on health-related factors, namely
physical health and psychological health. It included questions on chronic disease
conditions: either recorded as verified (where the participant showed the
researcher medical documentation verifying the diagnosis) or as self-reported by
the participant (non-verified). Other questions included whether the participant
is taking medicine/s regularly, type of medicine/s taken, number of medicine/s
currently taken from each type, number of visits to a physician during the last 3
months, the usual place for seeking medical assistance, number of hospital
admissions during the preceding year, the duration of the last hospital admission,
number of falls during the preceding year, fear of falling (measured using the

shortened version of the falls efficacy scale-international (Short FES-1))?’%, use of
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assistive devices, type of assistive device used and frequency of use, chronic pain
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and the severity of it, self-perception of vision ability?’®, hearing ability?’®, oral

health?”’, and general health?’® (Appendix 6, page 435).

Cognitive function was assessed using Montreal Cognitive Assessment (MoCA).?”®

It is a widely used, valid and reliable assessment of cognitive impairment. The
MoCA has been translated into Sinhala, adapted and validated with Sri Lankan
adults aged >50 years.?®° The Sinhala version of the MoCA showed a good internal
consistency and concurrent validity (Cronbach’s alpha was 0.82).2%° The sensitivity
and specificity of the assessment in detecting dementia using a cut-off value of 24
were 98.1% and 79.6% respectively.?® The 15-item Geriatric Depression Scale
(GDS-15) was used to screen for the presence of depression symptoms.28! The 15-
item GDS has been translated into Sinhala (GDS-S) and evaluated for concurrent
validity with a group of adults aged 255 years attending a psychogeriatric
outpatient clinic in Sri Lanka.?®? The optimal cut-off score for 15-item GDS-S was
8 for differentiating non-depressed from mildly depressed older adults. Both
sensitivity and specificity of 15-item GDS-S were estimated at 73.3% for

differentiating depressed from non-depressed older adults.?®?

4.7.2.3 Social activity and social support

The third part of the questionnaire included questions on living arrangements,
social participation in different activities, and social support. The social activity

scale of the leisure participation questionnaire that has been used with Malaysian
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older adults*®>® was used to assess participation in different social activities with
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slight modifications according to the Sri Lankan cultural context. For instance,
under religious activity: ‘going to mosque and marhaban class’ were replaced to
‘going to temple and observing sil’. There was one item called ‘window shopping’
and it was not included in the questionnaire of the present study as it is not a
common activity among Sri Lankan older adults. The Oslo 3-item social support

284 was used to assess the availability of social support. This is a short

scale
guestionnaire with three questions about the number of close confidants, sense

of concern or interest from other people, and relationship to neighbours

(Appendix 6, page 435).

4.7.2.4 Lifestyle factors

The fourth part of the questionnaire was on lifestyle factors which included
smoking status, alcohol consumption, and diet. The smoking section comprised of
guestions on ever smoking status, including two questions assessing current
smoking status using the standard National Health Interview Survey (NHIS)
current smoking definition.?®> Questions from the ‘tobacco use’ module of WHO

1286 were also included (Appendix 6, page 435). These

STEPS instrument version 3.
guestions covered the type of tobacco product used if a daily smoker, the average

units smoked from each listed tobacco product, age of smoking initiation, and age

of smoking cessation if applicable.

The questions on alcohol consumption were taken from the alcohol module of the
WHO STEPS instrument version 3.1 (Appendix 6, page 435).2%® The alcohol

consumption section contained questions on whether adults had ever consumed
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alcohol, alcohol consumption within the past 12 months and its frequency, alcohol
consumption within the past 30 days and its frequency, and the number of
standard drinks consumed on average in one drinking occasion. The amount of
alcohol contained in a single standard drink or single unit vary by country. The UK
is the only country that uses the term ‘unit’ to express the equivalent of a standard
drink.?®” In a study conducted with a nationally representative sample of Sri
Lankans, 8g of pure alcohol was considered as one unit.?®® Authors have presented
a reference table which includes pure alcohol percentage by volume of different
alcoholic beverages used in Sri Lanka, a single unit in mililiters and single unit in
conventional measurements. A show card presenting this table was used to
explain the standard drink/unit of alcohol to study participants (Appendix 7, page

451).

Questions on the frequency of vegetables and fruit consumption and their serving
sizes were taken from the diet module of WHO STEPS instrument version 3.1
(Appendix 6, page 435).%8° Consumption of only vegetables and fruits is assessed
in the WHO STEPS survey. A similar question format was followed to assess the
consumption and serving sizes of the following food groups during this study:
green leaves, animal protein sources, plant protein sources, milk, and diary
products. A show card that included a table that explained the serving sizes of
different food items produced by the Nutrition Division-Ministry of Health, Sri
Lanka (in collaboration with the WHO) was used to explain the serving sizes to
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participants (Appendix 8, page 452).
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4.7.3 Assessment of disability

Disability was operationalised in terms of activity limitations in instrumental
activities of daily living (IADL) and limitations in basic activities of daily living

(BADL).

There was no culturally adapted and validated IADL scale to use with Sri Lankan
older adults. Therefore, as a part of this PhD | undertook a cross-cultural
adaptation of the Lawton Instrumental Activities of Daily Living (Lawton IADL)
scale®® following standard guidelines®! and tested the reliability and validity of
the Sinhala version of the scale. The process for cross-cultural adaptation and
psychometric evaluation of the scale has been published®? and is presented in
Chapter 5 (page 213). IADL tasks relate to household management tasks and are
used to determine an individual’s ability to live independently in the community.
The original Lawton IADL scale assessed eight activities which include: ability to
use telephone, shopping, food preparation, housekeeping, laundry, transport,
ability to handle finances, and responsibility for own medication. Self-reported
capacity of performing each activity was recorded in the present study. According
to the scoring protocol proposed in the scale, participants were classified into two
categories as ‘dependent’ (0) and ‘independent’ (1) for each item.?®® Since the
scale comprises of 8 items, the total score of the scale ranges from 0-8: a higher
score means a higher level of independence. | used the classification proposed by
Ng et al to further classify these IADL activities into two domains: physical and

cognitive.?%3
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BADL limitations were measured using the Barthel index?** that has been
validated in a Sri Lankan context.?®> 2°> The Sinhala version of the 10-item Barthel
index showed a high internal consistency with a Cronbach’s alpha value of 0.92.2%
BADL tasks involve self-care activities that require fundamental skills to manage
basic physical needs. The Barthel index consists of 10 items and measure basic
activities of daily living and mobility.?®* Items of the index include: feeding,
bathing, grooming, dressing, continence of bowels and bladder, toilet use,
transfers from bed to chair and back, walking on a level surface (mobility), and
going up and down stairs. Self-reported actual performance was recorded in the
present study. According to the response for each item, participants were
classified into two groups as ‘dependent’ (0) and ‘independent’ (1) (Table 4.5,

page 192). The total score of the Barthel index therefore ranges from 0-10: a

higher score means a higher level of independence.
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Table 4.5 Classification of responses in the Barthel index as ‘dependent’ and

‘independent’ for the present study

Item

Feeding

Bathing

Grooming

Dressing

Bowels

Bladder

Toilet use

Response options

unable

needs help cutting, spreading butter, etc., or requires
modified diet

independent

dependent
independent (or in shower)
needs to help with personal care

independent face/hair/teeth/shaving (implements
provided)

dependent

needs help but can do about half unaided
independent (including buttons, zips, laces, etc.)
incontinent (or needs to be given enemas)
occasional accident

continent

incontinent, or catheterized and unable to manage alone
occasional accident

continent

dependent

needs some help, but can do something alone

independent (on and off, dressing, wiping)

Dependent
or
Independent
Dependent

Dependent

Independent
Dependent

Independent
Dependent

Independent

Dependent
Dependent
Independent
Dependent
Independent
Independent
Dependent
Independent
Independent
Dependent
Dependent

Independent
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Table 4.5 continued. Classification of responses in the Barthel index as

‘dependent’ and ‘independent’ for the present study

Item

Transfers
(Bed to
chair and
back)

Mobility
(on level
surfaces)

Stairs

Response options

unable, no sitting balance

major help (one or two people, physical), can sit
minor help (verbal or physical)

independent

immobile or < 50 yards

wheelchair independent, including corners, > 50 yards

walks with help of one person (verbal or physical) > 50
yards

independent (but may use any aid; for example, stick)
> 50 yards

unable
needs help (verbal, physical, carrying aid)

independent

Dependent
or
Independent
Dependent

Dependent
Dependent
Independent
Dependent
Dependent
Dependent

Independent

Dependent
Independent

Independent
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4.7.4 Assessment of quality of life

The quality of life of the participants was assessed using the Older People’s Quality
of Life Questionnaire (OPQOL-35). This was developed to measure QoL in older
adults and found as a valid and reliable tool with an ethnically diverse community-
dwelling older population in Britain.?°¢2% |t has 35 items, and participants were
asked to what extent they agree with each item. Response options for the OPQOL-
35 questionnaire were on a five point Likert scale, from “strongly agree” to
“strongly disagree”. Study participants were given a show card listing these five
response options when administering the questionnaire (Appendix 9, page 453).
The OPQOL-35 questionnaire has eight sub scales: (i) life overall; (ii) health; (iii)
social relationships and participation; (iv) independence, control over life and
freedom; (v) home and neighbourhood; (vi) psychological, and emotional
wellbeing; (vii) financial circumstances; and (viii) leisure activities and religion.
After reverse coding for positive items, the total QoL score ranges from 35 (worst
possible) to 175 (best possible). The OPQOL-35 questionnaire has been translated
into Sinhala and previously used to assess the quality of life of older adults in Sri
Lanka.’* The Sinhala version of the questionnaire demonstrated good internal
consistency: Cronbach’s alpha was 0.86 in a previous study conducted in
Anuradhapura district of Sri Lanka.'’* | calculated the internal consistency of the
OPQOL-35 questionnaire for the present study and it was good (alpha 0.86).
However, the internal consistency of the different domains varied from poor in
the ‘leisure activities and religion” domain (alpha=0.33) to good in the ‘financial

circumstances’ domain (alpha=0.82) (Table 4.6, page 195).
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Table 4.6 Internal consistency of the different domains of quality of life in OPQOL-

35 questionnaire

Domain
D1

Life overall

D2

Health

D3

Social
relationships
and
participation

D4

Independence,
control over
life, and
freedom

Questions representing each domain
1. I enjoy my life overall (+)
2. 1 am happy much of the time (+)
3. I look forward to things (+)
4. Life gets me down (-)
5.1 have a lot of physical energy (+)
6. Pain affects my wellbeing (-)

7. My health restricts me looking after myself or my
home (-)

8. | am healthy enough to get out and about (+)

9. My family, friends or neighbours would help me if
needed (+)

10. | would like more companionship or contact with
other people (+)

11. | have someone who gives me love and affection (+)
12. I would like more people to enjoy life with (+)

13. I have my children around which is important (+)
14. 1 am healthy enough to have my independence (+)
15. | can please myself what | do (+)

16. The cost of things compared to my pension/income
restricts my life (-)

17. 1 have a lot of control over the important things in my
life (+)

Cronbach’s
alpha (N)
0.57 (745)

0.80 (746)

0.64 (746)

0.57 (745)
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Table 4.6 continued. Internal consistency of the different domains of quality of

life in OPQOL-35 questionnaire

Domain
D5

Home and
neighbourhood

D6
Psychological

and emotional
wellbeing

D7

Financial
circumstances

D8

Leisure
activities and
religion

Questions representing each domain

18. | feel safe where | live (+)

19. The local shops, services and facilities are good overall

(+)

20. | get pleasure from my home (+)

21. | find my neighbourhood friendly (+)

22. | take life as it comes and make the best of things (+)
23. | feel lucky compared to most people (+)

24. | tend to look on the bright side (+)

25. If my health limits social/leisure activities, then | will
compensate and find something else | can do (+)

26. | have enough money to pay for household bills (+)

27. | have enough money to pay for household repairs or
help needed in the house (+)

28. | can afford to buy what | want to (+)
29. | cannot afford to do things | would enjoy (-)

30. | have social or leisure activities/hobbies that | enjoy
doing (+)

31. | try to stay involved with things (+)

32. 1 do paid or unpaid work or activities that give me a
role in life (+)

33. I have responsibilities to others that restrict my social
or leisure activities (-)

34. Religion, belief or philosophy is important to my
quality of life (+)

35. Cultural/religious events/festivals are important to
my quality of life (+)

Cronbach’s
alpha (N)
0.51 (745)

0.52 (742)

0.82 (746)

0.33 (745)

(+) positively worded questions (-) negatively worded questions
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Data collection
4.7.5 Data collection procedure

The data collection for this study was conducted from 3™ October to 23"
December 2016. Five research assistants who had completed a Bachelor’s degree
in Nursing collected the survey data from the entire sample. They were assisted
by five field assistants who had passed the General Certificate of Education
Advanced Level examination. Comprehensive training was given to both the
research assistants and field assistants on all aspects of the study. A two day
workshop, including field training was conducted to explain the protocol of the
study, data collection methods, study instruments, and ethical aspects of the
study, etc. Practical training experience on taking anthropometric measurements,
conducting the physical performance tests, and administering questionnaires in
the prescribed manner were provided to research teams with older adults in a GN

division of the Kegalle district that was not included in the sampling design.

There were five teams and each team comprised of a research assistant and a field
assistant. | supervised the field work on a daily basis and allocated the selected
participants to each team. The Grama Niladhari officer of the respective GN
division provided assistance to identify the households of potential participants
and introduced the research team to the participants and their household
members. In general each team collected data from three participants in a single

GN division. The Sri Lankan supervisor of my PhD (MCW) also made 12 field visits
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to assist with training the whole research team and supervise the data collection

process.

4.7.6 Quality of data

This section briefly summarises the methods employed to assess the quality of
data collected and corresponding results. The estimated internal consistency
(measure of scale reliability that indicates to what extent the different items in an
instrument measure the same concept®?) of all study instruments was considered
as ‘good’ with the present study sample except the ‘Oslo 3-item social support
scale’ (Cronbach’s alpha=0.61) and the ‘Social activity participation scale’
(Cronbach’s alpha=0.27). The Oslo 3-item social support scale demonstrated a
moderate Cronbach’s alpha, 0.61 (a common measure of internal consistency)
and therefore was used in subsequent analyses. However, this scale (Oslo 3-item
social support scale) has not been validated in Sri Lanka yet. Due to poor internal
consistency, ‘Social activity participation scale’ was excluded from the present

study (Appendix 10, page 454).

In order to assess intra-rater reliability, the same research assistant measured
height and weight, measured grip strength in both left and right hands of the
participants in three trials, and measured the time taken to walk 15 feet in two
trials. The intra-rater reliability of these anthropometric measurements and
physical performance tests was excellent across all five research assistants
(Appendix 11, page 456). Inter-rater reliability of the responses for selected
questions was assessed between five research assistants and myself (DDS) ranging
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from moderate to excellent except on a few occasions (Appendix 12, page 458).
The inter-rater reliability of the Lawton IADL scale-Sinhala version is presented in
Chapter 5 (page 213). The intra-rater and inter-rater analyses were only
performed to explore the quality of the data collected. Any measurement or

guestion was not excluded during the analyses based on these results.

4.8 Data analysis

4.8.1 Data entry, cleaning, and verification

In order to ensure the consistency of data entry, a booklet was developed with
guidelines and coding instructions where appropriate for each variable in the
guestionnaire. Data were double entered into two SPSS databases, version 24
(SPSS Inc, Chicago, IL) by two operators (DDS and NK). The SPSS databases were
imported into EpiData software version 3.1%%° and, if necessary, discrepancies
were corrected with reference to the original questionnaires. The corrected
database was imported into Stata version 15 (StataCorp, College Station, Texas,
USA) for data cleaning. Variable codes in the database were checked against the
actual codes in the codebook. Frequency analysis and cross-tabulations (where
appropriate) of all variables were performed to identify missing values, outliers,
and any data entry errors. Graphical explorations of distributions were performed

using histograms, scatter plots, and box plots.
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4.8.2 Covariates used in the analyses

4.8.2.1 Sociodemographic variables

Sociodemographic characteristics included: sex, age (age in years presented as
five groups; 60-64, 65-69, 70-74, 75-78, 280), ethnicity, marital status, and living
arrangements. Social support was measured using the Oslo-3 item social support
scale. The total score of the scale ranged from 3-14 and participants were
classified into three categories based on standard cut-offs: 3-8 as ‘poor support’,
9-11 as ‘moderate support’, and 12-14 as ‘strong support’. The International
Standard Classification of Education (ISCED) was used to classify the educational
level of the participants. Classification of the longest-held income generation
activity/occupation was performed using the Sri Lanka Standard Classification of

O which is based on the International Standard Classification of

Occupation®
Occupations 2008 (ISCO-08).3%1 ISCO-08 comprised of 10 major occupation groups
and is further divided into four skill levels where skill level four requires the
highest intellectual capacity.3** Subjective financial strain was assessed using a
validated single question “How well would you say you are managing financially

these days?” .24
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4.8.2.2 Health-related variables

Nine health-related factors were included in the analysis. Multimorbidity was
defined as co-existence of two or more concurrent chronic medical conditions.3°%
303 The most common definition used to define polypharmacy (a numerical

definition of five or more medications used daily>%*)

was employed in the present
study. Existence of chronic pain in any part of the body was self-reported (yes/no).
Montreal Cognitive Assessment (MoCA) was used to assess cognitive status: the
total score of the assessment ranged from 0-31, with a higher score indicating
higher cognition. The cut-off value of <24 has provided the best balance between
sensitivity (98.0%) and specificity (79.6%) in detecting dementia with a sample of
Sri Lankan adults aged >50 years.?° The original MoCA validation study reported
sensitivity of 100.0% and specificity of 87.0% in detecting mild Alzheimer’s disease
and 90.0% sensitivity of detecting mild cognitive impairment at the cut-off of
<26.%”° The MoCA website has provided cut-off scores for grading the severity of
cognitive impairment as follows: mild cognitive impairment (18-25), moderate
cognitive impairment (10-17), and severe cognitive impairment (<10).3%
However, research for these severity ranges has not been established yet. When
| applied these cut-offs to this present Sri Lankan sample (after replacing the
upper limit of mild cognitive impairment: score of 25 from 23), 28.5% and 7.0%
belonged to the moderate and severe cognitive impairment categories

respectively. It is also of note that | only recruited the participants who were

capable of giving informed consent. Considering all these factors | used median
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MoCA score=20 of the present sample to divide participants into two groups in
order to use in the data analyses. The 15-item Geriatric Depression Scale (GDS-
15) was used to assess the presence of depressive symptoms. The total score of
the scale ranged from 0-15, where a higher score indicated higher depressive
symptoms. Participants were classified into three categories based on the total
score as follows: ‘almost always indicative of depression’-high risk (score >10),
‘suggestive of depression’-moderate risk (score 5-9), and ‘normal’-low risk (score
0-4). Self-perceived vision and hearing ability and self-perceived oral health and
general health were assessed using a five point Likert scale: the response options

were ‘poor’, “fair’, ‘good’, ‘very good’, and ‘excellent’.

4.8.2.3 Lifestyle variables

The National Health Interview Survey current smoking definition?®®> was used to
determine the smoking status of the participants. An adult who had never smoked
or who had smoked less than 100 cigarettes in his or her life time was classified
as a ‘never smoker’. An adult who had smoked at least 100 cigarettes in his or her
lifetime but who had quit smoking at the time of interview was classified as a
‘former smoker’. An adult who had smoked 100 cigarettes in his or her lifetime
and who reported currently smoking cigarettes was classified as a ‘current
smoker’ 3% Participants were asked whether they had consumed any alcohol

within the past 12 months (yes/no).

The question format of the diet module of WHO STEPS instrument version 3.1 was

employed to assess the weekly animal protein, plant protein, vegetable, and fruit
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intake. The animal protein food group included all types of fish, meat, dried fish,
and eggs. All types of pulses were considered as plant protein sources. Both leafy
vegetables and root (excluding potatoes, sweet potatoes, and yams) and fruit
vegetables were considered as vegetables. Participants were asked to report their
food consumption of a typical week when the diet is not affected by cultural,
religious or other events. As per the Sri Lankan guidelines, the recommended daily
serving sizes for each food group were as follows: four servings from animal or
plant protein sources, five servings from vegetables, and 2-3 servings from
fruits.?®® The number of days each food item was consumed was multiplied by the
number of servings consumed per day to obtain weekly servings intake for each
food group. | decided to study animal and plant protein intake separately as the
majority of the older adults, particularly in rural areas, are refraining or reducing
consumption of animal proteins due to religious beliefs. For each food group,
tertiles were computed as low, moderate, and high based on the weekly servings
intake. Respective serving sizes for both animal and plant protein intake tertiles
were as follows: <11 (low), 11.25-19 (moderate), and 219.25 (high). Serving sizes
for animal protein intake tertiles were as follows: <4 (low), 4.5-7 (moderate), and
>7.5 (high). Serving sizes for plant protein intake tertiles were as follows: <5 (low),
6-12 (moderate), and 212.5 (high). Serving sizes for vegetable intake tertiles were
as follows: <18 (low), 18.5-28 (moderate), and 228.5 (high). Serving sizes for fruit

intake tertiles were as follows: <2 (low), 3-5 (moderate), and 26 (high).
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4.8.3 Statistical methods

All statistical analyses were performed in Stata version 15 accounting for the
complex survey design unless otherwise stated.3%” Depending on the type of data,
the following methods were used to summarise the data. Categorical data were
analysed and presented using percentages. Both discrete and continuous data
were summarised and presented using the mean and standard error (SE) if the
distribution was normal and by using median and interquartile range (IQR) if the
distribution was skewed. Depending on the nature of the dependent variable,
regression analyses were performed to estimate the associations between frailty
and other variables. As missing data were minimal, those with partial missing data
were included in the descriptive analyses and a complete case analysis was

conducted in the regression analyses.

4.8.3.1 Prevalence of frailty and sociodemographic, health-related, and

lifestyle factors associated with frailty

The overall prevalence of frailty status (frail, pre-frail, non-frail) and frailty status
by sociodemographic, health-related and lifestyle factors was estimated with 95%
Cls. First, ordinal logistic regression was used to examine the association between
sociodemographic variables and frailty status. The multivariable ordinal logistic
regression model failed to hold the proportional odds assumption. Hence,
multinomial logistic regression was used to estimate the separate associations

between sociodemographic, health-related, and lifestyle covariates and frailty
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status. Unadjusted, age-and sex-adjusted, and multivariable-adjusted relative risk

ratios (RRRs) were computed with 95% Cls.

4.8.3.2 Frailty and disability

The prevalence of disability (having =1 IADL and >1 BADL limitations) was
estimated with 95% Cls across sociodemographic characteristics and health-
related factors. Prevalence of disability and specific IADL and BADL limitations was
also estimated with 95% Cls in the overall sample and by frailty status. A Venn
diagram and a stacked bar chart were used to illustrate the overlap between

frailty, physical IADL limitations, and cognitive IADL limitations.

The association between frailty and number of IADL limitations was estimated as
follows. The total number of IADL limitations is a count dependent variable
ranging from 0-8. There was an excess number of zeros (overall 67.2% participants
had no IADL limitations). Therefore | used zero-inflated Poisson (ZIP) regression
models to estimate the associations between frailty status and the number of
IADL limitations. ZIP regression models for a count dependent variable with excess
zeros assume two latent groups: the first is the group of ‘sure zeros’/ ‘not-at-risk’
latent class (the group expected to have a count of zero) and the second is the
group of ‘non-sure zeros’ (or the ‘at-risk’ latent class).3% ZIP models comprise of
two parts. Firstly, a logistic regression model is used for predicting the probability
of participants belonging to the latent class of ‘sure zeros’. Secondly, a Poisson
regression model is used for predicting the count of the dependent variable for

those participants predicted to belong to the latent ‘non-sure zero’/ ‘at-risk’
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group. As in other studies, to interpret the parameter estimates for the frailty
groups, | interpret the parameters of the logistic regression model using Odds
Ratios (ORs), and interpret the parameters of the Poisson regression model (count
component among the non-sure zeros) using the rate ratios (RRs). Unadjusted,
age-and sex-adjusted, and multivariable-adjusted ZIP models were fitted to
estimate the associations between pre-frailty, frailty and number of IADL
limitations. Multivariable models were built by a step-wise addition of covariates
to the age-and sex-adjusted models. Variables included in the multivariable model
were based on known potential confounders in the literature and clinical

relevance/plausibility.

A Venn diagram was used to illustrate the overlap between frailty and BADL
limitations. Modelling the association between frailty status and BADL limitations
was not performed due to the lack of heterogeneity in the presence of 21 BADL

limitations across the frailty groups (refer to Table 7.2 in the Chapter 7, page 293).

4.8.3.3 Frailty and quality of life

Participants were classified into three groups according to the lowest (76-127),
intermediate (128-139), and highest (140-171) tertiles of the total OPQOL-35
score. Sociodemographic, health characteristics, and frailty status across the QoL
tertiles were presented using percentages and medians (IQR) where appropriate.
Box plots were used to illustrate the distribution of the total QoL score according
to frailty status. Unadjusted means (SEs) of total and raw domain-specific quality

of life scores were calculated and compared between the frailty groups using an
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adjusted Wald test (the eight domains were outlined in Table 4.6 (page 195)). The
maximum possible scores are not constant across the eight domains. Hence,
standardised domain-specific QoL mean scores were computed as follows:
(unadjusted mean score/maximum possible score)*100.17* Therefore, the

standardised scores have a minimum of 0 and maximum of 100.

The analysis was conducted in two main parts:

Part 1: The total QoL score was found to be normally distributed and | therefore
used linear regression models to estimate the unadjusted, ‘age-and sex’-adjusted
and multivariable-adjusted association between frailty status and overall Qol,
with total QoL score as the dependent variable. Multivariable models were built
by a step-wise addition of covariates to the ‘age-and sex’-adjusted models.
Variables included in the multivariable model were decided a priori based on
known potential confounders in the literature and clinical relevance. The final
multivariable-adjusted model was further evaluated for model assumptions.

Goodness of fit (R? statistic) was reported for the final models.

Part 2: | fitted further multivariable linear regression models to explore how the
different domains of QoL were associated with frailty and pre-frailty. All models
were adjusted for the covariates used in the final multivariable model of the part

1 analysis.

For parts 1 and 2, | present the results using the estimated difference in means

between frailty groups (with the non-frail group as reference category) and also
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computed the reduction from the maximum possible score as a percentage as

follows: (mean difference in QoL score/maximum possible score)*100.

4.9 Ethical standards and procedures

49.1 Assessment of risks and potential benefits to the participants

Risks involved with research involving human participants could be classified into
different domains such as physical, psychological, social, and financial. In the
present study, no invasive procedures were used. Only anthropometric
measurements (weight and height) were taken and participants were asked to
perform two physical performance tests comprising of grip strength and walking
speed. During the walking speed assessment a participant had to walk 15 feet.
The walking test carried a small risk of falling, but a field assistant walked next to
the participant to minimise this risk. Further, participants were permitted to use
assistive devices, e.g. cane or walker if needed. On average a participant spent 1.5
to 2 hours with a research assistant to complete the whole interview. As it was
tiring for older adults to complete the physical assessments and answer the
qguestionnaire continuously, participants were offered small breaks in between
parts of the interview. A few of the questions were of a personal nature, for
example on mood and feelings. Participants were informed that they could
choose not to answer any questions if they did not want to answer. The
occupational activities of some participants (e.g. rubber tapping, tea picking, and
some other agricultural activities, etc.) were interrupted for a short period as they

agreed to participate in the study.
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Immediate benefits for the participants included being informed about their BMI
and performances of physical assessment tests (grip strength and gait speed)
according to the age-and sex-specific cut-off points used in the original CHS®
following the completion of interview. However, they were also informed of the
need to calculate Sri Lankan population specific cut-off points based on the
anthropometry of the survey sample as the original CHS cut-off points were
developed for the USA population®®. Clear procedures were in place if any
concerns arose during the duration of the data collection. For example, if a
participant was at risk of depression, the participant and a close relative were

informed and advised to take the participant to the nearest healthcare facility.

4.9.2 Selection of study population and recruitment of research participants

A three stage probability sampling design was used to recruit the participants for
the present study. Hence, the process of selecting the participants for this study
was fair and impartial. However, participants who were not capable of giving

informed consent were excluded.

4.9.3 Inducements, financial benefits, and financial costs for participants

No monetary or material incentives for taking part were provided for the
participants. This was made clear to the potential participants at the very
beginning while explaining the objectives and the nature of the study. Participants
did not incur transport costs as the research team visited the households of the

potential participants.
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4.9.4 Protection of research participants’ privacy and confidentiality of data

No personal identifiable information (e.g. name, address, and contact telephone
numbers) were collected during the interview. Therefore, the privacy of the
participants was protected. The following measures were taken to protect the
confidentiality of data. Each questionnaire was assigned a unique identification
number. This identification number was entered into the database while entering
the data. The original questionnaires (which contained no identifiable information
such as dates of birth, names, addresses, etc.) and consent forms were kept in a
locked cupboard in a locked room at the Research Department of Primary Care
and Population Health, University College London, UK. Access to the database and
the questionnaires was restricted to the members of the research team. The
database which contains no identifiable information has been stored in University
College London’s secure computer network. Data were collected in accordance
with the United Kingdom’s Data Protection Act, 1998. These collected personal
data were processed in accordance with the Data Protection Act 2018 and

General Data Protection Regulation 2018.

4.9.5 Informed consent process

Informed written consent was obtained from all the study participants. The
potential participants were given the invitation letter about the study (Appendix
13 page 464) and the details of the study were explained. The information sheet
(Appendix 14, page 465) was also attached with the invitation letter for more

information. On occasions where potential participants were unable to read the
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information, research assistants assisted participants and read information to
them. Potential participants were given a chance to ask questions about the
research and clarify any related issues and an opportunity to discuss the study
with their family members if they felt necessary. If the potential participants
agreed to take a part in the study, a consent form (Appendix 15, page 470) was
completed and signed. In the cases where participants could not put their
signature in writing, a thumb print signature was obtained. Participation for the
study was voluntary. The participants were informed that they could withdraw
from the study at any point despite having given consent at the beginning.
Participants were made aware that the decision to participate or withdraw from

the study did not affect their current medical care provision.

4.9.6 Results dissemination plan

A plain language summary of overall study results will be produced. Participants
were given the opportunity to contact me if they wish to know the overall study
results. The findings of the research were included in this thesis. Results have
been disseminated through presentations at international conferences and
through publications in peer-reviewed journals which is an on-going process.
Results will also be disseminated to Health Policy makers in Sri Lanka at the
Ministry of Health, Nutrition and Indigenous Medicine, National Health Research
Council, Provincial Director of Health Services and Regional Director of Health
Services in Kegalle district where the research was conducted. Anonymity of the

participants will be protected in these communications by the research team.
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4.9.7 Ethical approval and administrative permission

The ethical clearance for this study was obtained from two ethics review
committees at University College London (Project ID: 8155/001) (Appendix 16,
page 473) and Faculty of Medicine, University of Colombo, Sri Lanka (Protocol No.
EC-16-071) (Appendix 17, page 475). Administrative permission for the study was
obtained from relevant government authorities of national, provincial, district,

and divisional level.

4.9.8 Patient and Public Involvement

Sri Lankan older adults were not involved in the study design as the study was
developed in the UK as part of a Commonwealth Scholarship, with limited
resources. | used standard study instruments and physical assessment tests,
which had been developed elsewhere, and most of these have been cross-
culturally adapted and validated for Sri Lankan population. Prior to data collection
in Kegalle district, | obtained feedback from 10 Sri Lankan older adults (from a
different location in Kegalle district) on the study processes, including how to
phrase certain questions and the best order of administering the instruments. As
mentioned in Section 4.9.6 (page 211) a plain language summary of overall study
results will be produced in English and translated into Sinhala and Tamil
languages. | will discuss with public representatives the best way to present and

disseminate this information.
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Chapter 5: Methodological sub-study: cross-cultural adaptation and
psychometric evaluation of the Sinhala version of Lawton Instrumental

Activities of Daily Living scale

5.1 Overview of the chapter

In this chapter | present the methodology used for the cross-cultural adaptation
and psychometric evaluation, and the findings of the reliability and validity testing
of the new culturally adapted Sinhala version of the Lawton Instrumental
Activities of Daily Living scale. This methodological sub-study has been published
as a peer-reviewed journal article by Siriwardhana et al in PLOS ONE journal in

2018.%2
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5.2 Introduction

‘Activities of daily living’ measurement instruments are commonly used to assess
limitations people may experience in performing the various activities required in
day-to-day life. Two types of activities are typically assessed: Basic Activities of
Daily Living (BADL) and Instrumental Activities of Daily Living (IADL). BADL are
cognitively less complex self-maintaining tasks which include feeding, dressing,
bathing, toileting, etc. These activities do not require attentional processes.
Conversely, IADL are more complex tasks and require higher level cognitive
functions such as memory, attention, and executive functions.?%3% Example IADL
tasks are food preparation, housekeeping tasks, taking own medication, handling
finances, etc. These activities are important for people to lead an independent
life.31% IADL limitations are often present within the context of mild cognitive

311

impairment and early dementia.>** IADL limitations are associated with both poor

312 313

quality of life*** and increased healthcare costs.

Performance based assessments, self-reported questionnaires, and informant
based questionnaires are the three main methods used to assess IADL. Of them,
self-reported questionnaires are the more prevalent method3!*, largely due to
their ease of use in large-scale community surveys. Despite the existence of a
number of questionnaires to assess IADL31% 315 no gold-standard exists3*>. One of
the most widely used is the Lawton Instrumental Activities of Daily Living scale
developed in 1969.%% 3¢ A few modifications to the original scale are also

available in the literature: modified Lawton-Brody scale proposed in 19883/,
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Lawton IADL scale in MFA (Multidimensional Functional Assessment of Older

Adults)?'8, and Lawton IADL scale in MAI (Multilevel Assessment Instrument).3°

293, 320322 and Lawton

Cultural adaptability, reliability, and validity of the origina
IADL scale in MAI*?® have been tested in older populations (aged =60 or >65 years)
in studies conducted in Greece3?°, Hong Kong®?, Iran%, Singapore?, and
Spain®?2. Study populations included outpatients of memory clinics*?, patients

321

with dementia®**, patients who attended emergency rooms with a hip or wrist

323

fracture due to a fall**?, institutionalised older adults??®, and community-dwelling

older adults?®3.

Three studies were found reporting IADL in Sri Lankan older adults.??*32¢ However,
none of the studies reported use of a standard questionnaire to assess IADL, and
instead used a few selected IADL tasks. Only four of the eight IADL tasks have been

324,325 and six were assessed in the remaining study.3?®

assessed in two studies
There was therefore no culturally adapted, psychometrically tested instrument
available to assess instrumental activities of daily living in Sri Lanka. It is important
to have a standard instrument for this purpose as Sri Lanka is one of the fastest
ageing countries in WHO South-East Asia region.'** One of the key objectives of
this thesis (Part B) is evaluating the association between frailty and disability.
Disability is an adverse outcome of frailty according to the Fried conceptualisation

107 and was operationalised in terms of limitations of IADL and BADL for

of frailty
the present study. Hence, a rigorously tested instrument was required to assess

the IADL of study participants. Therefore, the objective of this methodological
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sub-study was to translate and cross-culturally adapt the original Lawton
Instrumental Activities of Daily Living scale from English to Sinhala and to evaluate

the psychometric properties of the Sinhala version.

5.3 Methodology

The methodology of this sub-study comprised of two phases. Phase one involved
cross- cultural adaptation of the Lawton IADL scale. Phase two involved evaluating
the psychometric properties of the adapted Sinhala scale which included testing
its reliability (internal consistency and inter-rater reliability) and validity (cross-
cultural validity, structural validity, and convergent validity). Figure 5.1 (page 217)

illustrates the study methodology.
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Figure 5.1 Study methodology

Stage |
Translation

Stage Il
Synthesis

!

Stage Il
Back translation

!

Stage IV

Phase 1

Cross-cultural adaptation

Expert committee
review

!

Stage V
Pre-testing

l Phase 2

Pre-final version of the . .
Psychometric evaluation

instrument

Note: Figure was taken from a published paper by Siriwardhana et al?®? and has been modified
slightly.
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5.3.1 Lawton Instrumental Activities of Daily Living scale

The original Lawton IADL scale was selected for this study?*° (Table 5.1, page 219).
It is a widely used instrument to measure IADL of older adults in different settings;
community, clinics, and hospitals.3'® It is easy to administer (within 10-15 minutes)
and most newer scales have also been derived from the original Lawton IADL
scale.3’> The scale encompasses eight activities which include ‘ability to use
telephone’, ‘shopping’, ‘food preparation’, ‘housekeeping’, ‘laundry’, ‘transport’,
‘responsibility for own medication’, and ‘ability to handle finances’. Each activity
has a varying number of response options indicating the participant’s degree of
ability to perform each activity starting from completely independent status to
completely dependent status. Despite having a number of responses available
under each activity, participants are classified into two categories as ‘dependent’
(0) and ‘independent’ (1). The total score of the scale therefore ranges from 0
(fully dependent) to 8 (fully independent). Historically females were scored on all
the items of the scale and males were scored for only five items of the scale
excluding the food preparation, housekeeping, and laundering activities.
However, the current recommendation is to assess all activities with both

sexes.3?’
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Table 5.1 The Lawton Instrumental Activities of Daily Living (IADL) scale

A. Ability to Use Telephone

. Operates telephone on own initiative-looks up and dials numbers, etc.
. Dials a few well-known numbers.

. Answers telephone, but does not dial.

. Does not use telephone at all.

. Shopping

. Takes care of all shopping needs independently.

. Shops independently for small purchases.

. Needs to be accompanied on any shopping trip.

. Completely unable to shop.

. Food Preparation

. Plans, prepares, and serves adequate meals independently.

. Prepares adequate meals if supplied with ingredients. 0
. Heats and serves prepared meals or prepares meals but does not maintain adequate
iet. 0
. Needs to have meals prepared and served.

. Housekeeping

. Maintains house alone or with occasional assistance (e.g., “heavy work-domestic help”).

O R Rk R

QO WINEFOPPWNRPRPIIPDWDNLPR
= O O oK

O PQ

1
. Performs light daily tasks such as dishwashing, bed making. 1
. Performs light daily tasks, but cannot maintain acceptable level of cleanliness. 1
. Needs help with all home maintenance tasks. 1
. Does not participate in any housekeeping tasks. 0
. Laundry

. Does personal laundry completely.

. Launders small items, rinses socks, stockings, etc.

. All laundry must be done by others.

. Mode of Transportation

. Travels independently on public transportation or drives own car.

. Arranges own travel via taxi, but does not otherwise use public transportation.
. Travels on public transportation when assisted or accompanied by another.

. Travel limited to taxi or automobile with assistance of another.

. Does not travel at all.

. Responsibility for own Medications

. Is responsible for taking medications in correct dosages at correct time.

. Takes responsibility if medication is prepared in advance in separate dosages. 0
. Is not capable of dispensing own medication. 0

. Ability to Handle Finances

1. Manages financial matters independently (budgets, writes cheques, pays rent, bills, goes
to bank), collects and keeps track of income 1
2. Manages day-to-day purchases, but needs help with banking, major purchases, etc. 1
3. Incapable of handling money. 0

[ R

OO R R R

T WNEFPOUA,LONETTOWONEMODDWN
B

Lawton MP, Brody EM; Assessment of Older People: Self-Maintaining and Instrumental
Activities of Daily Living, The Gerontologist 1969; 9 (3_Part_1): 179-186,
doi:10.1093/geront/9.3_Part_1.179. Reproduced by permission of Oxford University Press on
behalf of The Gerontological Society of America.© 1969 The Gerontological Society of America.
All rights reserved. For permissions please email journals.permissions@oup.com. Please visit:
https://academic.oup.com/gerontologist/article/9/3 Part 1/179/552574
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The original scale uses the self-report/surrogate report (proxy) ‘actual
performance’ question stem, and later versions offered options of assessing self-
report/surrogate report ‘actual performance’ and ‘capacity’. Examples of ‘actual
performance’ and ‘capacity’ question stems are “do you do shopping?” and “can
you do shopping?” respectively. The self-reported ‘capacity’ question stem was
used in the present study with the items and response structure of the original
scale. | selected this option because in the Sri Lankan cultural context older adults
are often supported by their own children and relatives, and therefore may not
actually perform activities that they have capacity for. According to the recent Sri

Lankan census 59.0% of older adults lived in extended households.3?8

It is likely
that some older adults are not fully engaged in doing certain IADL activities like
housekeeping, shopping, preparing meals, and handling finances even though
they are fully capable of these activities. Sri Lanka is a country with reasonable
gender equality.3?° Therefore, all the items in the scale were used with both males

and females. Permission was granted from Oxford University Press to translate

and republish the original scale in Sinhala language.

5.3.2 Phase 1- Cross-cultural adaptation process

1

The systematic method proposed by Beaton and colleagues?®? was followed

during the cross-cultural adaptation process.

Stage 1- Forward translation: two bilingual translators who have a background in
public health (myself, DDS) and in community medicine (MCW, Sri Lankan
supervisor) independently translated the English version of the entire instrument
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into Sinhala. The first language of both translators was Sinhala. They

independently recorded the issues they had while translating the instrument.

Stage 2- Synthesis of the translations: a common Sinhala version of the instrument

was created using the two independent translated versions.

Stage 3-Back translation: the synthesis version created at the stage 2 was used
for the back translation process. Two translators (TW, SJ different to stage 1
translators) who are fluent in both English and Sinhala languages conducted the
back translations independently. Both were blind to the original instrument and
original independent translated versions. Two back translated versions were

compared with the original English version of the instrument for a validity check.

Stage 4- Expert committee review: a panel of experts from medical, allied health
science, sociological backgrounds, and translators (forward and backward)
reviewed the two forward translations, and two backward translations with the
original scale. Consultations were conducted in person, and in addition by using
email conversations, and via video conferencing. Issues raised at the translation
process were addressed and a preliminary version of the instrument was created

and circulated among the review members.

Stage 5- Pre-test: the preliminary version of the instrument was pre-tested with
five male and five female older adults in different age categories living in the
district where the psychometric testing was planned. The pre-final version of the

instrument was created to use in the psychometric evaluation.
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5.3.3 Phase 2- Psychometric evaluation

5.3.3.1 Study design, setting, participants, and data collection

Psychometric evaluation, namely reliability and validity testing of the instrument
was carried out alongside the main study (Part B of thesis). Please refer to the
following sections in the Chapter 4 for detailed descriptions on study setting
(Section 4.2, page 152), study population (Section 4.3, page 158), sample size
calculation (Section 4.4, page 158), sampling design (Section 4.5, page 166), data
collection (Section 4.7, page 178), and ethical standards and procedures (Section

4.9, page 208).

According to the scale of sample size adequacy described by Comrey and Lee, a
sample size of 500 would be considered as very good whereas 1000 or more
would be considered as excellent in Exploratory Factor Analysis (EFA).33°
Alternatively, Nunnally (1978) recommended sampling at least ten times as many

subjects as variables (items).33!

5.3.3.2 Data analyses: participants’ characteristics and distribution of

Lawton IADL scale-Sinhala version scores

The sociodemographic characteristics of the study sample (overall and for those
chosen for the methodological sub-study) was described using frequencies and
percentages. The eight items of the IADL scale were coded to preserve the original
response structure as they do not have uniform response structure (ability to use
telephone (1-4), shopping (1-4), food preparation (1-4), housekeeping (1-5),
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laundry (1-3), transport (1-5), responsibility for own medication (1-3), and ability
to handle finances (1-3). The minimum number represents the response
indicating complete dependent status for each item whilst the maximum number
represents the response indicating highest independent status. However, when
assigning scores according to the guidelines of the scale, response for each item
was coded either as 0 (dependent) or 1 (independent). Hence, the total score of

the IADL scale ranges from O to 8.

5.3.3.3 Reliability testing: internal consistency and inter-rater reliability

Measures of internal consistency indicate to what extent different items in an
instrument measure the same construct.?' 332 The standardised Cronbach’s alpha
was used as the scale items did not have a uniform response structure. Alpha
values between 0.7 and 0.95 indicate a scale that has a good internal

consistency.®!

Inter-rater reliability (IRR) indicates the degree of agreement among different
raters when performing the same assessment method on the same individual.?3?
IRR was assessed in a randomly selected 12.0% of the total sample (n=89),
representing 26 SSUs. The number of participants recruited from each GN division
varied from 1-5 with the mode number of participants being 3 and 4. Research
assistants (5 raters) administered the IADL scale. After a gap of 2.5 to 3 hours, |
re-administered the scale with the same participants. Therefore, each participant

had been assessed by two raters (one of A/B/C/D/E and the other DDS).
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IRR of each individual item was assessed considering its original response
structure (ordinal) and after scoring (binary). Participants with missing values
were excluded. For the ordinal case, inter-rater reliability was calculated using
weighted percentage agreement coefficient, weighted Cohen’s kappa, and
weighted Gwet’s agreement (Gwet’s AC,).3*® Ordinal weights were used. For the
binary case, unweighted percentage agreement coefficient, Cohen’s kappa, and
Gwet’s AC; agreement were used. Both Gwet’s AC; and AC, agreement coefficients
are corrected for chance agreement and adjusted for misclassification errors.33
Moreover, they are consistent with the percentage agreement.?** Hence, Gwet’s
AC;and AC, measures are superior to the better known Cohen’s kappa.3*® Values
of Cohen’s kappa, Gwet’s AC; and AC, were interpreted using criteria proposed by
Landis and Koch.33¢ Values between 0 and 0.20, between 0.21 and 0.40, between
0.41 and 0.60, between 0.61 and 0.80, and >0.80 are indicative of slight, fair,

moderate, substantial, and excellent agreement respectively.

The Intraclass Correlation (ICC) coefficient was used to assess the agreement of
the total score of the scale between each rater and DDS. Single rating, absolute
agreement, based on a two way mixed effects model was used.®*” An ICC value of
less than 0.5 implies poor reliability, 0.50-0.75 moderate, 0.75-0.90 good, and
greater than 0.90 excellent reliability.33” All the agreement coefficients and ICCs
were computed using the kappaetc user written Stata programme.3® Stata

version 14 (StataCorp, College Station, Texas, USA) was used for the analyses.
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Guidelines for Reporting Reliability and Agreement Studies (GRRAS) proposed by

Kottner et al were followed.33°

5.3.3.4 Validity testing

Cross-cultural validation, structural validation, and hypothesis testing are the
three main approaches used to establish construct validity.3*° The process of
cross-cultural adaptation/validation of the IADL scale was described above. Factor
analysis is the most commonly used method to understand the underlying factor
structure of a construct.?3* 3% Hypothesis testing was used to establish the
convergent validity of the scale.3*® Convergent validity indicates how well the new

instrument relates to other measures of the same or related construct.3#?

Exploratory factor analysis (EFA)

Exploratory factor analysis explores the underlying factor structure of a
construct.3** 3% EFA was performed with 702 participants to test the hypothesis
that the translated IADL scale is unidimensional, i.e. that the responses of the
participants to the 8 items in the IADL scale represent one construct (instrumental
activities of daily living). The original response structure of the scale was used in
the analysis. Parallel analysis (PA) was run to determine the number of factors to
retain in the model. PA was carried out on polychoric (two step) correlations with
permuted samples, using principal component estimation and mean eigenvalue
criterion.3* Principal axis factoring was chosen as the factor extraction method

because the study data is ordinal and it violates the assumption of multivariate
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normality.3** Principal axis factoring is also capable of detecting weak factors.34®

The Kaiser-Meyer-Olkin (KMO) statistic and Bartlett’s test of sphericity were used
to determine the appropriateness of running the factor analysis on the study data.
KMO values vary from 0 to 1 and values >0.5 are typically described as acceptable
for performing factor analysis (i.e. that the data is factorisable).>*” Result of the
Bartlett’s test requires to be significant (p<0.05). Communalities >0.4 and factor
loadings >0.5 were considered as satisfactory (i.e. that the items correlate
positively with the underlying structure).?*® The analysis was performed on the

polychoric (two step) correlations using SPSS R-menu v2.0.348

Confirmatory factor analysis (CFA)

Confirmatory factor analysis was performed to explore whether the observed
data fit the hypothesised single factor structure of the IADL scale. Analysis was
performed with the original response structure. To accommodate the ordinal
response structure of the scale items, CFA was performed on the asymptotic
covariance matrix that was calculated using the polychoric correlations.
Diagonally weighted least square technique was used as the estimation method,
which is recommended for use when fitting structural equation models with
ordinal variables.3* Several goodness of fit indices were evaluated to determine
the model fit. Evaluated fit indices include chi-square value (Satorra-Bentler
scaled chi-square) with its degrees of freedom and associated p value,
Relative/normed (x%/df) chi-square, Root Mean Square Error of Approximation

(RMSEA), Non-Normed Fit Index (NNFI)/ Tucker Lewis Index (TLI), Comparative Fit
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Index (CFl), Standardised Root Mean Residual (SRMR), and Parsimonious Normed
Fit Index (PNFI). An insignificant chi square at a threshold of 0.05 is indicative of
good model fit.3*° No consensus is available for the acceptable ratio of relative
chi-square. Wheaton et al suggested a value of 5.0.3°! For RMSEA Tuker and
Lewis®>? suggested a cut-off of 0.06 whereas Steiger®>® proposed a strict upper
limit as 0.07. For NNFI and CFI a cut-off value of 20.95 is accepted as good model
fit.3>2 3% For SRMR a value of <0.08 is considered as appropriate.3** No threshold
level has been specified for PNFI. CFA was performed on LISREL 9.30 student

edition.

Historically Lawton et al (1969) proposed using the full scale (8 items) with
females and five items (excluding food preparation, housekeeping, and laundry)
for males.?®® However, they had not checked the structural validity of IADL scale
on this aspect. Therefore, both EFA and CFA were performed with females and

males separately including all items.

Convergent validity

The Barthel index of daily living measures the disability or dependence in basic
activities of daily living (BADL), which are cognitively less complex tasks than
IADL?%* (refer to Table 4.5, page 192). According to the response for each item,
participants were classified into two groups as ‘dependent’ (0) and ‘independent’
(1). The scale comprised of 10 items and the total score ranges from 0-10: a higher
score indicates a higher level of independency. Mild cognitive impairment is also

associated with impairments in IADL.>**> The Montreal cognitive assessment
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(MoCA) is a brief screening tool for mild cognitive impairment?” (refer to Section
4.7.2.2, page 186). The total score of the assessment ranges from 0-31: with
higher scores indicating higher cognition. To assess the convergent validity of the
IADL scale, it was hypothesised that the IADL score is positively correlated with
the Barthel index score and with the MoCA score. Spearman’s correlation
coefficient was used to quantify the magnitude of the correlation. The following
criteria were used to interpret the size of the correlation coefficients: (0 to +0.3)
negligible, (£0.3 to £0.5) low, (0.5 to +0.7) moderate, (£0.7 to £0.9) high, and

(+0.9 to 1.0) as very high correlation.>*®

5.4 Results

5.4.1 Cross-cultural adaptation of Lawton IADL scale

Stage 1- Forward translation was performed as planned. Both forward translators
encountered the following issues. The last response for item 1-(‘Ability to use
telephone’) in the original scale is “does not use telephone at all”. Both translators
felt that this response could be interpreted in different ways. A person could be
not using a telephone at all since he/she does not have a telephone or is incapable
of using it. Incapability could be due to an impairment or the person has never
used it before and has no skills to use it. The same issue was noted for the last
response of item 6-(‘Mode of transportation’). Both translators were uncertain

|II

about the identical Sinhala word to “instrumenta

Stage 2- | prepared the synthesis version with the aid of both Sinhala versions.
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Stage 3- Backward translation was also carried out as planned. Both backward

translated versions showed good agreement with the original English version.

Stage 4- By considering the issues raised in the forward translation process (stage
1), the panel of experts agreed to replace the last response of item 1 with the

|II

meaning of “incapable of using the telephone at all” in Sinhala. However, they
acknowledged that the response could still not be applicable to a person who has
never used a telephone. Hence, the suggestion was to ask whether they have ever

I"

used a telephone if their response is “incapable of using the telephone at all” and

make a note of this in the questionnaire. Similarly the last response for item 6

|II

(“does not travel at all”) was replaced with “incapable of travelling at all”. Example
apparels used in the second response of item 5-(‘Laundry’) were changed from
‘socks’ and ‘stockings’ to ‘small hanker-chief’ and ‘small towel’, as these were
more relevant to Sri Lankan older adults living in a tropical climate. Example
activities used in the final item- (‘ability to handle finances’) were ‘budgets, writes
cheques, pays rent, bills, and goes to bank’. They were replaced for the present
study with ‘making a payment for electricity or water bills’ and ‘making bank
transactions’. Both translators could not find an identical Sinhala word for the

word “instrumental”. Therefore, it was substituted to the word “non-basic” in

Sinhala.

Stage 5- No difficulties were encountered in pre-testing and the IADL Sinhala

version showed good acceptability.

A copy of Lawton IADL scale-Sinhala version is included in Appendix 18 (page 477).
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5.4.2 Psychometric evaluation of Lawton IADL scale-Sinhala version

5.4.2.1 Sociodemographic characteristics of the study participants

746 participants were recruited for the overall study. Twenty three participants
were excluded from the psychometric evaluation sub-study as they are not fully
conversant in Sinhala language. Twenty one participants were excluded as they
had never used a telephone and/or were completely unaware of how to cook.
Five males and eight females had never used a telephone. Seven males were
unaware of how to cook. One male participant was excluded for both reasons.
Therefore, the effective sample was 702. As described above, a sub-sample from
the Sinhala speaking participants (n=89, 12.0%) was randomly selected to assess
the magnitude of inter-rater reliability (IRR). Six participants invited were
excluded when testing for IRR. Of the six, two had never used a telephone and
response for one item in the scale was missing for four participants. Figure 5.2

(page 231) demonstrates the study flow chart.
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Figure 5.2 Study flow chart of psychometric evaluation of Lawton IADL scale
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Table 5.2 (page 233) presents the sociodemographic characteristics of the study
sample (n=702) and the sub-sample used to assess IRR (n=83). The percentage of
the females in the study sample was 53.7%. The median age of the sample was 67
(IQR 63: 75) years. The age of the participants ranged from 60 years to 94 years.
The median age of the sub-sample used to test IRR was 68 (IQR 63: 73) years. The

age of the participants in the sub-sample was ranged from 60 years to 91 years.
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Table 5.2 Sociodemographic characteristics of the study participants involved in

the psychometric evaluation.

Characteristics Study sample Sub-sample
used to test
IRR
N (%) N (%)
Sex Male 325 (46.3) 30(36.1)
Female 337 (53.7) 53 (63.9)
Age category (years)
60-64 238 (33.9) 28 (33.7)
65-69 189 (26.9) 22 (26.5)
70-74 91 (13.0) 15 (18.1)
75-79 91 (13.0) 6(7.2)
>80 93 (13.2) 12 (14.5)
Marital status
Never-married 33 (4.7) 7 (8.4)
Married 427 (60.8) 43 (51.8)
Separated 12 (1.7) 2(2.4)
Divorced 5(0.7) 1(1.2)
Widowed 223 (31.8) 30(36.2)
Cohabiting 2(0.3) -
Living arrangement
With spouse 79 (11.3) 11(13.3)
With children/other family 580 (82.6) 65 (78.3)
Alone 43 (6.1) 7 (8.4)
Educational status
No formal education 34 (4.8) 3(3.6)
Primary 163 (23.2) 22 (26.5)
Lower secondary 246 (35.0) 29 (34.9)
Upper secondary/ 259 (36.9) 29 (34.9)
post-secondary non-tertiary/tertiary
Perceived financial status
Finding it difficult/very difficult to get by 140 (20.0) 15 (18.1)
Just about getting by 380 (54.1) 48 (57.8)
Living comfortably 182 (25.9) 20(24.1)

Note: Table was taken from a published paper by Siriwardhana et al?®? and has been modified
slightly.
Figures are column percentages.
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5.4.2.2 Distribution of Lawton IADL scale-Sinhala version scores

The frequency distributions of the responses for each item and overall score are
presented in Figure 5.3 (below) and Figure 5.4 (page 235) respectively. A
negatively skewed distribution (a tail is on the left side of the distribution, with
the majority of participants being on the ‘independent’ right side of the

distribution) was observed for responses of all the items and overall score.

Figure 5.3 The frequency distribution of the responses for each item of the Lawton

IADL scale-Sinhala version
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Figure 5.4 The frequency distribution of the overall Lawton IADL scale score-

Sinhala version
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Table 5.3 (below) presents the median and inter quartile range (IQR) for the scores

of each item. None of the items’ or total score was distributed normally.

Table 5.3 Descriptive statistics for item-wise and overall IADL scale score-Sinhala

version
Item Item description Min, Max Median Dependent Independent
(1QR) N (%) N (%)

Item1 Ability to use 1,4 4(2,4) 73 (10.4) 629 (89.6)
telephone

Item2 Shopping 1,4 4(4,4) 146 (20.8) 556 (79.2)

Item 3 Food preparation 1,4 4(4,4) 139 (19.8) 563 (80.2)

Item4 Housekeeping 1,5 5(5,5) 39 (5.6) 663 (94.4)

Item5 Laundry 1,3 3(3,3) 36 (5.1) 666 (94.9)

Item6 Mode of 1,5 5(5,5) 56 (8.0) 646 (92.0)
transportation

Item 7 Responsibility of own 1,3 3(3,3) 90 (12.8) 612 (87.2)
medication

Item 8 Ability to handle 1,3 3(2,3) 55 (7.8) 647 (92.2)
finances

Overall IADL score 0,8 8(7,8)

IQR: Inter quartile range
Note: Table was taken from a published paper by Siriwardhana et al?®2.

5.4.2.3 Internal consistency

The internal consistency of the IADL scale with eight items assessed by
standardised Cronbach’s alpha was good (0.92) and in the acceptable range. This
result indicates that the different items in this scale measure the same concept

well.

5.4.2.4 Inter-rater reliability

For the ordinal scoring, Table 5.4 (page 238) presents the weighted percentage

agreement coefficient, weighted Cohen’s kappa, and Gwet’s AC, agreement
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coefficient for each item according to the responses in the original scale. | had
very good weighted percentage agreement coefficient (range from 0.76 to 1.00),
poor to excellent weighted Cohen’s kappa (0.00 to 1.00), and substantial to almost
perfect Gwet’s AC, (0.62 to 1.00) agreement coefficient between myself and all
five raters. Please refer to Table 5.5 (page 239) for the assessment of IRR on the
binary scale; when response for each item was coded either as O (dependent) or
1 (independent) according to the guidelines of the scale. Interestingly, weighted
Cohen’s kappa was not computed when the percentage agreement was too high
or too low indicating the ‘kappa paradox’®’. Kappa paradox is under special
conditions even in the presence of a strong inter- or intra- agreement, the Cohen’s
kappa statistic tends to assume low values, which is counter-intuitive and leads to

the conclusion that no agreement is present.33*

With regard to the total score of the scale (treated as a continuous variable),
raters A, C, and D showed ICC values above 0.8 indicating an excellent reliability.
The lowest ICC value (0.57) was reported with rater E. Overall, the ICC values for
all five raters were above 0.5 and indicate that the IADL scale used in the present

study had moderate to excellent inter-rater reliability.3%’
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Table 5.4 Item-wise inter-rater reliability with original response structure for Lawton IADL scale-Sinhala version

Item Item description DDS-A (n=13) DDS-B (n=15) DDS-C (n=17) DDS-D (n=17) DDS-E (n=21)
p kKw Gwet’s p Kw Gwet’s p Kw Gwet’s p kw Gwet's p kKw Gwet’s
AC, AC; AC; AC; AC;
Item1 Ability to use 0.92 0.77 0.87 0.93 0.82 0.90 0.99 0.97 0.98 0.98 0.94 0.95 0.94 0.73 0.92
telephone
Item2 Shopping 0.92 0.76 0.89 0.93 0.65 0.90 0.90 0.47 0.83 0.98 0.91 0.96 0.90 -0.05 0.90
Item3 Food 0.95 0.78 0.93 0.76 0.00 0.66 0.91 0.68 0.84 0.90 0.00 0.88 0.95 0.64 0.95
preparation
Item4 Housekeeping 0.87 0.27 0.80 0.93 0.61 0.85 0.92 0.52 0.83 0.88 0.26 0.83 0.89 0.00 0.86
Item5 Laundry Not computed?* 0.89 0.49 0.85 0.96 0.73 0.95 0.90 -0.06 0.88 0.90 0.00 0.89
Item6 Mode of 0.92 0.1 0.84 0.88 0.60 0.80 0.92 0.78 0.86 0.95 0.82 0.91 0.91 0.51 0.87
transportation
Item7 Responsibilityof 097 0.73 0.97 0.98 0.74 0.98 0.98 0.89 0.98 1.00 1.00 1.00 0.98 0.74 0.98
own medication
Item8 Abilityto handle 0.77 0.41 0.62 0.89 0.43 0.80 0.94 0.75 0.90 0.88 0.57 0.77 092 041 0.89

finances

p- Unweighted percentage agreement coefficient, ky - Cohen’s weighted kappa
Not computed? since ratings do not vary.

Statistically non-significant agreement coefficients (p>0.05) and zero agreement coefficients are displayed in bold.

Values of Cohen’s kappa and AC; are interpreted as follows: 0.0-0.20 (slight), 0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (substantial), and >0.80 (excellent)
agreement.
Note: A negative Kappa means that there is less agreement than would be expected by chance given the marginal distributions of ratings.
Note: Table was taken from a published paper by Siriwardhana et al?®2.
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Table 5.5 Item-wise inter-rater reliability when original responses coded as binary for Lawton IADL scale-Sinhala version and ICC for overall

IADL score
Item Item description DDS-A (n=13) DDS-B (n=15) DDS-C (n=17) DDS-D (n=17) DDS-E (n=21)
p K Gwet’s p K Gwet’s p K Gwet’s p K Gwet’s p K Gwet’s
AC, AC, AC, AC, AC,

Item1 Ability to use 0.92 0.75 0.88 Not computed* 1.00 1.00 1.00 0.94 0.76 0.91 0.95 0.64 0.94
telephone

Item2 Shopping 0.92 0.75 0.88 0.80 0.44 0.68 0.76  0.46 0.59 1.00 1.00 1.00 0.90 0.92 0.75

Item3 Food 0.92 0.75 0.88 0.66 0.00 0.53 0.94 0.86 0.89 0.82 0.00 0.78 0.95 0.92 0.75
preparation

Item4 Housekeeping Not computed* 0.93 0.00 0.92 0.88 0.00 0.86 0.94 0.00 0.93 Not computed*

Item5 Laundry Not computed* 0.93 0.63 0.91 1.00 1.00 1.00 0.94 0.00 0.93 Not computed?

Item6 Mode of Not computed* 093 0.76 0.90 Not computed?* 0.88 043 0.85 Not computed?
transportation

Item7 Responsibility of 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
own medication

Item 8 Ability to handle Not computed* 0.93 0.00 0.92 0.82 -0.08 0.78 1.00 1.00 1.00 0.95 0.00 0.95
finances

Intraclass Correlation 0.91 (0.74, 0.97) 0.62 (0.20, 0.85) 0.89 (0.73, 0.96) 0.88 (0.64, 0.96) 0.57 (0.20, 0.80)

(95% Cl)

p- Unweighted percentage agreement coefficient, k- Cohen’s kappa

Not computed? since ratings do not vary. Statistically non-significant agreement coefficients (p>0.05) and zero agreement coefficients are displayed in bold.

Values of Cohen’s kappa and Gwet’s AC; are interpreted as follows: 0.0-0.20 (slight), 0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (substantial), and >0.80
(excellent) agreement.

Note: A negative Kappa means that there is less agreement than would be expected by chance given the marginal distributions of ratings.

An ICC value of <0.5 (poor), 0.50-0.75 (moderate), 0.75-0.90 (good), and >0.90 (excellent) reliability.

Note: Table was taken from a published paper by Siriwardhana et al*®2.
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5.4.2.5 Exploratory factor analysis

Exploratory factor analysis explores the underlying factor structure of a construct.
The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.898 which is
considered a ‘very good’ value.?*® The significance value of the Bartlett’s test of
sphericity was p<0.001, indicating that the correlations between the eight IADL
items were significantly different from zero. Results of the parallel analysis
suggested to extract one factor (Figure 5.5, page 241), indicating the
unidimensionality of the IADL scale. The first factor extracted by principal axis
factoring explained 79.4% of the total variance. As shown in Table 5.6 (page 242),
the communalities of the eight items varied from 0.392 to 0.903 and the factor
loadings varied from 0.626 to 0.950. Item scale correlation (corrected) for all the

items were above 0.7 except for item 1.
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Figure 5.5 Parallel analysis based on permuted data
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Table 5.6 Results of the exploratory factor analysis

Items Item description Exploratory factor analysis”
Communality Factor Item-scale
loading correlation’
Item 1 Ability to use telephone 0.392 0.626 0.503
Item 2 Shopping 0.892 0.944 0.865
Item 3 Food preparation 0.724 0.851 0.724
Item 4 Housekeeping 0.903 0.950 0.883
Item5 Laundry 0.782 0.884 0.771
Item 6 Mode of transportation 0.848 0.921 0.819
Item 7 Responsibility of own 0.787 0.887 0.745
medication
Item 8 Ability to handle finances 0.819 0.905 0.825

*Fit indices: GFI (ULS)=0.980, RMSR=0.063

*Item total correlation with its own Lawton IADL scale corrected for overlap.
Communalities 20.4 and factor loadings 20.5 were considered as satisfactory.
Note: Table was taken from a published paper by Siriwardhana et al?®2.

EFA results by sex also showed a stable item structure (8 items) across both
females and males. Parallel analysis suggested to extract one factor in both cases.
The percentage of variance explained by the first factor was 80.2% for females
and 81.5% for males. The communalities of 8 items varied from 0.357 to 0.934
and from 0.421 to 0.925 for females and males respectively. The factor loadings

varied from 0.598 to 0.966 for females and from 0.649 to 0.962 for males.

242



5.4.2.6 Confirmatory factor analysis

Confirmatory factor analysis was performed to explore whether the observed
data fitted the hypothesised single factor structure of the IADL scale. CFA results
are presented in Table 5.7 (below). Standardised factor loadings ranged from
0.660 to 0.958. Values of goodness of fit indices; NNFI, CFI, and SRMR were in
acceptable range indicating an excellent model fit. However, the chi-square value
was significant, x* (20, 702)= 144.42, p<0.001. The value of relative chi-square
(x’/df) was 7.22 and not in the acceptable range. Similarly, the RMSEA value was

too high and was not in the acceptable range.

Table 5.7 Results of confirmatory factor analysis (based on one factor)

Items Item description Confirmatory factor analysis*
Standardised Standard
factor loading error

Item 1 Ability to use telephone 0.660 0.034

Item 2 Shopping 0.938 0.012

Item 3 Food preparation 0.871 0.021

Item 4 Housekeeping 0.958 0.008

Item 5 Laundry 0.926 0.017

Item 6 Mode of transportation 0.911 0.014

Item 7 Responsibility of own medication 0.873 0.023

Item 8 Ability to handle finances 0.918 0.013

*Fit indices: RMSEA (90% Cl) = 0.283 (0.270, 0.297), NNFI/TLI= 0.977, CFl= 0.984,
SRMR=0.06, PNFI=0.701

Factor loadings >0.5 were considered as satisfactory.

Note: Table was taken from a published paper by Siriwardhana et al?*2.

In CFA by sex, standardised factor loadings ranged from 0.645 to 0.973 and from
0.673 to 0. 981 for females and males respectively. All the goodness of fit indices

except chi-square, and RMSEA were in the acceptable range for both sexes.
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ltem 1 (‘ability to use telephone’) consistently demonstrated low communality,
factor loading and item-scale correlation in EFA and low standardised factor

loading in CFA. This finding was consistent even in the sex stratified analysis.

5.4.2.7 Convergent validity

Convergent validity refers to the degree to which two measures of constructs that
theoretically should be related, are in fact related. The Spearman’s correlation
coefficients between the Lawton IADL score and the scores of the Barthel index
and the MoCA were 0.61 and 0.41, indicating a moderate and a low strength of

association respectively. Both correlation coefficients were significant at p<0.001.
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5.5 Discussion

5.5.1 Summary of main findings

The Lawton Instrumental Activities Daily Living scale was successfully translated
into Sinhala language and culturally adapted to the Sri Lankan context. The Sinhala
version of the scale demonstrated overall good reliability and construct validity.
The internal consistency of the scale was very high. According to the Gwet’s AC;
and AC, (measures of inter-rater reliability that are shown to be less affected by
prevalence than the more commonly used Cohen’s kappa coefficient®*), a good
agreement was observed between myself (DDS) and the five raters overall and for
all the items in the IADL scale. With regard to the total score, ICC values were
between 0.57 and 0.91 which is indicative of moderate to very good agreement.
Findings of EFA and CFA strongly supported the unidimensionality of the IADL
scale. In EFA, communalities and factor loadings for all the items were well above
the cut-off values. Similarly all the goodness of fit indices in CFA were in the
acceptable range except chi-square and RMSEA. The eight item structure scale
was stable across both females and males. Results of the sex stratified EFA and
CFA were also consistent with the main analysis. With regard to convergent
validity, moderate and low positive correlations were observed between the IADL

score and scores of the Barthel index and the MoCA respectively.
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5.5.2 Reliability

In line with other studies, the Lawton IADL-Sinhala version demonstrated an
excellent internal consistency. The standardised Cronbach’s alpha coefficient was
0.92. Of all previous studies the Spanish version has demonstrated the highest
alpha value of 0.943%2 whilst values of 0.86, and 0.84 were found in Hong Kong
Chinese (Lawton IADL-CV) and in Greek versions respectively.??® 323 The lowest

value was observed in the Persian version (Lawton IADL-PV).32!

In the present study, the ICC values ranged from 0.57 to 0.91 across the five raters,
with three raters having values above 0.8, in a relatively large sample of 83
participants. The minimum and maximum number of participants assessed with a
single rater were 13 and 21 respectively with a mode of 17 participants. The inter-
rater reliability of the original scale was 0.85, however it was estimated on a small
sample (n=12), with participants being interviewed by one interviewer in the
presence of the second rater who did not participate in the interviewing
process.??® Two further studies have reported the inter-rater reliability of the IADL
scale, with ICCs of 0.963%! and 0.993?3 in similarly small studies. In the latter, inter-
rater reliability was assessed with 9 participants on video-taped IADL abilities, and

this method (videos) has been shown to produce higher inter-rater reliability.3°

Unlike the present study, none of the prior studies have reported the item-wise
inter-rater reliability of the IADL scale. In those studies, ICC was computed based
on the total score of the scale. Estimating inter-rater reliability only on the overall
score does not reflect how each rater marked the response for each item based
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on participant’s response. The main reason for minor discrepancies between
myself (DDS) and the five raters in this study could be due to the use of the
‘capacity’ question stem. On certain occasions participants might have reported
actual performance rather than their capacity to do the activity. Provision of

thorough training to research assistants on this aspect is warranted.

5.5.3 Validity

The EFA results of this study strongly supported the unidimensionality of the IADL
scale and corroborate the existing literature.3?> 323 |n the present study, the first
factor explained 79.4% variance whilst 70.6% and 50.1% variances were explained
by the first factor in the corresponding Hong Kong Chinese and Spanish versions.
The eight item structure has an excellent factorial validity across both sexes.3?2
Eight male participants were excluded from the analysis since they were
completely unaware of how to cook. However, this was only 2.4% of total males
in the sample. In contrast, Ng et al (2006) found two strong factors underlying
physical and cognitive domains of IADL in a multi-ethnic Asian population in

Singapore.?® Those two factors explained 87.5% of variance.

All the reported goodness of fit indices of CFA (RMSEA, TLI, and CFl) were
satisfactory and all factor loadings were significant in the Spanish version.3??
Similarly all the factor loadings were significant in the Sinhala version and values
of TLI, CFl, and SRMR were in the acceptable range. However, the RMSEA value
was not in the acceptable range. One possible explanation could be use of
diagonally weighted least square technique estimation. Nye et al showed that
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RMSEA appears to be affected by sample size.3®® With a sample size of 400, they
have observed an increase of the cut-off value for RMSEA whilst the SRMR
seemed to perform relatively well, which is similar to the present study. While the
chi-square value of this model was significant, this may often be the case with

large sample sizes*®! and when data deviate from multivariate normality.3®2

A substantially low communality and factor loading were observed for the first
item; ‘ability to use the telephone’ in EFA and relatively low standardised factor
loading in CFA. Item one has demonstrated a relatively low inter-item correlation
with item 3, 4, and 5. This pattern was consistent across both sexes. Interestingly,
the same results were observed for EFA with the Spanish version.3?? A possible
reason could be the transition of use of land/fixed telephones to mobile devices.
At present, most households in Sri Lanka use mobile phones. According to the
statistics of Telecommunications Regulatory Commission of Sri Lanka, 12.1 and
122 fixed access and cellular mobile subscriptions per 100 inhabitants were
reported respectively in 2016.3%* However, ownership of mobile telephones is
much higher in younger than older populations and therefore access to a usable
phone might have been variable across this Sri Lankan population. Among older
adults, use of new technology e.g. smart phones and mobile telephones
successfully relies on an ability to learn a relatively new skill (technology) and may
require therefore more cognitive capacity than sustaining longstanding life-long
skills such as food preparation. It is also affected by the sensory function and fine

motor skills. Therefore, the patterns of activity limitations being assessed here is
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slightly different to the other IADL tasks. However, it is still measuring something
different than the other items as it represents the ability to communicate with the
outside world, an important part of ageing well. Therefore | decided to retain item
1 in the IADL scale in my analyses of the association between frailty and disability

(Chapter 8, page 301).

The Spearman’s correlation coefficient between the scores of Barthel index and
Lawton IADL Spanish version was above 0.40. In the present study, value of the
same correlation was moderate (0.61). It is unlikely to obtain a perfect correlation
with the Barthel index as older adults can have IADL limitations without having
BADL limitations. Moreover, the original Barthel index used in the present study
was not sensitive enough to capture and differentiate minor limitations of BADL.
The poor correlation of IADL score with MoCA score could be due to the nature of
scoring in the Lawton IADL scale. According to the guidelines of the original scale,
participants were classified as ‘dependent’ (0) or ‘independent’ (1). It does not
therefore differentiate the stage in between independence and dependence
where people can only perform these tasks with support (‘need support’). If the
Lawton IADL scale scores were coded according to the gradient of ability of
performing each task, a higher correlation with the MoCA score would be

expected.

In Sections 5.5.2 and 5.5.3 (above), | have compared my findings with the studies

that have been translated and validated the Lawton IADL scale into other
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languages (e.g. Chinese, Greek, and Spanish). However, it is also worth noting

language, cultural, and study population differences in these studies.

5.5.4 Strengths and limitations of the study

The main strengths of this study were that | followed a comprehensive and
rigorous methodology, and used a comprehensive cross-cultural adaptation
process and advanced statistical techniques to address the structure and
distribution of the IADL data. Moreover the psychometric evaluation was
performed with a large random sample of Sinhala speaking rural community-
dwelling older adults. According to the recent census, 99.0% of Sri Lankan older
adults live in the community.3?® In the original validation study, Lawton and Brody
(1969) had not explored the factor structure of the IADL scale.?®® Therefore, the
present study performed both EFA and CFA. Set of guidelines and best practices
available in the literature were followed when performing and reporting cross-

cultural adaptation of instrument, reliability testing, EFA, and CFA.2%1, 337,339, 343,364,

365

Twenty one participants (<2.0%) were excluded from the study population who
reported that they had never used a telephone or were completely unaware of
how to cook. The present study sample comprised of only 23 participants who did
not belong to Sinhalese ethnicity. All the interviews were conducted in Sinhala
language but on a few occasions participants were given a copy of the Tamil
guestionnaire to explain certain questions if their first language was Tamil. Hence,
participants who do not belong to Sinhalese ethnicity were excluded from the
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analysis as some of them were not fully conversant in Sinhala language. However,
the internal consistency of the scale was assessed both including and excluding
the participants who does not belong to Sinhalese ethnicity and found no
difference (standardised Cronbach’s alpha=0.92: please refer to Appendix 10

(page 454).

The test-retest reliability and responsiveness of the scale were not assessed due
to inadequate resources available. The limitation of the scale itself is absence of a
reference point of time. However, no guidelines exist as to the appropriate choice

of reference point of time either.3®

5.5.5 Recommendations

Participant’s self-reported capacity of performing each activity was used in
Lawton IADL-Sinhala version as a measure of self-reported efficacy or capacity in
performing activities. Some people may over- or under- estimate their true
capacity and this may therefore not reflect the actual performance of these
activities. Alternatively a researcher can also use the self-reported ‘actual
performance’ question stem and make notes about non-applicable items (where
the participant may be capable but does not regularly perform the activity). In the
present study, an interviewer-administered questionnaire was used with the
participant only. In future research self-reported and abilities of performing IADL
tasks reported by a key informant could also be compared. Lawton IADL scale-
Sinhala version has not specified a reference point of time, instead the scale asks
the general ability of performing each activity in day-to-day life.
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5.6 Conclusions

The Lawton IADL scale was successfully translated and culturally adapted to
Sinhala language. The Sinhala version demonstrated a good reliability and
construct validity with a large representative sample of Sinhala speaking rural
community-dwelling older adults. Given its good psychometric properties, it is
recommended for use in measuring/monitoring the limitations of instrumental

activities of daily living of rural community-dwelling older adults in Sri Lanka.

In Chapter 8 (page 301) | have used this Lawton IADL scale-Sinhala version to

estimate the association between frailty and IADL limitations.
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Chapter 6: Results of epidemiology of frailty in rural community-dwelling

older adults in Kegalle district of Sri Lanka

6.1 Chapter overview

In this chapter, | present the results pertaining to the epidemiology of frailty in
the present Sri Lankan study population. First, | report the sociodemographic
characteristics, health- related, and lifestyle factors of this study population and
the prevalence of frailty and its five separate components within study
population. Subsequently, | describe the prevalence of frailty status (non-frail,
pre-frail, and frail) by sociodemographic characteristics, health-related, and
lifestyle factors. Then | report the results of a set of multinomial logistic regression
models for: (i) sociodemographic characteristics, (ii) health-related factors, and
(iii) lifestyle factors associated with the risk of frailty and with the risk of pre-frailty
(versus non-frail). Some results sections of this chapter have been published in as
a peer-reviewed journal article by Siriwardhana et al in BMJ Open journal in

2019.%°
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6.2 Sociodemographic characteristics

Data were collected from 746 from a total of of 750 older adults that were
approached (response rate: 99.5%). One participant was excluded from the
analysis, as | could not determine the frailty status of the participant with certainty
due to missing data on three frailty components. This yielded a total sample of
745 participants for the final analysis. The age range of the participants was 60 to
94 years. The median age was 68 (IQR 64: 75) years in both the weighted and
unweighted samples. In the weighted sample, 56.7% were females, 97.4%
participants belonged to the Sinhalese ethnicity, and 59.1% were married.
However, half of females in the present sample were widows (51.4%) while only
8.5% males were widowers. 83.0% were living with children or other family
members, 79.0% reported that they have a ‘strong’ level of social support. Only
5.4% had no formal education. The majority (38.5%) had been engaged in
occupations classified as Skill level 2 which included skilled agricultural and fishery
work, craft and related work, etc. Of total sample, 55.0% reported “just about
getting by” in response to the survey item on perceived financial strain (Table 6.1,

page 255).
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Table 6.1 Sociodemographic characteristics of the unweighted and weighted

study samples

Sociodemographic

Unweighted sample %, (N)

Weighted sample (%)

characteristic All Male Female All Male Female
(N=745)  (N=349) (N=396)
46.8 % 53.2% 43.3% 56.7 %
Age category (years)
60-64 33.3(248) 28.7(100) 37.4(148) 35.7 37.4 34.3
65-69 26.7 (199) 28.4(99) 25.2 (100) 25.3 25.5 25.1
70-74 13.3(99)  14.3(50) 12.4 (49) 17.0 17.2 16.8
75-79 13.4(100) 14.3(50) 12.6 (50) 11.2 10.2 11.9
>80 13.3(99) 14.3(50) 12.4 (49) 10.8 9.6 11.8
Ethnicity
Sinhalese 96.9 (722) 96.9(338) 97.0(384) 97.4 97.3 97.5
Sri Lankan Moor 2.8 (21) 2.6 (9) 3.0(12) 2.4 2.2 2.5
Sri Lankan Tamil 0.1(1) 0.3 (1) 0.0 (0) 0.1 0.2 0.0
Other (Malay) 0.1(1) 0.3 (1) 0.0 (0) 0.1 0.3 0.0
Marital status
Never-married 4.8 (36) 2.9 (10) 6.6 (26) 5.2 2.8 6.9
Married 61.1(455) 86.8(303) 38.4(152) 59.1 88.0 37.1
Cohabiting 0.3(2) 0.3 (1) 0.2 (1) 0.5 0.7 0.4
Separated 1.7 (13) 0.0 (0) 3.3(13) 1.8 0.0 3.2
Divorced 0.7 (5) 0.0 (0) 1.2 (5) 0.6 0.0 1.0
Widowed 31.4(234) 10.0(35) 50.3 (199) 329 8.5 51.4
Living arrangements
Alone 6.0 (45) 3.1(11) 8.6 (34) 6.3 2.8 9.0
With spouse only 11.3(84) 15.5(54) 7.6 (30) 10.7 15.1 7.4
Children/other 82.7(616) 81.4(284) 83.8(332) 83.0 82.1 83.6
family
Social support
Poor 4.3 (32) 3.7 (13) 4.8 (19) 4.3 2.7 5.5
Moderate 16.6 (124) 12.6(44) 20.2 (80) 16.7 11.6 20.6
Strong 78.5(585) 83.4(291) 74.2(294) 79.0 85.7 73.9
Missing 0.6 (4) 0.3(1) 0.8 (3) - - -
Education level
No formal education 5.0(37) 1.4 (5) 8.1(32) 5.4 1.3 8.6
Primary 23.8(177) 23.5(82) 24.0 (95) 23.3 22.0 24.2
Lower secondary 35.1(262) 37.0(129) 33.6(133) 353 37.6 335
Upper secondary/ 33.7(251) 35.2(123) 32.3(128) 33.7 36.1 32.0
Post-secondary non-
tertiary
Tertiary 2.4 (18) 2.9 (10) 2.0(8) 2.3 3.0 1.7
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Table 6.1 continued. Sociodemographic characteristics of the unweighted and

weighted study samples

Sociodemographic

Unweighted sample %, (N)

Weighted sample (%)

characteristic All Male Female All Male Female
(N=746) (N=349) (N=396)
46.8 % 53.2% 433 % 56.7 %

Longest-held
occupation
Never employed/ 42.4(316) 23.8(83) 58.8(233) 43.8 24.7 58.4
Skill level 1
Skill level 2 39.3(293) 53.9(188) 26.5(105) 38.5 53.1 27.4
Skill level 3 or 4 18.3(136) 22.3(78) 14.7 (58) 17.7 22.2 14.2
Perceived financial
strain
Finding it difficult/ 20.4 (152) 19.5 (68) 21.2 (84) 20.4 18.9 21.5
very difficult to get
by
Just about getting by  54.5 (406) 54.7(191) 54.3(215) 55.0 56.8 53.8
Living comfortably 25.1(187) 25.8(90) 24.5 (97) 24.6 24.3 24.7

Figures are column percentages.

Skill level 1: elementary occupations (low skilled).

Skill level 2: skilled agricultural and fishery work, craft and related work, etc.

Skill level 3: technicians, associate professionals, and clerks.

Skill level 4: legislators, senior officials and managers, and professionals (highest skilled).

Note: Table was taken from a published paper by Siriwardhana et al?®® and has been modified

slightly.
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Table 6.2 (page 258) was compiled using the information available from two
publications based on 2012 census data.'*% 328 The majority (61.0%) of older adults
in the present study sample as well as in Sri Lanka belong to ‘young-old’ (age 60-
69 years) age category. However, the present study sample was slightly higher
educated, included a higher proportion of older adults who belonged to Sinhalese
ethnicity and comprised a higher proportion of widows compared with the
national older population. Of all 25 districts, Kegalle district has the highest

° and therefore a higher

proportion of older adults in a district population®
proportion of widows are expected given the difference of life expectancy
between males and females!. A major difference between the present study
sample (based in rural areas only) and the Sri Lankan population as a whole was
observed with respect to living arrangement. It was found that 83.0% of older
adults in the sample were living in extended households where more than one
generation was living in the same household. However, only 59.0% of the Sri
Lankan older adults as a whole lived in extended households in 2012. This may be
due to differences between living arrangements in rural areas compared with

urban and other areas, as the Sri Lankan population is a mix of rural, urban, and

estate sectors.?*°
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Table 6.2 Comparison of sociodemographic characteristics of the present study

sample with entire Sri Lankan older population

Sociodemographic characteristic Present study sample (%) Sri Lanka (%)
Sex

Male 43.3 44.3
Female 56.7 55.7
Age category (years)

60-64 35.7 36.4
65-69 25.3 25.1
70-74 17.0 164
75-79 11.2 11.2
>80 10.8 10.9
Ethnicity

Sinhalese 97.4 79.7
Sri Lankan Tamil 0.1 9.9
Sri Lankan Moor 2.4 5.8
Indian Tamil 0.0 4.0
Other 0.1 0.6
Marital status

Never-married 5.2 5.5
Married 59.1 72.6
Divorced/ separated 2.4 1.1
Widowed 32.9 20.9
Education level

No formal education 5.4 10.4
Primary 23.3 324
Lower secondary 35.3 32.6
Upper secondary/ Post-secondary non-tertiary 33.7 22.2
Tertiary 2.3 2.5
Living arrangement

Extended households 83.0 59.0
Nuclear families 17.0 41.0

Figures are column percentages.
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6.3 Health-related factors

In the weighted sample, 41.4% had multimorbidity (defined in the present study
as the co-existence of two or more concurrent chronic medical conditions). A
quarter of the sample (23.7%) was taking five or more medicines daily (an
indicator of polypharmacy used the present study), and 58.8% reported chronic
pain. 32.6% were identified as in the high/medium risk category of depression
(high risk: GDS-15 score of 10 or more; medium risk: GDS-15 score of 5-9; low risk:
GDS-15 score of 0-4) and 57.0% reported their general health status as ‘poor/fair’.
Females reported poorer health (multimorbidity, polypharmacy, experiencing
chronic body pain, cognitive status, depressive status, self-perceived vision,
hearing, oral health, and general health) compared with males (refer to Table 6.3,

page 260).
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Table 6.3 Health-related factors of the unweighted and weighted study samples

Health-related factor

Unweighted sample %, (N)

Weighted sample (%)

All Male Female All Male Female
(N=745)  (N=349) (N=396)
46.8 % 53.2% 43.3 % 56.7 %
Multimorbidity
Yes 40.9 (305) 35.2(123) 46.0(182) 414 344 46.7
No 59.1(440) 64.8(226) 54.0(214) 58.6 65.6 53.3
Polypharmacy
Yes (=5 medicines) 24.3(181) 21.5(75) 26.8(106) 23.7 19.9 26.7
No (<5 medicines) 75.7 (564) 78.5(274) 73.2(290) 76.3 80.1 73.3
Having a chronic pain
Yes 57.1(425) 46.4(162) 66.4(263) 58.8 47.0 67.7
No 42.0(313) 51.6(180) 33.6(133) 41.2 53.0 323
Missing 0.9 (7) 2.0(7) 0.0 (0) - - -
Cognitive assessment
<Median MoCA score 47.8 (356) 42.4(148) 52.5(208) 48.7 40.6 54.8
2 Median MoCA score  52.2(389) 57.6(201) 47.5(188) 51.3 59.4 45.2
Depressive status
(GDS-15)
High risk 7.9 (59) 4.6 (16) 10.9 (43) 8.0 4.1 11.0
Moderate risk 24.3(181) 22.3(78) 26.0(103) 24.6 21.7 26.8
Low risk 67.7 (504) 73.1(255) 62.9(249) 67.4 74.2 62.2
Missing 0.1(1) 0.0 (0) 0.2 (1) - - -
Self-perceived vision ability
Poor/Fair 50.9(379) 49.9(174) 51.8(205) 50.0 47.2 52.2
Good/ 49.1(366) 50.1(175) 48.2(191) 50.0 52.8 47.8
Very good/Excellent
Self-perceived hearing ability
Poor/Fair 34.0(253) 34.4(120) 33.6(133) 32.8 30.9 34.2
Good/ 66.0 (492) 65.6(229) 66.4(263) 67.2 69.1 65.8
Very good/Excellent
Self-perceived oral health
Poor/Fair 57.2(426) 55.3(193) 58.8(233) 56.0 53.6 57.8
Good/ 42.7 (318) 44.4(155) 41.2(163) 44.0 46.4 42.2
Very good/Excellent
Missing 0.1(1) 0.3(1) 0.0 (0) - - -
Self-perceived general health
Poor/Fair 56.5(421) 53.0(185) 59.6(236) 57.0 52.4 60.5
Good/ 43.4 (323) 46.7(163) 40.4(160) 43.0 47.6 39.5
Very good/Excellent
Missing 0.1(1) 0.3 (1) 0.0 (0) - - -

Figures are column percentages.
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6.4 Lifestyle factors

Table 6.4 (page 262) presents the distribution of lifestyle factors in the study
sample. 72.0% males were former/current smokers compared with 0.3% of
females. Nearly a half of males (45.0%) reported alcohol consumption in the last
year compared to no females. Males had higher protein and vegetable intakes

than females.
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Table 6.4 Lifestyle related factors of the unweighted and weighted study samples

Health-related factor Unweighted sample %, (N) Weighted sample (%)

All Male Female All Male Female

(N=745)  (N=349) (N=396)
46.8 % 53.2% 433% 56.7%

Smoking status
Never smoker 66.0 (492) 27.8(97) 99.8(395) 68.6 28.0 99.7
Former smoker 23.0(171) 48.7(170) 0.2 (1) 20.8 47.5 0.3
Current smoker 11.0(82) 23.5(82) 0.0 (0) 10.6 24.5 0.0

Alcohol consumption

in past 12 months

Yes 20.3(151) 43.3(151) 0.0 (0) 19.5 45.0 0.0
No 79.7 (594) 56.7(198) 100.0(396) 80.5 55.0 100.0
Weekly protein

(animal and plant)

intake

Low 35.7(266) 28.4(99) 42.3(167) 38.0 30.1 44.1
Moderate 31.6(235) 28.6(100) 34.2(135) 31.9 29.4 33.7
High 32.7(243) 43.0(150) 23.5(93) 30.1 40.6 22.2

Weekly animal
protein intake

Low 35.1(261) 29.5(103) 40.0(158) 36.2 30.0 41.0
Moderate 41.5(309) 40.1(140) 42.8(169) 41.5 39.8 42.8
High 23.4(174) 30.4(106) 17.2(68) 22.3 30.2 16.2
Weekly plant protein

intake

Low 39.2(292) 30.9(108) 46.5(184) 41.1 33.0 47.3
Moderate 31.1(232) 32.4(113) 30.0(119) 31.3 33.0 30.0
High 29.7(221) 36.7(128) 23.5(93) 27.6 34.0 22.7
Weekly vegetable

intake

Low 33.7(251) 29.5(103) 37.4(148) 34.6 29.8 38.2
Moderate 33.0(246) 33.0(115) 33.1(131) 32.7 32.2 331
High 33.3(248) 37.5(131) 29.5(117) 32.7 38.0 28.7
Weekly fruit intake

Low 37.2(277) 39.3(137) 35.4(140) 39.1 40.9 37.8
Moderate 30.2(225) 26.6(93) 33.3(132) 30.3 27.5 324
High 32.6(243) 34.1(119) 31.3(124) 30.6 31.6 29.8

Figures are column percentages.
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6.5 Prevalence of frailty and its components

As mentioned in Section 4.7.1.4 (page 185), participants with three or more of the
five Fried phenotypic frailty components (low BMI, poor endurance and energy,
weakness, slowness and low physical activity) were considered as frail, those with
one or two components were considered as pre-frail, and those with none of the
five components were considered as robust/non-frail. The prevalences of frailty,
pre-frailty, and non-frailty among rural community-dwelling older adults in
Kegalle district in 2016 were 15.2% (95% Cl: 12.3%, 18.6%), 48.5% (95% Cl: 43.8%,

53.2%), and 36.3% (95% Cl: 32.4%, 40.2%) respectively.

The most prevalent frailty component in the overall sample was poor endurance
and energy (self-reported exhaustion) (37.5%) followed by weakness (23.6%),
slowness (19.6%), low physical activity (19.2%), and shrinking (low BMI) (18.2%).
All of the frailty components were more prevalent among females than males,

except for low BMI which was more prevalent in males (Table 6.5, page 264).
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Table 6.5 Prevalence of each frailty component and the total number of frailty

components in the overall sample and by sex

Total (%) Male (%) Female (%)

Frailty component

Low BMI 18.2 20.2 16.6
Self-reported exhaustion 37.5 31.9 41.7
Weakness (low grip strength) 23.6 19.6 26.6
Slowness (low gait speed) 19.6 18.7 20.3
Low physical activity 19.2 17.4 20.5

Total number of frailty components

0 36.2 41.3 32.3
1 30.8 29.7 31.6
2 17.8 14.7 20.2
3 10.5 104 10.6
4 4.2 3.0 5.0
5 0.5 0.8 0.3

Note: Table was taken from a published paper by Siriwardhana et al?®.
Column percentages for the total number of frailty components.
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6.6 Prevalence of frailty status across sociodemographic characteristics

The prevalence of frailty increased with age, however, it did not vary markedly by
sex (Figure 6.1, below). For example, 3.8% of older adults aged 60-64 years were
classified as frail whilst nearly half (47.9%) of those aged 80 years or older were
frail. A higher prevalence of frailty was observed in older adults who reported
‘poor’ social support, with low education, those who had low skilled occupations
or never had an employment, and those who reported higher financial strain.
There was an increasing gradient of pre-frailty prevalence across education level
and perceived financial strain, with higher levels of pre-frailty in those with low

education level and higher perceived financial strain (Table 6.6, page 266).

Figure 6.1 Prevalence of frailty, pre-frailty, and non-frailty by age-and sex among

rural community-dwelling older adults in Kegalle district in 2016
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Table 6.6 Prevalence of frailty status across sociodemographic characteristics

Sociodemographic characteristic

Unweighted sample %, (N)

Prevalence (95% Cl) in weighted sample %

Non-frail Pre-frail Frail Non-frail Pre-frail Frail
Sex
Female 33.1(131) 51.0(202) 15.9 (63) 32.4(26.9,38.2) 51.6 (44.0, 59.0) 16.0(11.8, 21.1)
Male 37.3(130) 46.1 (161) 16.6 (58)  41.3(36.2,46.6)  44.4(39.3,49.5) 14.3 (10.9, 18.3)
Age category (years)
60-64 55.3 (137) 40.7 (101) 4.0 (10) 55.0 (45.2, 64.4) 41.1(32.3, 50.5) 3.8(1.7,7.9)
65-69 37.2(74) 52.3 (104) 10.5(21)  38.9(27.6,51.5)  51.0(39.6, 62.2) 10.0 (5.6, 17.2)
70-74 27.3(27) 58.6 (58) 14.1 (14) 25.6 (16.4, 37.7) 58.4 (47.7, 68.2) 15.9 (8.6, 27.4)
75-79 14.0 (14) 57.0(57) 29.0(29) 12.4 (6.3, 22.9) 56.9 (43.0, 69.7) 30.7 (19.3, 44.9)
>80 9.1(9) 43.4 (43) 47.5 (47) 9.3(4.2,19.3) 42.7 (28.4, 58.3) 47.9 (33.1, 63.0)
Marital status
Married/cohabiting 40.3 (184) 46.6 (213) 13.1 (60) 42.6(37.1, 48.3) 45.9 (41.3, 50.5) 11.5(7.9, 16.2)
Never-married/ 26.7 (77) 52.1(150) 21.2 (61) 26.8 (20.6, 34.0) 52.4 (44.4, 60.1) 20.8 (14.8, 28.4)
widowed/separated/divorced
Living arrangements
Alone 26.7 (12) 64.4 (29) 8.9 (4) 26.8 (14.6, 43.9) 62.2 (38.1, 81.4) 11.0(2.1, 41.3)
With spouse only 40.5 (34) 46.4 (39) 13.1(11)  42.9(27.5,59.7)  45.9(30.4,62.1) 11.2 (4.7, 24.0)
Children/other family 34.9 (215) 47.9 (295) 17.2(106) 36.0(32.0, 40.3) 47.9 (42.9, 52.6) 16.1(12.7,20.1)
Social support
Poor 15.6 (5) 50.0 (16) 34.4 (11) 14.8 (5.0, 36.3) 48.0(24.0, 73.0) 37.0(17.1, 62.6)
Moderate 28.2 (35) 51.6 (64) 20.2 (25) 28.3(18.4, 40.8) 54.3 (40.2, 67.7) 17.3 (9.7, 28.9)
Strong 37.6 (220) 47.9 (280) 14.5 (85) 39.2 (34.2, 44.5) 47.0(41.3,52.8) 13.6 (10.5, 17.4)
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Table 6.6 continued. Prevalence of frailty status across sociodemographic characteristics

Sociodemographic characteristic Unweighted sample %, (N) Prevalence (95% Cl) in weighted sample %
Non-frail Pre-frail Frail Non-frail Pre-frail Frail

Education level

No formal education/primary 19.6 (42) 54.7 (117) 25.7 (55) 21.0 (14.0, 30.0) 55.4 (46.8, 63.7) 23.6 (16.4, 32.6)
Lower secondary 35.1(92) 49.6 (130) 15.3(40)  35.8(29.5,42.5)  49.3(42.1,56.3) 14.9 (9.9, 21.8)
Upper secondary or above 47.2 (127) 43.1(116) 9.7 (26) 48.8(41.9,55.7)  42.2(34.7,50.1) 8.9 (5.4, 14.2)
Longest-held occupation

Never-employed/Skill level 1 28.2 (89) 49.0 (155) 22.8(72)  29.5(23.5,36.3)  49.4(43.3,55.4) 21.1(16.2, 26.8)
Skill level 2 36.8 (108) 50.2 (147) 13.0 (38) 38.5(31.5, 46.0) 49.1 (41.5, 56.6) 12.4 (8.2, 18.2)
Skill level 3 or 4 47.1 (64) 44.8 (61) 8.1(11) 47.9 (39.2,56.7) 45.1 (35.8, 54.6) 7.0(3.3,14.1)
Perceived financial strain

Finding it difficult/very difficult to get by 24.4 (37) 52.6 (80) 23.0(35) 26.7 (18.8, 36.2) 54.0 (44.1, 63.6) 19.3(13.3, 27.0)
Just about getting by 34.5 (140) 50.0 (203) 15.5 (63) 36.1(31.0, 41.5) 48.7 (42.6, 54.7) 15.2 (11.7, 19.3)
Living comfortably 44.9 (84) 42.8 (80) 12.3(23) 44.5 (35.7, 53.5) 43.5(32.6, 54.9) 12.0(6.4, 21.3)

Figures are row percentages.
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6.7 Sociodemographic characteristics associated with frailty and pre-frailty

Table 6.7 (page 270) presents the results from the unadjusted, ‘age-and sex’-
adjusted, and multivariable-adjusted multinomial logistic regression models for
sociodemographic factors. Frailty status was the three-category dependent

variable with non-frail as reference category.

Frailty versus non-frail

In ‘age-and sex’-adjusted models, age, social support, education level, longest-
held occupation, and perceived financial strain were significantly associated with
frailty. However, the associations were attenuated when adding other factors.
Education level and perceived financial strain were no longer statistically
significant in the final multivariable model. In the multivariable-adjusted model,
the relative risk of being frail compared with being non-frail increased with
advancing age. The relative risk of being frail (versus non-frail) was 3.7 times
higher in older adults who have never been employed or who had an occupation
in the lowest skill level rather than the highest skill level. The relative risk of being
frail compared with non-frail was nine times higher for those who reported ‘poor’

social support compared with those who reported ‘strong’ social support.
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Pre-frailty versus non-frail

In ‘age-and sex’-adjusted models, age, education level, longest-held occupation,
and perceived financial strain were significantly associated with pre-frailty.
However, the longest-held occupation and perceived financial strain were no
longer statistically significant in the final multivariable model. In the multivariable-
adjusted model, the relative risk of being pre-frail compared with being non-frail
was two-thirds lower for participants aged 60-64 years relative to those aged 70-
74 years. Older adults in the lowest education group compared to those in the
highest education group had an approximately 2.5 times higher risk of being pre-

frail compared with being non-frail.
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Table 6.7 Unadjusted, ‘age-and sex’-adjusted, and multivariable-adjusted multinomial logistic regression results: sociodemographic factors

Sociodemographic
characteristic

Relative Risk Ratio (95% Cl)

Pre-frailty versus non-frail

Unadjusted

‘Age-and sex’-
adjusted

Multivariable-
adjusted?

Unadjusted

Frailty versus non-frail

‘Age-and sex’-
adjusted

Multivariable-
adjusted?

Sex

Female

Male

Age category (years)
60-64

65-69

70-74

75-79

>80

Living arrangements
Alone

With spouse only
Children/other family
Social support

Poor

Moderate

Strong

1.48 (1.00, 2.18)
1.00

0.32(0.16, 0.65)
0.57 (0.27, 1.20)
1.00
2.01(0.87, 4.64)
1.99 (0.69, 5.74)

1.75(0.74, 4.13)
0.80 (0.37, 1.73)
1.00

2.71(0.65, 11.3)
1.60 (0.78, 3.30)
1.00

1.45 (0.96, 2.20)
1.00

0.32 (0.16, 0.66)
0.57 (0.27, 1.21)
1.00
1.99 (0.86, 4.60)
1.96 (0.67, 5.71)

1.58 (0.56, 4.49)
0.87 (0.38, 1.98)
1.00

2.51(0.52, 12.2)
1.52 (0.68, 3.37)
1.00

1.24 (0.75, 2.04)
1.00

0.33 (0.15, 0.72)
0.56 (0.24, 1.30)
1.00
1.97 (0.83, 4.64)
1.77 (0.53, 5.88)

1.21(0.42, 3.52)
0.76 (0.38, 1.50)
1.00

2.13 (0.42, 10.60)
1.41 (0.63, 3.15)
1.00

1.43 (0.91, 2.23)
1.00

0.11(0.02, 0.41)
0.41 (0.11, 1.45)
1.00
3.98 (1.46, 10.84)
8.20 (2.24, 30.00)

0.91 (0.17, 4.75)
0.58 (0.18, 1.82)
1.00

7.18 (1.92, 26.89)
1.75 (0.76, 4.03)
1.00

1.34 (0.77, 2.35)
1.00

0.11(0.02, 0.41)
0.41 (0.11, 1.45)
1.00
3.94 (1.44, 10.75)
8.09 (2.20, 29.75)

0.90 (0.18, 4.54)
0.75 (0.20, 2.78)
1.00

8.80 (1.69, 45.69)
1.74 (0.75, 4.02)
1.00

0.87(0.45, 1.68)
1.00

0.11 (0.02, 0.48)
0.38 (0.08, 1.66)
1.00
4.15 (1.44, 11.96)
8.13 (2.02, 32.67)

0.51 (0.10, 2.49)
0.66 (0.18, 2.41)
1.00

9.04 (1.59, 51.19)
1.68 (0.72, 3.90)
1.00
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Table 6.7 continued. Unadjusted, ‘age-and sex’-adjusted, and multivariable-adjusted multinomial logistic regression results:

sociodemographic factors

Sociodemographic Relative Risk Ratio (95% Cl)
characteristic Pre-frailty versus non-frail Frailty versus non-frail

Unadjusted ‘Age-and sex’- Multivariable- Unadjusted ‘Age-and sex’- Multivariable-

adjusted adjusted? adjusted adjusted?

Education level
No formal 3.05(1.71, 5.42) 2.63 (1.51, 4.56) 2.49 (1.28,4.87) 6.15(2.66,14.23) 4.04(1.67,9.77) 2.26 (0.72, 7.05)
education/primary
Lower secondary 1.59 (1.02, 2.47) 1.57 (0.98, 2.52) 1.50 (0.79, 2.82) 2.28 (1.13, 4.60) 2.30(1.09, 4.88) 1.34(0.53, 3.36)
Upper secondary or 1.00 1.00 1.00 1.00 1.00 1.00
above
Longest-held occupation
Never-employed/ 1.77 (1.04, 3.02) 1.77 (1.07, 2.94) 0.94 (0.44,2.00) 4.88(2.27,10.46) 6.33(2.84,14.13) 3.71(1.34,10.28)
Skill level 1
Skill level 2 1.35(0.83, 2.18) 1.48 (0.89, 2.46) 0.86(0.42, 1.74) 2.20(0.84, 5.70) 2.92 (1.12,7.62) 1.86 (0.54, 6.35)
Skill level 3 or 4 1.00 1.00 1.00 1.00 1.00 1.00
Perceived financial strain
Finding it difficult/very 2.07 (1.08, 3.96) 2.23 (1.16, 4.28) 1.48 (0.70, 3.09) 2.66 (1.24,5.73) 3.53(1.35,9.19) 1.75(0.58, 5.29)
difficult to get by
Just about getting by 1.37(0.80, 2.36) 1.54 (0.93, 2.54) 1.31(0.80, 2.14) 1.55(0.74, 3.22) 2.11(0.85, 5.23) 1.51(0.57, 4.03)
Living comfortably 1.00 1.00 1.00 1.00 1.00 1.00

*adjusted for sex, age group, and sociodemographic characteristics (living arrangements, social support, education level, longest-held occupation, and perceived
financial strain).

The reference category is 1.00.

Statistically significant estimates (at the 5% level) are displayed in bold.
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6.8 Prevalence of frailty status across health-related factors

Table 6.8 (page 273) presents the prevalence of frailty status across health-related
factors. As expected, a higher prevalence of frailty was observed in older adults
with multimorbidity, taking five or more medicines daily (polypharmacy), who
reported experiencing chronic pain, those who have lower (below the median)
cognitive assessment score, and those who reported being ‘poor’ or ‘fair’ in the
following factors: self-perceived vision ability, hearing ability, oral health, and
general health. There was an increasing gradient of frailty prevalence across
depressive symptoms categories, with higher levels of frailty in those at high risk

of depression.

The prevalence of pre-frailty was approximately half and relatively stable across
those who were taking five or more medicines daily, reported to have chronic
pain, had cognitive assessment scores below the median score of the sample,
were at high and moderate levels of risk of depression, and considered as ‘poor’
or ‘fair’ health in the following factors: self-perceived vision ability, hearing ability,

and general health.
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Table 6.8 Prevalence of frailty status across health-related factors

Health-related factor

Unweighted sample, %, (N)

Non-frail

Pre-frail

Frail

Prevalence (95% Cl) in weighted sample, %

Non-frail

Pre-frail

Frail

Multimorbidity

Yes

No

Polypharmacy

Yes (25 medicines)
No (<5 medicines)
Having a chronic pain
Yes

No

Cognitive assessment
<Median MoCA score
> Median MoCA score

Depressive status (GDS-15)

High risk
Moderate risk
Low risk

Self-perceived vision ability

Poor/Fair

Good/Very good/Excellent

29.2 (89)
39.1(172)

21.6 (39)
39.4 (222)

27.3 (116)
45.4 (142)

21.3 (76)
47.6 (185)

8.5 (5)
17.7 (32)
44.5 (224)

26.1(99)
44.3 (162)

50.5 (154)
47.5 (209)

50.8 (92)
48.0 (271)

51.8 (220)
44.7 (140)

52.3 (186)
45.5 (177)

52.5 (31)
52.5 (95)
47.0 (237)

50.7 (192)
46.7 (171)

20.3 (62)
13.4 (59)

27.6 (50)
12.6 (71)

20.9 (89)
9.9 (31)

26.4 (94)
6.9 (27)

39.0 (23)
29.8 (54)
8.5 (43)

23.2(88)
9.0 (33)

40.1 (34.5, 46.0)
30.6 (25.3, 36.5)

21.1(14.8,29.2)
40.9 (36.0, 45.9)

28.4(23.9, 33.3)
47.0 (40.3, 53.8)

23.0(17.9, 29.0)
48.7 (42.8, 54.7)

8.3(2.5,24.3)
19.6 (13.3, 27.9)
45.6 (40.7, 50.6)

27.5(22.9, 32.7)
44.9 (38.9, 50.9)

47.2 (41.3,53.1)
50.3 (42.5, 58.0)

51.6 (43.7, 59.4)
47.5 (42.5, 52.5)

51.5 (44.6, 58.4)
44.3 (38.4, 50.3)

52.8 (46.6, 59.0)
44.3 (38.5, 50.2)

51.7 (35.4, 67.6)
53.8 (43.6, 63.7)
46.3 (40.8, 51.8)

50.5 (44.0, 57.0)
46.4 (39.9, 53.1)

19.0 (13.0, 26.8)
12.5 (9.3, 16.6)

27.1(19.7, 36.0)
11.5 (8.7, 15.0)

20.0 (15.7, 25.0)
8.6 (5.8, 12.6)

24.1(19.1, 29.8)
6.8 (3.6, 12.4)

39.9 (24.1, 58.1)
26.5 (18.4, 36.6)
8.0 (5.9, 10.8)

21.8 (17.4, 27.0)
8.6 (5.7, 12.6)
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Table 6.8 continued. Prevalence of frailty status across health-related factors

Health-related factor

Unweighted sample, %, (N)

Prevalence (95% Cl) in weighted sample, %

Non-frail Pre-frail Frail Non-frail Pre-frail Frail
Self-perceived vision ability
Poor/Fair 26.1(99) 50.7 (192) 23.2 (88) 27.5(22.9,32.7) 50.5(44.0,57.0) 21.8(17.4,27.0)
Good/Very good/Excellent 443 (162)  46.7 (171) 9.0 (33) 44.9 (38.9,50.9) 46.4(39.9,53.1) 8.6(5.7, 12.6)
Self-perceived hearing ability
Poor/Fair 22.1(56) 56.1(142) 21.8 (55) 22.5(15.0,32.3) 56.0(47.8,63.9) 21.3(15.1,29.2)
Good/Very good/Excellent 41.7 (205) 44.9(221)  13.4(66) 42.9(37.1,48.8) 44.8(39.4,50.3) 12.2(8.4,17.4)
Self-perceived oral health
Poor/Fair 31.9(136) 48.6(207) 19.5 (83) 33.4(28.6,38.6) 48.2(42.3,54.1) 18.2(13.7,23.9)
Good/Very good/Excellent 39.0(124)  49.0(156) 12.0(38) 39.5(32.7,46.8) 48.9(41.4,56.5) 11.4(7.4,17.2)
Self-perceived general health
Poor/Fair 26.1(110)  51.1(215) 22.8 (96) 26.5(22.0,31.5) 51.6(46.0,57.1) 21.8(17.4,27.0)
Good/Very good/Excellent 46.8 (151)  45.5(147) 7.7 (25) 49.1(41.3,57.0) 44.2(36.1,52.8) 6.5(3.7,11.0)

Figures are row percentages.
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6.9 Health-related factors associated with frailty and pre-frailty

Table 6.9 (page 277) presents the results from the unadjusted, ‘age-and sex’-
adjusted, and multivariable-adjusted multinomial logistic regression models for

health-related factors.

Frailty versus non-frail

In ‘age-and sex’-adjusted models, the relative risks of being frail compared with
being non-frail increased with polypharmacy (taking five or more medicines daily),
having chronic pain, a lower (below the median) cognitive assessment score
(MoCA), higher risk of depression and those who have ‘poor’/fair’ self-perceived
vision ability compared with their counterparts without these conditions.
However, in the multivariable-adjusted model, chronic pain and ‘poor’/‘fair’ self-

perceived vision ability were no longer significantly associated with frailty.

In the multivariable-adjusted model, polypharmacy, lower (below the median)
cognitive assessment score and presence of higher levels of depressive symptoms
were significantly associated with frailty. The relative risk of being frail compared
with being non-frail increased by six times for older adults who had the
high/moderate risk of depression compared with their low risk counterparts.
Similarly, the relative risk of being frail compared with being non-frail was
approximately four times higher in older adults taking five or more medicines daily
(the definition of polypharmacy used in the present study) compared with those

taking four or less.
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Pre-frailty versus non-frail

All the factors associated with frailty in the ‘age-and sex’-adjusted models and
additionally having ‘poor’/‘fair’ self-perceived hearing ability were also associated

with pre-frailty (versus non-frail).

In the multivariable-adjusted model, the relative risk of being pre-frail compared
with being non-frail was two times higher for older adults with high/moderate risk
of depression compared with their low risk counterparts. Similarly, having a lower
(below the median) cognitive score also increased the relative risk of being pre-

frail compared with being non-frail.
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Table 6.9 Unadjusted, ‘age-and sex’-adjusted, and multivariable-adjusted multinomial logistic regression results: health-related factors

Health-related factor

Relative Risk Ratio (95% Cl)

Pre-frailty versus non-frail

Unadjusted

‘Age-and sex’-
adjusted

Multivariable-
adjusted*

Unadjusted

Frailty versus non-frail

‘Age-and sex’-
adjusted

Multivariable-
adjusted*

Multimorbidity

Yes

No

Polypharmacy

Yes (25 medicines)
No (<5 medicines)
Having a chronic pain
Yes

No

Cognitive assessment
<Median MoCA score
2 Median MoCA score

Depressive status (GDS-15)

High/moderate risk
Low risk

1.39(0.93, 2.09)
1.00

2.09 (1.29, 3.40)
1.00

1.92 (1.31, 2.82)
1.00

2.53 (1.71, 3.72)
1.00

3.11 (1.85, 5.25)
1.00

1.23 (0.84, 1.81)
1.00

1.95 (1.14, 3.34)
1.00

1.67 (1.13, 2.46)
1.00

2.08 (1.41, 3.08)
1.00

2.93 (1.73, 4.95)
1.00

0.94 (0.58, 1.53)
1.00

1.74 (0.88, 3.42)
1.00

1.23(0.78, 1.91)
1.00

1.66 (1.10, 2.53)
1.00

2.21(1.21, 4.07)
1.00

1.97 (1.06, 3.66)
1.00

4.54 (2.26,9.12)
1.00

3.81 (2.28, 6.37)
1.00

7.47 (3.23, 17.27)
1.00

10.02 (5.22, 19.22)

1.00

1.71(0.83, 3.54)
1.00

4.44 (1.99, 9.92)
1.00

2.97 (1.60, 5.50)
1.00

4.52 (1.89, 10.81)
1.00

10.39 (5.35, 20.20)

1.00

0.88 (0.34, 2.28)
1.00

3.85 (1.39, 10.66)
1.00

1.51(0.73, 3.11)
1.00

2.41 (1.02, 5.69)
1.00

6.24 (3.13, 12.42)
1.00
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Table 6.9 continued. Unadjusted, ‘age- and sex’-adjusted, and multivariable-adjusted multinomial logistic regression results: health-related

factors
Health-related factor Relative Risk Ratio (95% Cl)
Pre-frailty versus non-frail Frailty versus non-frail
Unadjusted ‘Age-and sex’- Multivariable- Unadjusted ‘Age-and sex’- Multivariable-
adjusted adjusted? adjusted adjusted?
Self-perceived vision ability
Poor/Fair 1.77 (1.19,2.62) 1.60(1.01,2.52) 1.15(0.70,1.89)  4.12(2.56, 6.63) 3.24(1.82,5.76)  1.61(0.79, 3.28)
Good/Very good/Excellent 1.00 1.00 1.00 1.00 1.00 1.00
Self-perceived hearing ability
Poor/Fair 2.38 (1.30, 4.35) 1.86(1.05,3.29) 1.63(0.89,3.02)  3.32(1.38,7.97) 1.61(0.64,4.07)  1.19(0.42, 3.32)
Good/Very good/Excellent 1.00 1.00 1.00 1.00 1.00 1.00
Self-perceived oral health
Poor/Fair 1.16 (0.77,1.75) 1.12(0.72,1.72) 0.92(0.58,1.48)  1.88(0.94, 3.75) 1.64 (0.78,3.46)  1.20 (0.54, 2.64)
Good/Very good/Excellent 1.00 1.00 1.00 1.00 1.00 1.00

*adjusted for sex, age group, longest-held occupation, social support, multimorbidity, polypharmacy, having chronic pain, cognitive assessment, depressive status,
self-perceived vision ability, hearing ability, and oral health.

The reference category is 1.00.

Statistically significant estimates (at the 5% level) are displayed in bold.
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6.10 Prevalence of frailty status across lifestyle factors

Table 6.10 (page 280) presents the prevalence of frailty status across the lifestyle
factors: smoking, alcohol consumption, and diet. The prevalence of frailty did not
vary markedly across smoking status. The prevalence of frailty was low among the
older adults who reported consumption of alcohol within the past 12 months.
However, this finding should be interpreted in the context of a low prevalence of
alcohol consumption in the sample (one-in-five reported consuming alcohol in the
past year) and all alcohol consumers were being males (Table 6.4, page 262). A
higher prevalence of frailty was observed in older adults who were in the ‘low’
tertiles of weekly protein (both plant and animal), plant protein, and vegetable
intake. There was a decreasing gradient of frailty prevalence across the tertiles of
the aforementioned three food groups. For instance, the prevalence of frailty in
the ‘low’ weekly vegetable intake tertile was 21.9% whereas the prevalence of

frailty was 7.8% in the ‘high’ vegetable intake tertile.

The prevalence of pre-frailty was low among the older adults who reported
consumption of alcohol within the past 12 months. The prevalence of pre-frailty

was above 44.0% across all the tertiles of all food groups.

279



Table 6.10 Prevalence of frailty status across lifestyle factors

Lifestyle factors

Unweighted sample, %, (N)

Prevalence (95% Cl) in weighted sample, %

Non-frail Pre-frail Frail Non-frail Pre-frail Frail
Smoking status
Never smoker 33.7(166)  50.8(250) 15.5 (76) 33.7(28.4,39.4)  51.2(44.7,57.7)  15.0(11.3,19.8)
Former smoker 41.9 (70) 40.9 (70) 18.2 (31) 44.6 (36.2,53.4) 38.8(30.5, 47.7) 16.5 (10.6, 24.8)
Current smoker 30.5 (25) 52.4 (43) 17.1 (14) 36.2(20.9,55.1)  49.9(36.2, 63.5) 13.8 (5.6, 30.1)
Alcohol consumption
(Consumed alcohol within past 12
months)
Yes 51.0 (77) 41.7 (63) 7.3(11) 52.8 (43.5, 61.9) 41.0(33.3,49.1) 6.1(3.1,11.5)
No 31.0(184) 50.5 (300) 18.5(110) 32.2(28.0,36.7) 50.3 (45.0, 55.6) 17.4 (13.8, 21.7)
Weekly protein (animal and plant)
intake
Low 27.1(72) 53.0(141) 19.9 (53) 27.9(21.8, 34.9) 53.6 (44.9, 62.0) 18.4 (12.9, 25.5)
Moderate 36.6 (86) 48.5 (114) 14.9 (35) 38.9 (29.7, 49.0) 46.4 (36.0, 57.2) 14.5 (9.2, 22.0)
High 42.0(102) 44.4 (108) 13.6 (33) 43.5(35.1,52.3) 44.3 (35.8,53.2) 12.0(8.1,17.4)
Weekly animal protein intake
Low 31.4 (82) 51.7 (135) 16.9 (44) 33.1(27.0, 39.8) 51.6 (41.7, 61.3) 15.2 (9.6, 23.3)
Moderate 34.3 (106) 46.9 (145) 18.8 (58) 35.7 (30.6, 41.2) 46.0 (40.1,51.9) 18.2 (13.4, 24.2)
High 41.4 (72) 47.7 (83) 10.9 (19) 41.8 (31.2,53.3) 48.3 (37.8,58.9) 9.8 (6.3, 14.8)
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Table 6.10 continued. Prevalence of frailty status across lifestyle factors

Lifestyle factors

Unweighted sample, %, (N)

Prevalence (95% Cl) in weighted sample, %

Non-frail Pre-frail Frail Non-frail Pre-frail Frail
Weekly plant protein intake
Low 30.8 (90) 50.7 (148) 18.5 (54) 32.1(25.7,39.2) 50.4 (42.4, 58.5) 17.3(12.6, 23.4)
Moderate 33.6 (78) 49.6 (115) 16.8 (39) 35.5(26.6,45.4)  48.5(37.8,59.3)  15.9(11.2,22.0)
High 42.1(93) 45.2 (100) 12.7 (28) 43.1(34.7,52.0) 45.5 (37.5, 53.7) 11.3 (6.9, 17.9)
Weekly vegetable intake
Low 30.3 (76) 46.2 (116) 23.5(59) 31.1(23.4,40.1)  46.8(39.2,54.6)  21.9(16.8,28.0)
Moderate 34.5 (85) 49.2 (121) 16.3 (40) 36.5(27.7, 46.3) 47.8 (38.3, 57.5) 15.5(10.2, 22.9)
High 40.3 (100) 50.8 (126) 8.9(22) 41.2 (33.5, 49.4) 50.8 (43.4, 58.1) 7.8 (4.3,13.8)
Weekly fruit intake
Low 30.7 (85) 51.6(143) 17.7 (49) 33.8(27.3,41.0) 50.0 (42.0, 57.9) 16.1(11.7, 21.6)
Moderate 36.0 (81) 48.9 (110) 15.1(34) 36.6 (29.3, 44.7) 49.3 (41.9, 56.7) 13.9(8.8,21.4)
High 39.1 (95) 45.3 (110) 15.6 (38) 38.8 (30.4, 48.0) 45.7 (37.3, 54.4) 15.3(10.9, 21.0)

Figures are row percentages.
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6.11 Lifestyle factors associated with frailty and pre-frailty

Table 6.11 (page 284) presents the results from the unadjusted, ‘age-and sex’-
adjusted, and multivariable-adjusted multinomial logistic regression models for

lifestyle factors.

Frailty versus non-frail

In ‘age-and sex’-adjusted models, those who reported to have consumed alcohol
within the past 12 months (compared with those who did not) had three quarters
lower relative risk of being frail compared with being non-frail. In contrast, the
relative risk of being frail compared with being non-frail increased in those in the
‘low’ tertile of weekly protein (both plant and animal), plant protein, and

vegetable intake compared with those in the respective ‘high’ tertile.

In the multivariable-adjusted model, the relative risk of being frail was four-fifths
lower for those who reported to have consumed alcohol within the past 12
months compared with those who did not consume any alcohol. Conversely, the
relative risk of being frail compared with being non-frail was 2.8 times higher for
older adults who were in the ‘low’ tertile of weekly vegetable intake compared

with those in the ‘high’ tertile.
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Pre-frailty versus non-frail

In ‘age-and sex’-adjusted models, the relative risk of being pre-frail compared
with non-frail was nearly half (43.0%) lower for those who reported to have
consumed alcohol within the past 12 months compared to those who did not
consume any alcohol. The relative risk of being pre-frail compared with being non-
frail increased in those in the ‘low’ tertile of weekly protein (both plant and
animal) and in the ‘low’ tertile of plant protein intake compared to those in the

‘high’ tertiles respectively.

In the multivariable-adjusted model, the relative risk of being pre-frail compared
with non-frail was half lower for those who reported to have consumed alcohol

within the past 12 months compared to those who did not consume any alcohol.
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Table 6.11 Unadjusted, ‘age-and sex’-adjusted, and multivariable-adjusted multinomial logistic regression results: lifestyle factors

Lifestyle factor

Relative Risk Ratio (95% Cl)

Pre-frailty versus non-frail

Unadjusted

‘Age-and sex’-
adjusted

Multivariable-
adjusted*

Unadjusted

‘Age-and sex’-
adjusted

Frailty versus non-frail

Multivariable-
adjusted*

Smoking status

Current smoker

Former smoker

Never smoker

Alcohol consumption
(past 12 months)

Yes

No

Weekly protein

(animal and plant) intake
Low

Moderate

High

Weekly animal protein intake
Low

Moderate

High

0.90 (0.39, 2.07)
0.57 (0.35, 0.92)
1.00

0.49 (0.32, 0.76)
1.00

1.88 (1.16, 3.04)
1.17 (0.57, 2.38)
1.00

1.35(0.71, 2.55)
1.11(0.61, 2.00)
1.00

1.18 (0.48, 2.93)
0.67 (0.32, 1.40)
1.00

0.57 (0.34, 0.94)
1.00

1.84 (1.10, 3.07)
1.16 (0.56, 2.41)
1.00

1.18 (0.63, 2.20)
0.98 (0.52, 1.85)
1.00

1.53 (0.47, 4.94)
0.74 (0.35, 1.57)
1.00

0.51 (0.28, 0.93)
1.00

Not included in
the model

0.98 (0.46, 2.08)
0.93 (0.47, 1.82)
1.00

0.85 (0.22, 3.35)
0.82 (0.45, 1.50)
1.00

0.21 (0.09, 0.49)
1.00

2.38 (1.28, 4.42)
1.34 (0.64, 2.82)
1.00

1.96 (0.92, 4.16)
2.17 (1.02, 4.62)
1.00

1.64 (0.28, 9.43)
1.12 (0.39, 3.18)
1.00

0.24 (0.09, 0.65)
1.00

2.25 (1.10, 4.59)
1.27 (0.59, 2.71)
1.00

1.48 (0.67, 3.26)
1.63 (0.74, 3.58)
1.00

2.50 (0.22, 28.27)
1.17 (0.31, 4.44)
1.00

0.16 (0.05, 0.54)
1.00

Not included in
the model

0.75 (0.28, 1.97)
1.12 (0.41, 3.04)
1.00
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Table 6.10 continued. Unadjusted, ‘age-and sex’-adjusted, and multivariable-adjusted multinomial logistic regression results: lifestyle

factors

Lifestyle factor Relative Risk Ratio (95% Cl)

Pre-frailty versus non-frail Frailty versus non-frail

Unadjusted

‘Age-and sex’-
adjusted

Multivariable-
adjusted?

Unadjusted

‘Age-and sex’-
adjusted

Multivariable-
adjusted?

Weekly plant protein intake
Low

Moderate

High

Weekly vegetable intake
Low

Moderate

High

Weekly fruit intake

Low

Moderate

High

1.48 (1.02, 2.15)
1.29 (0.63, 2.61)
1.00

1.22 (0.70, 2.10)
1.06 (0.61, 1.83)
1.00

1.25 (0.69, 2.26)
1.14 (0.63, 2.04)
1.00

1.56 (1.05, 2.33)
1.23 (0.60, 2.52)
1.00

1.08 (0.61, 1.91)
1.03 (0.59, 1.82)
1.00

1.32 (0.71, 2.45)
1.19 (0.67, 2.10)
1.00

1.38 (0.83, 2.30)
1.24 (0.59, 2.63)
1.00

1.07 (0.62, 1.84)
1.01 (0.55, 1.83)
1.00

1.02 (0.46, 2.27)
1.12 (0.59, 2.09)
1.00

2.06 (1.04, 4.05)
1.71(0.79, 3.68)
1.00

3.68 (1.72, 7.87)
2.22(0.85, 5.82)
1.00

1.20 (0.65, 2.19)
0.96 (0.42, 2.18)
1.00

2.23 (1.02, 4.89)
1.53 (0.69, 3.38)
1.00

2.84 (1.16, 6.94)
2.06 (0.63, 6.64)
1.00

1.43 (0.69, 2.94)
1.05 (0.42, 2.58)
1.00

1.50 (0.57, 3.95)
1.19 (0.48, 2.93)
1.00

2.81(1.08, 7.27)
1.67 (0.47, 5.95)
1.00

0.71(0.28, 1.83)
0.87 (0.33, 2.26)
1.00

*adjusted for sex, age group, longest-held occupation, social support, weekly animal protein, plant protein, vegetable, and fruit intake, smoking status, and alcohol

consumption
The reference category is 1.00.

Statistically significant estimates (at the 5% level) are displayed in bold.
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These findings are discussed with existing literature in Chapter 9, Section 9.3.2

(page 323).
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Chapter 7: Results of cross-sectional association between frailty and
disability among rural community-dwelling older adults in Kegalle district of

Sri Lanka

7.1 Chapter overview

In this chapter, | present the results of my main analysis to evaluate the cross-
sectional association between frailty and disability. The assessment of frailty,
disability and statistical analysis specific to this chapter were discussed in Sections
4.7.1 (page 178), 4.7.3 (page 190), and in Section 4.8.3.2 (page 205) respectively.
First, | describe missing data relating to the analysis of this chapter followed by
prevalence of disability (presence of one or more instrumental activities of daily
living (21 IADL) and basic activities of daily living (=1 BADL) limitations separately)
in the total sample and across sociodemographic and health-related
characteristics. Next, | report the prevalence of disability and specific IADL and
BADL limitations by frailty status. Finally, the association between frailty status
and IADL limitations was assessed using a set of zero-inflated Poisson (ZIP)
regression models. The association between frailty status and BADL limitations
was not modelled due to the overwhelming concentration of BADL limitations in

the frail group (refer to Table 7.2, page 293).
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7.2 Data screening and missing values

Thirteen participants reported they had never used a telephone and nine
participants reported they had never cooked. One participant reported never
having done both. Therefore, there was missing data for 23 participants for >1
IADL items. These were subsequently excluded from the main analysis. The social
support score was missing for four participants, resulting in the exclusion of a total
of 27 (3.6%) participants from final regression analysis. There was no missing data

for the BADL items.
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7.3 Prevalence of disability across sociodemographic characteristics and

health-related factors

The prevalence of 21 IADL limitations and 21 BADL limitations was slightly higher
among males compared with females. The prevalence of 21 IADL limitations and
>1 BADL limitations was also higher across advancing age, older adults with lower
education level, long-held occupation belong to low skilled category, and with low
social support. As expected, older adults with multimorbidity (co-occurrence of
two or more chronic disease conditions), those who were taking five or more
medicines daily (the definition of polypharmacy used in the present study), those
who reported experiencing chronic pain, those with a cognitive assessment
(MoCA) score below the median score of the sample, those who were at
high/moderate risk of depression, those who reported ‘poor/fair’ self-perceived
vision, and ‘poor/fair’ hearing ability reported higher prevalence of >1 IADL
limitations and 21 BADL limitations compared with their counterparts without
these conditions (Table 7.1, page 290). The median MoCA score of older adults
with 21 IADL limitations was lower (median 16; IQR 11.5: 21) compared with

adults with no IADL limitations (median 21; IQR 18: 23).
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Table 7.1 Prevalence of disability across sociodemographic characteristics and

health- related factors

Covariate Prevalence of the limitations (95% Cl), %
21 IADL 21 BADL

Sex
Male 35.2(30.1, 40.6) 9.0 (5.9, 13.6)
Female 31.0(26.0, 36.5) 5.8 (3.6,9.3)
Age group (years)
60-64 13.6 (8.9, 20.1) 1.2 (0.2, 5.6)
65-69 21.2 (13.2, 32.0) 3.4 (1.4,8.0)
70-74 40.2 (28.4, 53.2) 5.2 (1.9, 13.3)
75-79 57.8 (43.8, 70.6) 15.7 (7.8, 29.0)
>80 85.9 (74.4,92.7) 30.1(20.0, 42.6)
Ethnicity
Sinhalese 33.0(28.6, 37.6) 7.2 (4.9, 10.5)
Other 27.5(17.4, 40.5) 6.1 (1.0, 30.0)
Marital status
Married/cohabiting 27.4 (20.9, 35.2) 6.3 (3.7,10.5)
Never- 40.7 (34.0, 47.8) 8.5 (5.5, 13.1)
married/widowed/separated/divorced
Living arrangement
Children/other family 33.3(28.9, 38.0) 7.3(5.1,10.4)
With spouse only 32.4 (20.3, 47.6) 7.9 (3.1, 18.8)
Alone 27.2 (12.9, 48.4) 4.5 (0.6, 27.5)

Social support

Poor

Moderate

Strong

Education level

No formal education/primary
Lower secondary

Upper secondary or above
Longest-held occupation
Never-employed/Skill level 1
Skill level 2

Skill level 3 or 4

Perceived financial strain

Finding it difficult/very difficult to get by

Just about getting by
Living comfortably
Multimorbidity

Yes

No

62.6 (35.1, 83.8)
35.3(24.3, 48.0)
31.1(26.3, 36.4)

49.6 (39.3, 59.9)
32.9(26.4, 40.1)
19.5 (15.5, 24.3)

40.7 (33.7, 48.2)
28.0(21.9, 35.1)
23.9(17.2,32.1)

45.2 (35.1, 55.7)
29.8 (24.8, 35.2)
29.9 (22.7, 38.2)

37.0(27.9, 47.2)
29.8 (24.7, 35.6)

16.0 (5.4, 39.1)
10.3 (5.6, 18.0)
6.1(3.7,9.7)

11.3 (6.9, 18.0)
6.8 (3.4, 12.9)
4.4(2.4,7.8)

8.3(5.3,12.8)
6.8 (3.7,12.0)
5.4 (2.6, 11.0)

9.5 (5.4, 16.3)
7.7 (4.9,11.8)
4.2 (1.4,12.2)

9.3 (5.6, 15.1)
5.7 (3.6, 9.0)




Table 7.1 continued. Prevalence of disability across sociodemographic

characteristics and health-related factors

Covariate Prevalence of the limitations (95% Cl), %
21 IADL 21 BADL
Having a chronic pain
Yes 37.0(30.1, 44.5) 9.3 (6.0, 14.1)
No 26.3(21.4, 32.0) 4.2(2.3,7.8)

Cognitive status

<median MoCA score
>median MoCA score
Depressive status (GDS-15)

High/moderate risk
Low risk

Self-perceived vision ability

Poor/Fair

Good/Very good/Excellent

Self-perceived hearing ability

47.5(39.2, 56.1)
19.1 (15.0, 24.0)

48.6 (40.9, 56.3)
25.3 (21.5, 29.6)

42.4 (36.9, 48.0)
23.4(18.3, 29.4)

12.8 (8.4, 19.0)
1.9 (0.9, 4.3)

16.3 (11.4, 22.8)
2.6 (1.3,5.3)

10.2 (6.8, 15.1)
4.2 (2.3,7.6)

Poor/Fair 45.4 (37.2, 53.8) 10.0 (6.5, 15.0)
Good/Very good/Excellent 26.7 (21.4, 32.7) 5.9 (3.6,9.5)
Self-perceived oral health

Poor/Fair 36.7 (29.7, 44.4) 7.7 (4.5,12.7)
Good/Very good/Excellent 28.0(21.6, 35.5) 6.6 (4.2,10.4)

Self-perceived general health

Poor/Fair

Good/Very good/Excellent

41.5 (36.0, 47.3)
21.7 (16.3, 28.3)

10.5 (7.1, 15.2)
2.9 (1.5, 5.4)
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7.4  Prevalence of disability and specific IADL and BADL limitations by frailty

status

Approximately one-in-three older adults had =1 IADL limitations and less than
one-in-ten had 21 BADL limitations (the prevalence of 21 IADL limitations and 21
BADL limitations in the total sample was 32.8% (95% Cl: 28.7%, 37.2%) and 7.2%
(95% ClI: 5.0%, 10.4%) respectively). Of the frail participants, 84.4% (95% Cl: 68.9%,
93.0%) and 38.7% (95% Cl: 26.1%, 53.1%) reported =1 IADL limitations and 21
BADL limitations respectively. Approximately two thirds of frail older adults had
limitations in physical IADLs like shopping and food preparation. In comparison,
nearly half of frail participants had limitations in managing their own medication.
Limitations in physical IADLs were more prevalent compared with those for
cognitive IADL limitations among frail older adults (Table 7.2, page 293).
Prevalence of total number of IADL and BADL limitations in the total sample and

by frailty status is presented in the Appendix 19 (page 480).

292



Table 7.2 Prevalence of disability and specific IADL and BADL limitations in the

total sample and by frailty status

Limitations in
IADL/BADL

Prevalence across total sample and by frailty status (95% Cl), %

All

Non-frail

Pre-frail

Frail

Self-reported disability

>1 IADL limitations
>1 Physical IADL
limitations

21 Cognitive IADL
limitations

>1 BADL limitations

32.8(28.7,37.2)
27.0(23.7, 30.6)

18.6 (15.1, 22.7)

7.2 (5.0, 10.4)

Specific limitations in IADL

Physical IADL
Shopping

Food preparation
Mode of
transportation
Housekeeping
Laundry
Cognitive IADL
Responsibility of own
medication
Ability to use
telephone

Ability to handle
finances

19.6 (16.6, 23.1)
18.1 (14.9, 22.0)
7.3 (5.1, 10.5)

4.8(3.1,7.4)
4.5(2.5,7.7)

11.7 (9.1, 15.0)

9.5(7.1, 12.5)

7.4 (5.1, 10.6)

Specific limitations in BADL

Feeding
Bathing
Dressing
Toilet use
Grooming
Transfers
Stairs
Mobility
Bladder
Bowels

4.2(2.5,6.9)
3.7(2.4,5.7)
3.5(1.6,7.7)
3.1(1.6,5.7)
2.4(1.2,4.8)
2.4 (1.2, 4.9)
2.1(1.0,4.3)
1.5 (0.4, 5.0)
0.5(0.1,2.2)
0.4 (0.0, 3.1)

13.4 (9.3, 18.9)
11.1(7.1,17.2)

4.7 (2.5,8.7)

0.0

4.1(1.6,9.7)
8.2 (4.9, 13.4)
0.0

0.0
0.4 (0.0, 5.2)

1.7 (0.5, 5.2)

3.2(1.4,7.6)

0.5 (0.0, 5.5)

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

31.4(26.0, 37.3)
22.3(17.9, 27.4)

15.1 (10.8, 20.8)

2.7(1.1,6.2)

16.1 (12.4, 20.7)
11.9 (8.8, 15.9)
3.2(1.2,8.3)

1.0 (0.3, 3.3)
0.7 (0.2, 2.7)

8.3(5.5,12.2)

7.6 (4.5, 12.5)

3.7(1.6,7.9)

0.7 (0.1, 3.4)
0.7 (0.1, 4.7)
0.3(0.0, 3.9)
0.2 (0.0, 2.4)
0.5(0.1, 2.0)
0.5 (0.0, 6.0)
0.4 (0.1, 3.3)
0.0
0.1(0.0, 1.5)
0.0

84.4 (68.9, 93.0)
79.8 (66.9, 88.6)

62.5 (44.2, 77.9)

38.7 (26.1, 53.1)

67.9 (55.6, 78.1)
61.7 (49.7, 72.4)
37.8(26.3, 50.8)

28.1(19.9, 38.2)
26.0 (14.7, 41.8)

46.6 (32.8, 60.9)

30.5 (18.7, 45.5)

35.7 (22.4, 51.6)

25.1(15.1, 38.8)
22.0(14.7, 31.6)
22.1(9.8, 42.4)
19.4 (10.2, 33.8)
14.4 (7.3, 26.4)
14.3 (6.5, 28.7)
12.4 (6.0, 23.9)
9.8 (3.0, 27.7)
2.8(0.5,13.3)
2.3(0.3,17.5)

0.0-no observations
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7.5 Overlap of frailty, physical IADL limitations, and cognitive IADL

limitations

Based on unweighted data, 36.6% (264/722) of all participants were either frail or
had >1 physical or 21 cognitive IADLs. Figure 7.1 (page 295) is a Venn diagram
which shows the overlaps between frailty, physical IADL limitations, and cognitive
IADL limitations in the unweighted sample. In the overall sample, only 9.3%
(67/722) of older adults were frail and had both >1 physical and >1 cognitive IADL
limitations. 20.6% (149/722) of the overall sample reported to have either >1
physical or >1 cognitive IADL limitations but were not classed as being frail.
However, among the frail participants (shown by the red circle in Figure 7.1),
58.3% (67/115) reported both >1 physical and 21 cognitive IADL limitations. Figure
7.2 (page 295) clearly illustrates all other overlaps observed in the present study

sample.
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Figure 7.1 Venn diagram illustrating the overlap of frailty, physical IADL

limitations, and cognitive IADL limitations

Total=722
Cognitive IADL limitations 21=142

PAEAN

Frailty=115

Physical IADL limitations 21=205

Frailty Cognitive IADL limitations

Physical IADL limitations w— Total Population

Physical IADL tasks: shopping, food preparation, mode of transportation, housekeeping, laundry
Cognitive IADL tasks: responsibility of own medication, ability to use telephone, ability to handle
finances

Figure 7.2 Stacked bar chart illustrating the overlap of frailty, physical IADL

limitations, and cognitive IADL limitations

20 40 60 80 100
percent

o

I ncither frail nor any cognitive or physical limitations (n=458)
I frail only (n=16)
I ohysical IADL limitations only (n=81)
[ cognitive IADL limitations only (n=36)
I frail and physical IADL limitations (n=25)
I frail and cognitive IADL limitations (n=7)
[ physical and cognitive IADL limitations (n=32)
frail and cognitive and physical IADL limitations (n=67)

Physical IADL tasks: shopping, food preparation, mode of transportation, housekeeping, laundry
Cognitive IADL tasks: responsibility of own medication, ability to use telephone, ability to handle
finances
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7.6 Overlap of frailty and BADL limitations

Based on unweighted data, 17.7% (132/745) of all participants were either frail or
had >1 BADL limitations. Figure 7.3 (page 296) illustrates the overlap between
frailty and BADL limitations in the unweighted sample. In the overall sample, only
6.8% (51/745) of older adults were frail and had >1 BADL limitations. Of frail
participants, 42.1% (51/121) reported =1 BADL limitations. In contrast, among the
participants who reported >1 BADL limitations, the majority (82.3%, 51/62) were
frail. Only 1.5% (11/745) of older adults reported =1 BADL limitations but were
not classed as being frail. | further explored the BADL limitation patterns of these
11 participants who were not frail. Of them 9 reported one limitation whilst one
each reported two and three limitations. Appendix 20 (page 481) presents the

distribution of BADL limitations among these 11 participants.

Figure 7.3 Venn diagram illustrating the overlap of frailty and BADL limitations

Total=745
BADL limitations 21=62
Frailty=121
11
— ity BADL limitations
Total Population

BADL tasks: feeding, bathing, dressing, toilet use, grooming, transfers, stairs, mobility, bladder,
bowels
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7.7 Association between frailty status and IADL limitations

The association between frailty and the number of IADL limitations in unadjusted,
‘age-and sex’-adjusted, and multivariable-adjusted ZIP regression models
adjusted for different covariates at each stage is presented in Table 7.3 (page
298). ZIP models were discussed in Section 4.8.3.2 (page 205). In the logistic
regression section of the model, being frail as opposed to being non-frail
significantly decreased the odds of having no IADL limitations. In the Poisson
regression section of the model, being frail as opposed to being non-frail
increased the estimated count of IADL limitations by four times. However, the
strength of the association gradually attenuated with the addition of covariates. |
did not find any statistically significant association (in both parts of the ZIP model)

with pre-frailty (versus non-frail) and IADL limitations (Table 7.3, page 298).
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Table 7.3 Association between frailty, pre-frailty and IADL limitations: Unadjusted, ‘age-and sex’-adjusted, and multivariable-adjusted ZIP

regression results

Models

Logistic section, OR (95% Cl)"

Frailty

Pre-frailty

Poisson section, RR (95% Cl)*

Frailty

Pre-frailty

Model 1: Unadjusted

Model 2: Model 1+ Age and sex

Model 3: Model 2+ Longest-held occupation
Model 4: Model 3+ Social support

Model 5: Model 4+ Multimorbidity

Model 6: Model 5+ Self-perceived vision ability
Model 7: Model 6+ Self-perceived hearing ability

0.06 (0.02, 0.24)
0.10 (0.02, 0.47)
0.11 (0.02, 0.56)
0.13 (0.02, 0.79)
0.12 (0.02, 0.69)
0.11 (0.02, 0.68)
0.11 (0.02, 0.59)

0.47 (0.18, 1.21)
0.44 (0.15, 1.31)
0.46 (0.16, 1.32)
0.49 (0.15, 1.63)
0.44 (0.14, 1.40)
0.34(0.05, 2.25)
0.33 (0.06, 1.84)

5.93 (2.99, 11.75)
3.92 (2.21, 6.95)
3.94 (2.11, 7.36)
4.35(2.31, 8.22)
4.21(2.26, 7.83)
4.13 (2.25, 7.59)
4.16 (2.27, 7.60)

1.81(0.87, 3.74)
1.29 (0.73, 2.30)
1.30 (0.70, 2.43)
1.36 (0.73, 2.53)
1.30(0.71, 2.39)
1.22 (0.68, 2.20)
1.21(0.67, 2.16)

Logistic section of the regression model estimates the log-odds of belonging to the ‘sure-zero’/‘not-at-risk’ class.

*Poisson section of the regression model estimates the count of IADL limitations for those estimated to belong to the ‘non-sure zero’/‘at risk’ latent class.

OR: Odds Ratio; RR: Rate Ratio

Statistically significant estimates (at the 5% level) are displayed in bold.
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Table 7.4 (page 300) presents complete results of the final multivariable ZIP model
(Model 7 in Table 7.3, page 298). According to the results of the logistic section of
the regression model, frail older adults and those aged >80 years had lower
estimated odds of being in the ‘sure zero’/ ‘not-at-risk’ latent class (versus those
non-frail and those aged 60-64 respectively). In contrast, being female and the
longest-held occupation belonging to skill level 3 or 4 (highest skill occupations)
increased the odds of being in the ‘sure zero’ group (Table 7.4, page 300). The
estimated odds of reporting no IADL limitations (i.e. being in the ‘sure zero’/ ‘not-
at-risk group’) were approximately 90.0% lower for frail participants compared

with their non-frail counterparts.

Among those estimated to be ‘at-risk’ (according to the results of the Poisson
section of the regression model), the estimated count of IADL limitations was four
times higher for frail as opposed to non-frail participants (RR: 4.16; 95% Cl: 2.27,
7.60). Apart from frailty status, among those estimated to be ‘at-risk’, who were
>80 years of age, with greater social support, and multimorbidity (co-occurrence
of two or more chronic disease conditions) were independently associated with a

higher count of IADL limitations.
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Table 7.4 ZIP regression results for the association between frailty status and

IADL limitations (Model 7)

Covariate Logistic section Poisson section
OR (95% CI)" RR (95% CI)*
Frailty
Non-frail 1.00 1.00
Pre-frailty 0.32 (0.06, 1.84) 1.21(0.67, 2.16)
Frailty 0.11 (0.02, 0.59) 4.16 (2.27, 7.60)
Sex
Male 1.00 1.00
Female 6.17 (1.31, 29.40) 1.02 (0.69, 1.50)
Age group (years)
60-64 1.00 1.00
65-69 1.88 (0.23, 15.80) 1.88(0.71, 4.96)
70-74 0.62 (0.08, 4.85) 2.22(0.78, 6.32)
75-79 0.24 (0.02, 2.66) 2.26 (0.91, 5.60)
>80 0.05 (0.00, 0.79) 3.44 (1.31,9.02)

Longest-held occupation
Never-employed/Skill level 1
Skill level 2
Skill level 3 or 4
Social support
Poor/Moderate
Strong
Multimorbidity
None or one
>Two
Self-perceived vision ability
Poor/Fair
Good/Very good/Excellent
Self-perceived hearing ability
Poor/Fair
Good/Very good/Excellent

1.00
4.34(0.89, 21.33)
6.42 (1.34, 30.57)

1.00
5.81 (0.45, 74.44)

1.00
1.49 (0.45, 4.95)

1.00
3.03 (0.61, 15.49)

1.00
0.76 (0.16, 3.71)

1.00
1.04 (0.69, 1.57)
1.37(0.97, 1.93)

1.00
1.38 (1.08, 1.78)

1.00
1.37 (1.03, 1.83)

1.00
1.11 (0.76, 1.63)

1.00
0.88(0.71, 1.10)

Logistic section of the regression model estimates the log-odds of belonging to the ‘sure-
zero’/‘not-at-risk’ class.

*Poisson section of the regression model estimates the count of IADL limitations for those
estimated to belong to the ‘non-sure zero’/‘at risk’ latent class.

OR: Odds Ratio; RR: Rate Ratio; the reference category is 1.00.

Statistically significant estimates (at the 5% level) are displayed in bold.

These findings are discussed with existing literature in Chapter 9, Section 9.3.3

(page 340).
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Chapter 8: Results of cross-sectional association between frailty and
quality of life among rural community-dwelling older adults in Kegalle

district of Sri Lanka

8.1 Chapter overview

In this chapter, | present the results of my analyses evaluating the cross-sectional
association between frailty and quality of life among rural community-dwelling
older adults in Kegalle district in Sri Lanka. The assessment of frailty, quality of life,
and statistical analysis specific to this chapter were discussed in Sections 4.7.1
(page 178), 4.7.4 (page 194), and in Section 4.8.3.3 (page 206) respectively. First,
| outline the missing data pertaining to the analysis of this chapter. Second, |
describe the sociodemographic and health-related characteristics of the study
sample by total quality of life score (OPQOL-35) tertiles. Next, | describe the
distribution of total and domain-specific QoL scores according to frailty status.
Finally, the association between frailty status and total and domain-specific QoL
is evaluated using unadjusted, ‘age-and sex’-adjusted, and multivariable-adjusted
linear regression models. The findings of this chapter have been published as a
peer-reviewed journal article by Siriwardhana et al in Quality of Life Research

journal in 2019.36®
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8.2 Data screening and missing values

A total of seven participants had missing data on the total QoL score. This was due
to the fact that there was missing data for one or more domain-specific QoL scores
and therefore overall QoL could not be calculated. Of all covariates, chronic pain
was missing for seven participants and social support score was missing for four
participants. This resulted exclusion of 17 (2.3%) participants from the final

regression analysis.
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8.3 Frailty status, sociodemographic characteristics, and health-related

factors of the overall sample by OPQOL-35 score tertiles

Three quarters (75.0%) of frail older adults were in the ‘low’ QoL tertile. 47.5% of
participants in the non-frail group were in the ‘high’ QoL tertile compared with
9.6% of participants in the frail group. A higher proportion of females were in the
‘low” QoL tertile compared with males (37.7% and 29.1% respectively). 82.4% of
older adults in the ‘poor’ social support category were in the ‘low’ QoL tertile.
43.6% of the older adults who had never employed or who had engaged in
longest-held occupations belonging to Skill level 1 (lowest skill level) were in the
‘low’ QoL tertile. The majority of the older adults who were classed as
multimorbid (co-occurrence of two or more chronic disease conditions), taking
five or more medicines daily (polypharmacy), experiencing chronic pain, had a
cognitive assessment (MoCA) score below the median score of the sample, at
higher risk of depression, reported being ‘poor’/“fair’ in the following items: self-
reported vision ability, self-reported hearing ability, oral health, and self-reported

general health were in the ‘low’ QoL tertile (Table 8.1, page 304).
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Table 8.1 Frailty status, sociodemographic characteristics, and health-related

factors of the overall sample and by OPQOL-35 score tertiles

Covariate Weighted percentage (%)
(OPQOL-35 score tertiles)
Low Intermediate High
(76-127) (128-139) (140-171)

Frailty status
Non-frail 115 41.0 47.5
Pre-frail 37.7 324 29.9
Frail 75.8 14.6 9.6
Sex
Male 29.1 34.3 36.6
Female 37.7 31.7 30.6
Age category (years)
60-64 23.1 37.0 39.9
65-69 26.8 37.4 35.8
70-74 44.5 28.2 27.3
75-79 55.5 24.8 19.7
280 48.1 24.0 27.9
Ethnicity
Sinhalese 34.0 32.8 33.2
Other 33.2 34.0 32.8
Marital status
Married/cohabiting 29.1 341 36.8
Never-married/widowed/separated/ 41.3 31.0 27.7
Divorced
Living arrangement
Children/other family 33.1 33.1 33.8
With spouse only 29.0 33.8 37.2
Alone 53.3 28.5 18.2
Social support
Poor 82.4 15.3 2.3
Moderate 58.1 233 18.6
Strong 26.4 35.6 38.0
Education level
No formal education/primary 48.3 33.2 18.5
Lower secondary 34.3 37.7 28.0
Upper secondary or above 22.1 27.8 50.1
Longest-held occupation
Never-employed/Skill level 1 43.6 32.7 23.7
Skill level 2 314 38.0 30.6
Skill level 3 or 4 15.7 22.0 62.3
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Table 8.1 continued. Frailty status, sociodemographic characteristics, and health-

related factors of the overall sample and by OPQOL-35 score tertiles

Covariate Weighted percentage (%)
(OPQOL-35 score tertiles)
Low Intermediate High
(76-127) (128-139) (140-171)

Perceived financial strain
Finding it difficult/very difficult to get by 59.4 29.6 11.0
Just about getting by 325 37.2 30.3
Living comfortably 16.7 25.7 57.6
Multimorbidity
Yes 39.3 36.5 24.2
No 30.2 30.3 39.5
Polypharmacy
Yes (=5 medicines) 47.5 31.2 21.3
No (<5 medicines) 29.8 33.3 36.9
Having a chronic pain
Yes 44.8 34.7 20.5
No 19.0 30.6 50.4
Cognitive status
< Median MoCA score 48.7 29.8 21.5
> Median MoCA score 20.1 35.7 44.2
Depressive status (GDS-15)
High/moderate risk 68.2 20.7 11.1
Low risk 17.6 38.7 43.7
Self-perceived vision ability
Poor/Fair 44.8 30.2 25.0
Good/Very good/Excellent 23.2 35.5 41.3
Self-perceived hearing ability
Poor/Fair 42.7 29.3 28.0
Good/Very good/Excellent 29.7 34.6 35.7
Self-perceived oral health
Poor/Fair 38.8 32.8 28.4
Good/Very good/Excellent 28.0 32.7 39.3
Self-perceived general health
Poor/Fair 46.6 32.0 21.4
Good/Very good/Excellent 17.4 33.8 48.8

Figures are row percentages.
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8.4 Distribution of total and domain-specific quality of life scores according

to frailty status

Figure 8.1 (below) illustrates the distribution of the total QoL score according to
frailty status. The median QoL score decreased across the frailty spectrum. The
unadjusted means (SE) of the total QoL score for the non-frail, pre-frail, and frail
groups were 139.2 (0.64), 131.8 (1.04), and 119.2 (1.35) respectively (Table 8.2,

page 308).

Figure 8.1 Distribution of total OPQOL-35 score according to frailty status
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Participants in the frail group had on average a lower total QoL score compared
with their pre-frail and non-frail counterparts (Table 8.2, page 308). According to
this unadjusted mean comparison, all domains were associated with frailty except

‘social relationships and participation’ and ‘home and neighbourhood’.
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Appendix 21 (page 482) reports the distribution of domain-specific QoL scores

according to frailty status.

Table 8.2 Unadjusted mean comparison of total and domain-specific raw QoL

scores according to frailty status

Domain Weighted mean (SE) p-value*
Non-frail Pre-frail Frail

Total OPQOL-35 score 139.2 (0.64) 131.8(1.04) 119.2(1.35) <0.001
(score 35-175)
Life overall (score 4-20) 15.2(0.18) 14.3(0.12) 12.9(0.22) 0.007
Health (score 4-20) 15.4(0.19) 13.1(0.18) 8.4 (0.29) <0.001
Social relationships and 21.2(0.15) 21.1(0.16) 21.0(0.26) 0.777
participation (score 5-25)
Independence, control over life 15.7(0.12) 14.4(0.17) 11.4(0.24) <0.001
and freedom (score 4-20)
Home and neighbourhood 16.4(0.20) 16.1(0.18) 15.8(0.21) 0.252
(score 4-20)
Psychological and emotional 16.5(0.12) 16.1(0.14) 15.1(0.18) 0.005
wellbeing (score 4-20)
Financial circumstances 13.5(0.21) 12.1(0.32) 11.3(0.42) 0.010
(score 4-20)
Leisure activities and religion 25.0(0.16) 24.5(0.16) 23.2(0.33) 0.018

(score 6-30)

*p-values for mean difference calculated using Wald tests adjusted for complex sampling design.

Note: Table was taken from a published paper by Siriwardhana et al’®,
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Figure 8.2 (below) shows unadjusted domain-specific standardised mean scores

by frailty status (Section 4.8.3.3, page 206).

Figure 8.2 Unadjusted domain-specific standardised mean scores by frailty status
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Note: Figure was taken from a published paper by Siriwardhana et al’®e.
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8.5 Part 1: association between frailty status and total quality of life

Table 8.3 (page 311) presents the association between frailty and pre-frailty
(versus non-frail) with the total QoL score in unadjusted, ‘age-and sex’-adjusted,
and multivariable linear regression models adjusted for different covariates at
each stage. In the unadjusted model, the estimated mean difference of the QoL
score between older adults in the frail and non-frail groups was -20.0 (95% Cl: -
23.3,-16.7) points. This was an 11.4% reduction from the maximum possible score
of the scale (175). However, the mean difference in QoL scores gradually
attenuated with the addition of other covariates that were associated with both
frailty and QoL. The final model showed an significant association of frailty with
total QoL after adjusting for other sociodemographic covariates, multimorbidity,
chronic pain, cognitive assessment score, and self-perceived vision and hearing
ability. The estimated reduction in the total QoL score between older adults in the
frail and non-frail groups was -12.7 (95% Cl: -16.3, -9.0) points; a 7.3% reduction
from the maximum possible score. Similarly, there was a small but significant
association between pre-frailty and total QoL in the final multivariable model. The
estimated reduction in the total QoL score between older adults in the pre-frail
and non-frail groups was -3.7 (95% Cl: -6.4, -1.1) points, a 2.1% reduction from the
maximum possible score (175). The full results of the final multivariable model

(model 7 in Table 8.3, page 311) is presented in Table 8.4 (page 312).
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Table 8.3 Multivariable linear regression models: association between frailty and

pre-frailty and total quality of life

Model Coefficient (95% Cl) R? (%)

Frailty Pre-frailty
Model 1: Unadjusted -20.0(-23.3,-16.7)  -7.4(-10.0, -4.8) 20.3
Model 2: Model 1+ Age and sex -19.8 (-23.3, -16.3) -6.9 (-9.5, -4.4) 21.5
Model 3: Model 2+ Longest-held -18.0(-21.9,-14.1) -6.3 (-8.7,-3.9) 26.3

occupation
Model 4: Model 3+ Social support -16.0 (-20.0, -12.1) -5.3(-7.9, -2.6) 33.6
Model 5: Model 4+ Multimorbidity, -14.5(-18.1, -10.9) -4.5 (-7.3,-1.8) 37.0

chronic pain

Model 6: Model 5+ Cognitive -12.9(-16.4,-9.5)  -3.9(-6.4,-1.3) 39.1
assessment score

Model 7: Model 6+ Perceived -12.7 (-16.3, -9.0) -3.7(-6.4,-1.1) 39.3

vision and hearing ability

Coefficients represent the estimated mean difference in total QoL score between frailty and non-
frail, and between pre-frailty and non-frail.

Note: Table was taken from a published paper by Siriwardhana et al%e,

Apart from frailty and pre-frailty, ‘poor’ and ‘moderate’ social support, and
experiencing chronic pain were significantly associated with lower Qol. In
contrast, the longest-held occupation that belonging to Skill level 3 or 4 (higher
skill occupations) and increased cognitive assessment score were associated with

increased QoL Table 8.4 (page 312).
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Table 8.4 Linear regression results for the association between frailty status and

total QoL (Model 7)

Covariate Coefficient (95% Cl)
Frailty status
Non-frail 0.0
Pre-frail -3.7(-6.4,-1.1)
Frail -12.7 (-16.3, -9.0)
Sex
Male 0.0
Female 1.1(-1.3,3.4)
Age category (years)
60-64 0.0
65-69 0.5(-2.1,3.2)
70-74 -0.8 (-5.6, 3.9)
75-79 -0.8(-4.2,2.7)
>80 3.4(-1.9, 8.8)
Social support
Poor -13.1(-19.9, -6.4)
Moderate -8.4 (-11.7,-5.1)
Strong 0.0
Longest-held occupation
Never-employed/Skill level 1 0.0
Skill level 2 0.7 (-1.9, 3.4)
Skill level 3 or 4 4.7 (0.4, 9.0)
Multimorbidity
No 0.0
Yes -1.4 (-3.6,0.7)
Chronic pain
No 0.0
Yes -5.3(-7.8, -2.8)
Cognitive assessment score (MoCA) 0.5 (0.2, 0.8)
Self-perceived vision ability
Poor/Fair 0.0
Good/Very good/Excellent 1.6(-1.4,4.7)
Self-perceived hearing ability
Poor/Fair 0.0
Good/Very good/Excellent 0.1(-2.3,2.6)

The reference category is 0.0.

Statistically significant estimates (at the 5% level) are displayed in bold.
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8.6 Part 2: association between frailty status and domain-specific quality of

life

After adjusting for covariates in the final multivariable model in the main analysis
(model 7 in Table 8.3 (page 311), coefficients shown in Table 8.4, page 312), the
estimated mean difference was significantly lower for older adults in the frail
group versus those in the non-frail group in the ‘health’; ‘independence, control
over life and freedom’; ‘life overall’; ‘leisure activities and religion’; and
‘psychological and emotional wellbeing’ domains. Likewise, the estimated mean
difference were lower for older adults in the pre-frail group versus those in the
non-frail group in the ‘health’; ‘financial circumstances’; and ‘independence,

control over life and freedom’ domains (Table 8.5, page 314).

Of the five QoL domains significantly associated with frailty, the ‘health’ and
‘independence, control over life and freedom’ domains appeared to have the
largest reduction in sub-scale score. In the multivariable model, the estimated
mean difference in the ‘health’ domain score between participants in the frail and
non-frail groups was -5.4 (95% Cl: -6.2, -4.5) points (27.0% reduction in maximum
possible sub-scale score (20)). | performed sensitivity analyses excluding the
qguestion “I have a lot of physical energy” from the ‘health’ domain as it was highly
related to the self-reported exhaustion component of the Fried phenotype frailty
assessment. This did not change the reduction in the health domain sub-scale

score.
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Table 8.5 Domains of quality of life associated with frailty and pre-frailty

Model

Coefficient (95% Cl)"

Frailty

Pre-frailty

R* (%)

Health

Independence, control over
life and freedom

Financial circumstances

Life overall

Psychological and emotional
wellbeing

Home and neighbourhood
Leisure activities and religion
Social relationships and
participation

-5.36 (-6.19, -4.54)
-2.93 (-3.72, -2.14)

-0.96 (-1.95, 0.03)
-1.39 (-2.14, -0.63)
-0.97 (-1.56, -0.38)

-0.17 (-0.86, 0.52)
-1.09 (-1.99, -0.19)
0.38(-0.42,1.17)

-1.43 (-1.98, -0.88)
-0.64 (-1.15, -0.13)

-0.83 (-1.52, -0.13)
-0.43 (-0.95, 0.07)
-0.16 (-0.62, 0.28)

-0.01 (-0.57, 0.54)
-0.18 (-0.63, 0.27)
0.18 (-0.40, 0.77)

49.1
40.1

25.2
20.0
14.3

10.9
10.6
10.0

TResults of eight different linear regression models each adjusted for sex, age group, longest-held
occupation, social support category, multimorbidity, chronic pain, cognitive assessment (MoCA)
score, self-perceived vision ability, and self-perceived hearing ability
Coefficients represent the estimated mean difference in QoL score between frailty and non-frail,
and between pre-frailty and non-frail.
Statistically significant estimates (at the 5% level) are displayed in bold.

Note: Table was taken from a published paper by Siriwardhana et al%e,

These findings are discussed with existing literature in Chapter 9, Section 9.3.4

(page 343).
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Chapter 9: Discussion

9.1 Chapter overview

In this final chapter of my thesis, | present a summary of my findings, discuss them
with reference to the existing literature and provide a detailed description of the
strengths and limitations of my PhD. Finally, | consider the potential public health
and policy implications and scope for future research, and present the conclusions

of my PhD.
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9.2 Summary of findings

9.2.1 Systematic review and meta-analysis

The systematic review and meta-analysis of the prevalence of frailty and pre-
frailty in LMICs included 56 studies. The majority (40 studies) were from Latin
American and Caribbean countries and 24 studies were from Brazil. Of 12 studies
that included Asian countries, eight were from mainland China and two each were
from Malaysia and India. Only one study was found from African region-Tanzania;
this was the only study found from countries with low-income economies (USS
1,005 or less) according to World Bank Classification, 2017 (based on 2016
data)®. Of countries with lower-middle-income economies (USS 1,006 to USS
3,955) two studies were found and both were from India. All the other studies
have been conducted in countries with upper middle-income economies (USS
3,956 to USS 12,235)'8, No study was conducted in Sri Lanka-a lower middle-

income country with GNI per capita of USS 3,790 in 2016.

Based on the present meta-analysis (Chapter 3: Section 3.5.2.2, page 123), the
random-effects pooled prevalence of frailty and pre-frailty in community-dwelling
older adults in LMICs from correspondingly 69 prevalence estimates (47 studies)
and 54 prevalence estimates (42 studies) were 17.4% (95% Cl: 14.4%, 20.7%) and
49.3% (95% Cl: 46.4%, 52.2%) respectively.'’® As shown in Chapter 3, Section
3.5.2.3 (page 128), use of different frailty assessment methods makes it difficult
to exactly compare the prevalence of frailty between studies. In my subgroup

analysis with studies conducted in middle-income countries only and with frailty
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assessed with a single method; Fried phenotype-weakness and slowness assessed
using objective tests, the pooled prevalence of frailty and pre-frailty was
estimated as 12.3% (95% Cl: 10.4%, 14.4%) and 55.3% (95% Cl: 52.0%, 58.6%)

respectively.

Among the studies covered in the present meta-analyses, frailty was significantly
higher in females compared with males and as expected increased with age. The
pooled prevalence of pre-frailty was at around half of the participants in included
studies and only slightly increased across all age groups. Both the prevalence of
frailty and pre-frailty appeared significantly higher in community-dwelling older
adults in upper middle-income countries compared with high-income countries.
The wide variation in prevalence levels across studies included in the present
meta-analysis appeared to be largely explained by the differences in frailty
assessment method and the geographic region with higher levels of prevalence
found using the Edmonton Frail Scale and higher levels in the Latin America and

the Caribbean region.

In summary, very little research was found on the basic epidemiology of frailty in
LMICs. Furthermore little is known on patterns of frailty in WHO South-East Asia

and no studies prior to mine had been undertaken in Sri Lanka.
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9.2.2 Population-based cross-sectional study in Kegalle district of Sri Lanka

To address this research gap, | undertook a population-based cross-sectional
study in 2016 with older adults (aged =60 years) living in rural areas in Kegalle
district of Sri Lanka, a predominantly rural area which includes 4.1% of the Sri
Lankan population. Using the data collected by this study, | estimated the
prevalence of frailty (using the Fried phenotype) and its five components, and the
prevalence of frailty across sociodemographic, health, and lifestyle factors and
associated sociodemographic, health, and lifestyle characteristics with frailty and
pre-frailty. | further explored the potential impact of frailty by examining the

cross-sectional associations of frailty with disability and with quality of life.

9.2.2.1 Epidemiology of frailty

Based on my own data, the prevalence of frailty (having three or more
components) and pre-frailty (having one or two components) among rural
community-dwelling older adults aged 260 years in Kegalle district in Sri Lanka in
2016 was estimated as 15.2% (95% Cl: 12.3%, 18.6%) and 48.5% (95% Cl: 43.8%,
53.2%) respectively. The prevalence of frailty in the 60-64 years age group was
3.8% (95% Cl: 1.7%, 7.9%). Nearly half of those aged >80 years were frail. The most
prevalent frailty component in the overall sample was self-reported exhaustion
(37.5%) followed by weakness (23.6%), slowness (19.6%), low physical activity

(19.2%), and low BMI (18.2%).
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Multivariable-adjusted multinomial logistic regression models were fitted and
relative risk ratios were computed to explore the sociodemographic, health-
related, and lifestyle characteristics associated with frailty and pre-frailty (versus
being non-frail). No statistically significant association was found between sex and
being frail or pre-frail. Increasing age, having never been employed or having had
a low-skilled longest-held occupation, and those who have ‘poor’ social support
were associated with increased relative risk of being frail compared with being
non-frail. Similarly being in the lowest education level was associated with

increased relative risk of being pre-frail compared with being non-frail.

According to the multivariable-adjusted model including health-related factors,
polypharmacy (taking five or more medicines daily), lower cognitive assessment
score, and high/moderate risk of depression were associated with increased
relative risk of being frail compared with being non-frail. Only lower cognitive
assessment score and high/moderate risk of depression were significantly
associated with increased relative risk of being pre-frail compared with being non-

frail.

In the multivariable-adjusted model including lifestyle factors, consumption of
alcohol within the past 12 months (versus none) was associated with decreased
relative risk of being frail compared with being non-frail, while lower vegetable
intake was associated with increased relative risk of being frail compared with

being non-frail. Only alcohol consumption within the past 12 months (versus
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none) was associated with decreased relative risk of being pre-frail compared with

being non-frail.

9.2.2.2 Frailty and disability

In separate analyses | examined the prevalence of having 21 limitations in
instrumental activities of daily living and in basic activities of daily living (IADL and
BADL as measures of disability) according to frailty status. The prevalence of >1
IADL was high at 84.4% (95% Cl: 68.9%, 93.0%) among frail older adults. The
prevalence of 21 BADL was 38.7% (95% Cl: 26.1%, 53.1%) among frail older adults.
Over half of frail older adults (58.2%) reported both >1 physical and 21 cognitive
IADL limitations. Physical IADL limitations were more prevalent compared to
cognitive IADL limitations in the present Sri Lankan study population. Using a ZIP
regression model to separately examine the excess zeros and count values for the
number of IADL limitations, | found that being frail lowered the odds of having no
IADL limitations and was associated with a four times higher count of IADL
limitations compared with non-frail counterparts even after adjustment for
sociodemographic and health covariates. Interestingly, there was no statistically
significant association between pre-frailty and IADL limitations. | could not
empirically estimate the association between frailty and BADL limitations due to
the lack of heterogeneity in the presence of 21 BADL limitations across the frailty
groups (0.0%, 2.7%, and 38.7% for the non-frail, pre-frail, and frail groups

respectively).
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9.2.2.3 Frailty and quality of life

| examined the quality of life (QolL) scores (assessed using the 35-item Older
People’s Quality of Life Questionnaire (OPQOL-35)) according to frailty status.
Both frailty and pre-frailty were associated with lower on average QoL in the
present Sri Lankan study population, and this remained after adjustment for a
range of covariates. However, while statistically significant in the final
multivariable-adjusted model, the contribution of frailty and pre-frailty to the QoL
score was small (7.3% and 2.1% reduction respectively from the maximum
possible total score). Of the eight domains of QoL, five domains were associated
with frailty (health; independence, control over life and freedom; life overall;
psychological and emotional wellbeing; and leisure activities and religion) and
three domains (health; independence, control over life and freedom; and financial

circumstances) were associated with pre-frailty.

9.3 Study findings in the context of existing literature

9.3.1 Systematic review and meta-analysis

The pooled prevalence of frailty and pre-frailty in LMICs calculated in the present
review appears to be higher compared with the pooled estimates reported in a
review which included high-income countries (USA, Italy, Canada, France,

Australia, UK, The Netherlands, 10 European countries, and Taiwan)?!33

, a review
from Japan'’8, and a review from China including mainland China, Hong Kong,

Macao, and Taiwan published in 2019%¢’, However, the pooled prevalence of

frailty in LMICs estimated in the present review (17.4%; 95% Cl: 14.4%, 20.7%)
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was consistent with a meta-analysis reporting nearly one out of five older adults
as frail (19.6%; 95% Cl: 15.4%, 24.3%), with studies from Latin America and the
Caribbean®*. This close level of agreement was expected as the majority of the
studies (32 of 47) included in the present meta-analysis were from this region.
However, it is not possible to make exact comparisons of frailty prevalence across

the studies given the methodological heterogeneity between the studies.

The prevalence of frailty is highly dependent on the type of frailty assessment
methods used. In order to make a fair comparison between the studies mentioned
above, | estimated the pooled prevalence of frailty with 13 studies (21 estimates)
that used Fried phenotype-weakness and slowness assessed using objective tests
and restricted the analyses to participants aged 265 years. The prevalence of
frailty of this sub-sample was 12.3% (95% CI: 10.4%, 14.4%) and was still higher
compared to the weighted prevalence of frailty reported in HICs (9.9%; 95% Cl:
9.6%, 10.2%) using physical frailty assessment methods!33; in Japan (7.4%; 95% Cl:
6.1%, 9.0%) using Fried phenotype!’®; and in China (8.0%; 95% Cl: 7.0%, 9.0%)
using Fried phenotype3®®’. The findings of systematic review and meta-analysis of
the prevalence of frailty and pre-frailty in LMICs have been discussed in detail with

the existing literature in detail in Chapter 3, Section 3.6.2 (page 145).
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9.3.2 Epidemiology of frailty in rural community-dwelling older adults in

Kegalle district of Sri Lanka

9.3.2.1 Prevalence of frailty

The prevalence of frailty varied across the studies. True differences of frailty
prevalence are likely to be largely due to the differences in countries’ social,
economic, and cultural contexts. For instance, inherent differences in the sample
populations with respect to ethnicity, gender roles, lifestyles, prevalence of long
term conditions, social characteristics, and access to and the nature of healthcare
systems are likely to account for a significant proportion of heterogeneity
between studies. In addition to the true variation of frailty prevalence across
different populations and geographic settings, heterogeneity in study
methodology, particularly the use of different frailty assessment methods, study
recruitment age, sample sizes, sampling techniques, and sample composition
could also contribute to the magnitude of the prevalence estimates; making it
difficult to precisely compare findings (prevalence and empirical associations)

between the studies.

The Fried phenotype is, to date, the most commonly used method to assess
frailty.®? Nonetheless, the five phenotypic components proposed originally
(shrinking, poor endurance and energy, weakness, slowness, and low physical
activity) have been extensively operationalised with various adjustments across
studies. Modifying phenotypic components could substantially change the

prevalence estimates of frailty status and the predictive ability of the tool.®! These
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modifications are usually seen in number of areas. Please refer to Section 1.2.4.1

(page 62).

In the following section, | compare findings of the present study with all published
studies from the WHO South-East Asian region and with those studies that only
used the Fried phenotype with rural populations from other low-and middle-
income countries. | briefly highlight the methodological and context specific
differences that could partly explain the differences between prevalence
estimates. Finally, | have compared the present study findings with the pooled
prevalence estimates of frailty in upper middle-income and high-income countries
presented in Chapter 3, Section 3.5.2.4 (page 135). Frailty prevalence using the
Fried phenotype is highly dependent on the type of cut-off points applied for grip
strength and gait speed (e.g. study population specific or external such as CHS*
proposed cut-off points). In order to enable a more direct comparison to other
studies available in the literature, in three occasions, | examined the prevalence
applying the same cut-off points and minimum recruitment age to the present Sri

Lankan study sample.

Cross-sectional studies from the WHO South-East Asian region

As noted in the findings of present systematic review, there is a paucity of
epidemiological research on frailty from low-and middle-income Asian countries.

Among the published studies to date, India was a study site of two multi-country

67,368

studies and there were four small studies from (i) Pune, India®?’; (ii) Nepal*®;

(iii) Nakhon Pathom, Thailand®°; and (iv) Thung Hua sub-district, Lampag
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province, Thailand®”:. The reported prevalence of frailty in these studies ranged

from 11.4% (Fried phenotype with four components)®” to 56.9% (frailty index)3.

A small community-based study of older adults aged 265 years conducted in Pune,
India in 2014-2015%% using Fried phenotype, a similar assessment method to the
present study but with Cardiovascular Health Study (CHS) cut-off points® for gait
speed and three grip strength cut-off points adjusted for sex and BMI, found a
prevalence of frailty and pre-frailty of 26.0% and 63.6% respectively.??’” The
corresponding prevalence of frailty and pre-frailty in the present study after
restricting the sample to those aged =65 years and after applying the same CHS®
grip strength and gait speed cut-off points was 34.6% (95% Cl: 29.3%, 40.4%) and
49.7% (95%: 44.6%, 54.9%) respectively, indicating higher frailty but lower pre-
frailty in the present Sri Lankan population. Besides the inherent differences in
study samples, this difference may be due to the heterogeneity of
operationalising the other Fried phenotypic components, e.g. shrinking, poor

endurance and energy, and low physical activity.

A small study (n=280) with a voluntary sample of community-dwelling older adults
aged 260 years from Thailand reported the prevalence of frailty as 17.2% with CHS
cut-off points?® for grip strength and gait speed.?’* When | used the same CHS cut-
off points, the prevalence of frailty increased to a higher prevalence of 24.4% (95%
Cl: 21.0%, 28.3%) with the present Sri Lankan sample (260 years). The lower
prevalence of frailty in this Thai study compared with the present study when |

used the same CHS cut-off points!® could be partially explained by the voluntary
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Thai sample compared with the probabilistic sample selected for the present
study, if the voluntary sample is healthier on average than a randomly selected
sample. Another study conducted in Thailand in 2015 with a small urban sample
of n=141 older adults aged>65 years reported a higher prevalence of frailty
(22.7%) and pre-frailty (55.3%) compared with the present study. This study had
only used two grip strength cut-off points for males and females separately and
one gait speed cut-off point.3’° This was a follow-up study of an initial sample of
n=427 individuals selected using systematic random sampling. There may be
higher attrition rates within the group of frail people taking part in the study and

thus the true prevalence of frailty could be underestimated.

Cross-sectional studies from rural populations in low-and middle-income countries

The present study was conducted in rural areas of Kegalle district. Six other
studies have also examined the prevalence of frailty among rural older adults in
Tanzania, Malaysia, Colombia, Mexico, and Turkey. The prevalence of frailty in
rural community-dwelling Tanzanian older adults aged>60 years was found to be
lower than the present study at 9.3% (95% Cl: 4.4%, 14.1%) in 2017 with complete
data for 196 participants.3’2 The observed relatively low frailty prevalence in this
study may be explained by healthy survivorship bias (e.g. early mortality of people
with multimorbidities or frailty with reduced access to healthcare) or
methodological differences. Similarly a low prevalence of frailty, 9.4% (95% ClI:
7.8%, 11.2%) was reported in a probability sample of 2,324 rural community-

dwelling older adults aged >60 years with an extensive list of study exclusion
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criteria in Kuala Pilah, a district of Malaysia in 2013-2014.3” However, in a small
study with 279 randomly selected community-dwelling older adults aged>60
years in another rural district of Kuala Nerus, Malaysia conducted in 2013, the
reported prevalence of frailty was higher at 18.3%.374 A lower prevalence of frailty
compared with the present study was also reported among community-dwelling
older adults in rural areas of coffee-growing zones of the Colombian Andes
Mountains (12.2%) in 20052, rural areas of Mexico (10.7%) in 2013%%, and
central villages of Kars Province, Turkey (7.1%) in 2014%”>. The minimum
recruitment age of the participants in the aforementioned studies was >60%%,

>70%21 and 265°7° years respectively.

In summary, the prevalence of frailty in the present study appears to be higher
compared with many studies included in the comparison above, even after
accounting for design differences (e.g. grip strength and gait speed cut-off points,
and minimum recruitment age) with two studies from Pune, India’?*’ and
Thailand®’!. However, it is worth noting the uncertainty around the study
estimates given that many of the aforementioned studies had been conducted
with small samples. Also, a lower prevalence of frailty was observed when

218 371 compared with

participants were recruited from voluntary sampling
probability sampling. Selection and exclusion bias may have also contributed to
the observed differences in the levels of frailty. For example, excluding individuals

who were unable to travel to assessments or participate in an interview was likely

to have led to an underestimation of frailty in some populations (e.g. Colombian
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study).?'® Poor health is a predictor of study attrition; thus higher attrition of frail
older adults was also probable in subsequent follow-up studies reporting lower
frailty prevalence.?” Similarly, in some studies the selection process may have
favoured the inclusion of individuals with lower propensity for frailty and thereby

leading to lower estimates of the prevalence of frailty.?!8 221,373,375

Comparison with pooled frailty prevalence estimates from upper middle-income

and high-income countries

In the present study, the prevalence of frailty and pre-frailty in older adults among
those who were aged 265 years in Sri Lanka, was 21.6% and 52.6% respectively
using population-specific grip strength and gait speed cut-off points. This is much
higher than the pooled prevalence of frailty reported in high-income (8.2% ; 95%
Cl: 5.7%, 11.2%) and upper middle-income (11.8% ; 95% Cl: 10.0%, 13.6%)
countries using the same frailty assessment method and the same minimum
recruitment age (=65 years).!’® This finding supports existing literature showing a
strong relationship among middle-aged and older Europeans between national

economic indicators and a country’s level of frailty and fitness.&
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9.3.2.2 Sociodemographic characteristics associated with frailty status

Age-and sex

Older age and female sex are two well-known biological risk factors for frailty.>°

Advancing age is associated with progressive loss of homeostatic regulations and
functional reserves of different physiological systems, making the human body
less resilient. In the present study, there was a steep increase in the prevalence
of frailty among Sri Lankan older adults in the older age groups (75-79; 280 years).

In keeping with the findings of previous cross-sectional studies!3* "

, increasing
age was associated with both frailty and pre-frailty in the present study. Older age
was positively associated with incident or higher levels of frailty among
community-dwelling older adults in all studies included in a systematic review that

explored risk and protective factors associated with frailty using longitudinal

studies.’®?

The prevalence of frailty has been reported to be higher in older females
compared with males with studies using Fried phenotype*3; however, authors did
not examine the degree of variability between sexes across different age groups.
Comparable with many other studies, | found a slightly higher overall prevalence
of frailty among females (16.0%) compared with males (14.3%). However, the
prevalence of frailty was very similar between Sri Lankan females and males
across all five age groups, and no statistically significant sex difference in frailty or
pre-frailty was found in the present study. Similarly, no association was found

between sex and frailty in a Malaysian study.3’* In contrast, a meta-analysis of
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seven large studies of community-dwelling older adults from 19 different
countries from high-income and upper middle-income economies consistently
reported higher frailty index scores for females compared with males even after
stratifying by age groups.3’® A common hypothesis of this sex difference is that
females are likely to acquire more deficits over time and live with those deficits
for longer than males.3’® Sex differences in biological factors such as having lower
muscle mass compared with males, hormonal changes, and increased risk of
osteoporosis could further explain this sex difference.??! A systematic review
revealed mixed findings for the longitudinal association between sex and

196, 377

frailty'®; two studies reported female sex as a risk factor for frailty while

two studies reported no association®’® 372,

Social support

Living arrangement was not associated with frailty or pre-frailty in the present
study. Longitudinal findings for the association between living alone and frailty
have been conflicting.?® One study reported a significant negative association
(being protective) between living alone and frailty3®, this is because more frail
older adults could have lost the capability to live independently in the community;
however another study reported no association.?’® In line with previous cross-

381 |ack of or poor social support measured using Oslo-3 item

sectional literature
social support scale was associated with increasing frailty in the present study.

Findings of a recent longitudinal study reported that people who experience a

higher level of loneliness, but not social isolation, are at increased risk of
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becoming physically frail.3? It is difficult to explain the causal mechanisms
involved due to the cross-sectional nature of the present study, but it may be that
good social support might delay the onset of frailty through improved mental

wellbeing, access to health services, and nutritional status of older people.

Socioeconomic factors

A strong association between longest-held occupation and frailty was found in the
present study. Older adults who have never been employed or having had an
occupation belonging to the lowest skill level (skill level 1) were more likely to be
frail compared with their high skilled counterparts. Education level was only
associated with pre-frailty in the present study; older adults who had no schooling
and those who reported to have had only primary education were more likely to
be pre-frail compared with those who have completed upper secondary or above
level of education. One study included in the systematic review of longitudinal
studies®° reported lower education as a risk factor for frailty while three studies
reported no association. Perceived financial strain was not associated with frailty
or pre-frailty in the final multivariable-adjusted model. Lower income was a risk
factor for frailty in two studies included in a systematic review of longitudinal
studies.®® Similar to the present study, financial strain was not associated with

frailty in a longitudinal study.&°

This highlights the importance of exploring what aspects of socioeconomic status
are most relevant to today’s older populations.®®® Education level is often

regarded as the first choice as a marker of socioeconomic status since education
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level is usually attained in early life, and it is unlikely to be affected by reverse
causality (i.e. frailty leading to lower educational attainment). Also, the education
level of a person has a complex relationship with health and it is closely connected
to occupation and other aspects of socioeconomic status.>® More often the
educational level of a person reflects the childhood and adolescent
socioeconomic status based on the socioeconomic status of parents. Therefore,
educational level partially determines the occupation and income of adulthood.
However, according to the results of the multivariable-adjusted regression
including sociodemographic characteristics, the longest-held occupation had a
stronger association with frailty rather than education level or perceived financial
strain in the present study. The level of education in the present sample of older
Sri Lankan adults does not necessarily reflect the individual’s occupation. For
instance, of older adults who had completed the upper secondary or above level
of education, only 47.6% had engaged in longest held occupations that belonged
to skill level 3 or 4 (highest skilled). Alternatively, 95.2% of older adults who were
engaged in high skilled longest-held occupations (skill level 3 or 4) had completed
upper secondary or above level of education. This means that the possibility of
extent of differentiation is limited and education level variable may only allow the

most advantaged to be distinguished from the rest of the population.

A systematic review explored the relationship between occupational factors and
frailty and has suggested a possible association between the life-course

occupation and frailty in advanced age; intrinsically harder, manual or blue collar
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occupations were viewed as the probable determinants for manifestation and
severity of frailty at older age.?® This review was the first in the literature on this
aspect and there appears to be a complex and dynamic relationship between
occupation and frailty that needs further investigation. Engagement in low skilled
occupations could possibly be associated with increased work stress and
psychological problems (e.g. depression) and unhealthy lifestyle practices (e.g.
adherence to unhealthy diet, smoking, etc.) and exposure to work place risk
factors (e.g. musculoskeletal complaints/back pains) that could eventually
contribute to the development of chronic disease conditions that could possibly
share common underlying biological mechanisms with frailty. On the other hand,
it is complex to extrapolate how the observed social gradient in frailty is only
related to longest-held occupation itself as the other variables related to
socioeconomic status of older adults (e.g. education level, occupation class,

wealth, income, financial strain) can sometimes overlap.3®!

9.3.2.3 Health-related factors associated with frailty status

Frailty was significantly associated with three health-related factors in the present
study: polypharmacy (talking five or more medicines daily), low cognitive
performance, and presence of higher number of depressive symptoms. All of
these associations are consistent with extensive literature documenting these

associations predominantly from studies conducted in high-income countries.'®"

386, 387
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Multimorbidity

Multimorbidity was defined in the present study as the presence of two or more
concurrent chronic disease conditions. The prevalence of frailty among those who
were multimorbid, was 19.0% (95% Cl: 13.1%, 26.8%) in the present study. A
similar pooled prevalence of frailty was reported among multimorbid individuals,
16.0% (95% Cl: 12.0%, 21.0%) in a meta-analysis, after excluding three studies
where the majority of participants were 80 years and older.3®® The percentage of
older adults who reported to have two, three, four, five, and six concurrent
chronic disease conditions in the present Sri Lankan sample was 19.1%, 12.9%,
7.0%, 1.5%, and 0.5% respectively. However, it is also worth noting the
methodological differences between studies (e.g. the definition of multimorbidity
employed in the previous studies, which medical conditions were included, and
whether the medical conditions were self-reported or were verified by
documents). Of all chronic conditions reported in the present sample, over 70.0%
were verified conditions (72.3%). Multimorbidity was associated with frailty in the
present study in the unadjusted model, however it was not associated with either

frailty or pre-frailty in the final multivariable-adjusted model.

Polypharmacy

In the present study, the prevalence of frailty among those taking five or more
medicines daily was 27.1% (95% Cl: 19.7%, 36.0%). Taking five or more medicines
daily (compared to taking four or less) increased the relative risk of being frail by

four times compared with being non-frail (Table 6.9, page 277). Of 18 cross-
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sectional studies included in a systematic review, 16 demonstrated significant
associations between polypharmacy and frailty.>®® However, longitudinal studies

d3® and available results were inconclusive.?®° Thus, it is

on this aspect are limite
difficult to establish any potential causal relationships.3® A complex bidirectional
relationship has been suggested between these two factors.>® Polypharmacy is a
proxy marker for multimorbidity (i.e. a greater number or severity of chronic
conditions) which in turn is associated to frailty. In addition, use of a higher
number of drugs may cause clinical or subclinical adverse drug reactions or side
effects that increase the risk of frailty.3® 389 Certain components of frailty can be
linked with the number of drugs taken, e.g. weight loss, balance disorders, poor

nutritional status, and functional decline.3% 3%

Multimorbidity and polypharmacy are two interrelated constructs. Although
many would have multimorbidity in these older age groups, most of those chronic
disease conditions may not be debilitating. In the present study sample, the
majority of multimorbid adults were not taking five or more medicines daily
(58.7%). However, the majority of older adults who were taking five or more
medicines daily were multimorbid (72.0%). The correlation between these two
variables in the present Sri Lankan sample was weak (Spearman’s rho=0.36). |
decided to keep both variables in the final multivariable-adjusted model to

explore the independent association of multimorbidity and polypharmacy.
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Cognitive performance

In keeping with previous studies, lower cognitive performance indicated by
screening test results was associated with increased risk of both frailty and pre-
frailty in the present study. Similarly, a number of cross-sectional studies have
consistently demonstrated the association between general cognitive function
and frailty assessed with both Fried phenotype and frailty index.'! Evidence
suggests a bidirectional relationship. According to the findings of longitudinal
studies; higher levels of frailty predict cognitive decline among samples of both
community-dwelling and long term care resident older adults.’® The reverse
association has also been found; cognitive impairment predicts future frailty.1°* A
number of mechanisms have been proposed to explain the link between frailty
and cognition and both conditions are hypothesised to share common risk factors
including chronic diseases, poor cardiovascular health, inflammation or hormonal

dysregulation.%!

Depression

In keeping with previous research®’ older adults at higher risk of depression were
at increased risk of having being frail (versus non-frail) and pre-frail (versus non-
frail) in the present study. Results of a meta-analysis suggest a consistent
bidirectional relationship between frailty and depression among older adults.3®’
Later life depression and frailty are assumed to share several pathophysiological

mechanisms, e.g. subclinical cerebrovascular disease, role of chronic

inflammation, HPA dysregulation of hormones, etc.?®
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Vision and hearing ability, chronic pain, and oral health

The prevalence of frailty among those who reported ‘poor’ or ‘fair’ vision and
‘poor’ or ‘fair’ hearing ability in the present sample was approximately double,
21.8% (95% Cl: 17.4%, 27.0%) and 21.3% (95% Cl: 15.1%, 29.2%) compared with
their counterparts who reported ‘good’/’very good’/‘excellent’ vision and hearing
ability respectively. However, self-perceived vision ability and hearing ability were
not associated with either frailty or pre-frailty in the present multivariable-
adjusted model for health-related factors. In contrast, self-reported ‘poor’ vision
was associated with both frailty and pre-frailty combined after adjusting for
several sociodemographic and health-related covariates in a cross-sectional
analysis of the English Longitudinal Study of Ageing (ELSA).39? Similarly ‘poor’ self-
reported hearing was also associated with frailty and pre-frailty in a multivariable-
adjusted cross-sectional analysis.3*3 Self-reported chronic pain and self-perceived
oral health were not associated with either frailty or pre-frailty in the present

multivariable-adjusted model for health-related factors.

9.3.2.4 Lifestyle factors associated with frailty status

Smoking, alcohol consumption, and unhealthy dietary patterns, are important
modifiable lifestyle factors that are associated with many chronic disease

conditions.
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Smoking

| found no association between smoking status and frailty or pre-frailty (versus
non-frail). In contrast, a previous cross-sectional analysis showed a dose-response
association between smoking and frailty (assessed with the frailty index); heavy
smokers had the highest degree of frailty, light smokers had intermediate frailty

status, and never smokers were the fittest.3%

Alcohol consumption

In the present multivariable-adjusted model for lifestyle factors, the risk of frailty
and pre-frailty was lower for those who reported that they had consumed alcohol
within the past 12 months. Likewise, alcohol consumption was associated with
lower incident frailty compared with those abstaining among community-
dwelling middle-aged older adults in a systematic review and meta-analysis that
explored the prospective associations between alcohol consumption and incident
frailty.3®> However, the pooled estimate of this study was mostly based on
unadjusted risk estimates. The potential explanations for this finding could be the
‘sick quitter’ effect (i.e. that those who are ill or frail stop drinking) and/or healthy
survival bias (i.e. that those who were susceptible to alcohol related diseases

might have died at an earlier age).
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Diet

In age-and sex-adjusted models, there were significant associations with: (i) low
plant protein and (ii) low plant and animal combined protein intake with frailty
and pre-frailty (versus non-frail). However, this was attenuated and was non-
significant in the multivariable-adjusted model. A systematic review and meta-
analysis that included four cross-sectional studies found that higher protein intake
was negatively associated with frailty status in older adults with unadjusted risk
estimates.3% Similar results were observed in two of three longitudinal studies
found in this review indicating higher protein consumption was associated with

lower risk of frailty.3%

In the final multivariable-adjusted model, being in the lowest tertile of weekly
vegetable intake (<18 servings) compared with being in the highest tertile (>28.5
servings) increased the risk of being frail compared with non-frail. The level of fruit
consumption seemed to be very low in the present study population, the weekly
consumption was <6 servings for 72.2% of the sample. However, no association
was observed between weekly fruit intake and frailty status in the present study.
The potential mechanisms that would explain this finding are: (i) fruits and
vegetables are natural sources of anti-oxidants, (ii) contain certain nutrients that
are protective against risk factors for frailty, and (iii) contain phytochemicals that
have anti-inflammatory properties.>®” However, a systematic review and meta-
analysis published in 2019 emphasized the importance of investigating the

association between dietary patterns and frailty rather than assessing the
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relationship between single nutrients or foods and frailty. The findings of this
review suggested that a diet high in fruit, vegetables, and whole grains may be

associated with reduce risk of frailty.3

9.3.3 Cross-sectional association between frailty status and disability

In a separate analysis | examined the prevalence of 21 limitations in activities of
daily living according to frailty status. The prevalence of 21 IADL limitations (e.g.
shopping, food preparation, responsibility of own medication, etc.) appears to be
higher among frail Sri Lankan older adults (84.4%) compared with frail older adults
in Canada (60.0%)°, England (64.5%)'°, and Egypt (72.1%)%®. In contrast, the
prevalence of 21 BADL limitations (feeding, bathing, toilet use, etc.) was higher
among frail older adults in England (57.1%)*° and in Egypt (44.2%)'°° than in the
present Sri Lankan sample (38.7%). The prevalence of 21 BADL limitations among
frail older adults in the Canadian study was lower (27.4%) compared with the level
among frail Sri Lankan older adults. The minimum age of the participants included
in the Egyptian and English studies was 260 years whereas it was 265 years in the

Canadian study.

In the present study, Sri Lankan frail older adults had much higher levels of
dependency in IADL tasks compared with the ELSA participants at Wave 4 (2008-
09).1>° This provides a good illustration of how differences in findings across
countries/studies may be explained both by study methodological heterogeneity
(e.g. disability assessment methods, measurement wording, nature of
respondent: older adult or a caregiver, and study population characteristics) and
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in socio-cultural contexts. For example, in the present study, 69.6% and 64.4% of
the frail older adults reported dependency for shopping and meal preparation
respectively whilst the corresponding figures in the ELSA were 36.3% and
16.7%.1>> However, it is also worth noting the cultural and context specific
differences associated with these two tasks. In the present study | asked
participants about meal preparation whereas ELSA participants were asked about
preparing a hot meal. In the Sri Lankan context, food preparation is a fairly
complex task particularly in rural areas (i.e. cleaning and cutting vegetables,
scraping coconut, handling wood burners, etc.) whereas in England it could just
involve heating a ‘ready to cook’ meal. A similar pattern was observed for
cognitive IADL tasks (e.g. responsibility of own medication, ability to use
telephone, ability to handle finances). In the present study 50.0% and 37.4% of
frail older adults reported that they were not capable of managing their own
medications and handling finances respectively. The respective figures among
frail older adults were very low in the ELSA study at 5.6% and 8.0% '*°. However,
’ 155

the ELSA survey items mention ‘taking medications’ and ‘managing money

rather than handling/managing medications and handling finances.

In the present study population, physical IADL limitations appeared to be more
common among frail participants compared with cognitive IADL limitations.
However, this finding was in line with my expectations given that the Fried
phenotype captures physical frailty. In the Sri Lankan context, certain physical

IADL tasks (e.g. food preparation and shopping) could be more demanding for frail
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older adults in remote rural areas compared with cognitive IADL tasks. However,
in the present study the vast majority (96.0%) of older adults lived with their
spouse or children and therefore family support for older adults is very high. In Sri
Lanka, family members may often assist older adults with performing IADL
activities even though they do not have any difficulty of performing these. These
cultural elements could also contribute to deskilling (accelerating the loss of

function) and increasing dependency levels in the long run.

| further explored the characteristics of the present Sri Lankan frail sub-sample in
order to understand the presence of higher levels of IADL limitations. The median
MoCA score of older adults with 21 IADL limitations was lower (median 16; IQR:
11.5-21) compared with adults with no IADL limitations (median 21; IQR: 18-23).
There is a potential bidirectional relationship between frailty and cognitive
impairment.3® It has also been found that IADL limitations are consistently

present with those who have mild cognitive impairment.*®

With regard to BADL tasks, frail older adults in ELSA reported more difficulties
with more intimate activities such as dressing (40.0%) and bathing or showering
(34.1%)*>° whilst Sri Lankan frail older adults reported higher dependency for
feeding (25.1%) followed by dressing (22.1%), and bathing (22.0%). It is interesting
to note the lower prevalence of limitations for bathing in the present study
considering the low facilities existing in the rural Sri Lankan environment. For
instance not all households in rural areas have regular water supply and many

household members have to go to public wells, rivers, or streams for bathing.
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Though I recruited a representative sample based on the age-and sex composition
of the older adults living in the Kegalle district, 61.0% of them were between 60
to 69 years old (‘young old’). 1.2%, 3.4%, and 5.2% older adults in 60-64, 65-69,
and 70-74 years age groups reported 21 BADL limitations respectively. There were
few older adults belong to ‘middle-old’ (age 70-79 years) and ‘oldest-old’ (age 280
years) age groups, which could explain low BADL prevalence in the present

sample.

9.3.4 Cross-sectional association between frailty status and quality of life

| further explored the association of quality of life and frailty status. My findings
corroborate the findings of previous studies: frailty and/or pre-frailty were
significantly associated with lower QoL/HRQoL scores on average compared with
non-frail older adults.1% 16> 401 However, direct comparisons of the present study
findings with these other studies is not feasible due to the differences in study
methodology; mainly the method of assessment of frailty and of QoL/HRQol,
study participants, and analysis techniques. Previous studies that have estimated
the associations between frailty and HRQolL had adjusted for several
covariates.'®?1%* However, | only found one study (conducted by Bilotta and
colleagues) that had attempted to estimate the association between frailty and
the broader concept of QoL after adjusting for other covariates.®! In this study,
Bilotta and colleagues recruited community-dwelling older adults referred to an
outpatient geriatric clinic in Milan, Italy (such outpatients probably represent a

less healthy population).** They used the same QoL instrument as used in the
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present study (the 35-item Older People’s Quality of Life Questionnaire) but used
a different frailty evaluation method (Study of Osteoporotic Fractures (SOF) frailty
index), and adjusted for different covariates. It is therefore not possible to directly

compare my findings.

A systematic review and meta-analysis published in 2019 which predominantly
included studies from HICs which measured both HRQoL and QoL has also
reported worse QoL among community-dwelling older adults with frailty than
their counterparts without frailty.*°* This association remained robust even after
adjusting for age, sex, and depression. Furthermore, a clear and substantial
association was observed between frailty and lower QoL across a range of QoL

domains.
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9.4 Strengths and limitations
9.4.1 Part A: systematic review and meta-analysis

Strengths and limitations

In this thesis, | conducted the first systematic review and meta-analysis on the
prevalence of frailty and pre-frailty among community-dwelling older adults in
LMICs. The strengths of this review include: (i) conducting a comprehensive
literature search in six electronic databases with a comprehensive search strategy,
including WHO Global Health library to capture studies published regionally, (ii)
no language restriction, (iii) screening by two reviewers, (iv) using a quality
assessment tool, (v) subgroup analysis of prevalence of frailty and pre-frailty with
substantial number of studies, (vi) using a meta-regression technique to identify
the sources of heterogeneity between the studies, and (vii) contacting authors to
directly obtain the additional information from the studies required for subgroup
analyses. The systematic review and meta-analysis have been reported according

to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses.'8!

Both funnel plot asymmetry and the results of the Egger's weighted regression
test indicated the presence of reporting biases and/or between study
heterogeneity in the random-effects meta-analysis of frailty. The nature of this
study effect (prevalence) is unlikely to be affected by publication bias. However,
publication bias could also be affected by study size, funding source or research
group.'® | noted that the majority of the studies included in this meta-analysis

have large samples. Multiple sources have been identified that could affect funnel
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plot asymmetry including reporting biases (publication bias, selective outcome
reporting, and selective analysis reporting), poor methodological quality, true
heterogeneity, and chance.’® 1% |n the present review funnel plot asymmetry is
likely to be mainly due to the true heterogeneity between the studies as a result
of the use of different frailty assessment methods. It is also possible to have a true
underlying difference of frailty prevalence in different populations. Another
limitation of the present review was non-inclusion of grey literature; it may be

that some small unpublished studies could have been missed.

9.4.2 Part B: population-based cross-sectional study

9.4.2.1 Study design

Strengths and limitations

Cross-sectional studies are an appropriate and efficient design to evaluate the
prevalence of diseases, explore the aetiology of non-fatal diseases, and identify
healthcare needs of the populations.*®®* Moreover, these studies can be quicker
and more economical to perform*® than longitudinal panel cohort designs and do
not have limitations of attrition over time. Cross-sectional studies are therefore
suitable in resource or time constrained conditions such as my PhD to initiate the
understanding of health issues that have never been studied before. | conducted
a population-based cross-sectional study to achieve the study objectives of Part B
of my PhD. To the best of my knowledge, this is the first study conducted in Sri

Lanka on the epidemiology of frailty assessed with the Fried phenotype and is the
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first study from the WHO South-East Asian region assessing cross-sectional
association of frailty with disability and with quality of life among rural
community-dwelling older adults. Some GN areas of the present study setting
were very remote and had access only by foot (e.g. six or seven kilometers walk).
| had an excellent research team, Department of Community Medicine, University
of Colombo, Sri Lanka to coordinate field work activities, and received maximum
support from the local community as well as from government administrative
officers of respective GN areas to overcome many logistical challenges and to
achieve a very high response rate. | followed Strengthening the Reporting of

t405

Observational Studies in Epidemiology (STROBE) statemen when reporting

present cross-sectional study.

In cross-sectional studies, disease outcome and exposures are measured at the
single point in time although the recruitment can take place over a long period of
time. As a result, cross-sectional studies lack prospectively collected information
on past exposures and time sequence of events making it difficult to establish
causal inference or temporal relationship between variables.*®® Findings should

therefore be interpreted with caution.

9.4.2.2 Study population

Strengths and limitations

| recruited a large representative sample of older adults from the entire Kegalle

district based on the census data of ‘age-and sex’ composition of the older adults
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in the district.?>® The sample studied is therefore representative of the base
population and has internal validity. Nevertheless, census data were not available
for the other sociodemographic characteristics (except sex and age) for the entire
older population in Kegalle district hindering the comparison with the present
study sample. However, there is unlikely to be much selection bias as the present
study response rate is extremely high (99.5%). Table 6.2 (page 258) compares
sociodemographic characteristics of the present study sample with the entire Sri
Lankan older population. The present study sample was comparable with the Sri
Lankan older population in terms of sex and age composition. However, the
present study sample was slightly higher educated, included higher proportion of
older adults belonged to Sinhalese ethnicity, who were widows, and living in
extended households. Ethnic homogeneity (Sinhalese) and having a sample
exclusively drawn from the rural areas limit the generalisability or external validity
of findings across older adults from other ethnic groups and from older adults
living in urban and estate areas in Sri Lanka. However, it is worth noting that the
majority of Sri Lankan older adults (79.7%) as well as Sri Lankans (74.9%) are
Sinhalese and the majority of Sri Lankan older adults (77.0%) and Sri Lankan

population (77.4%) live in the rural areas.?*®

Compared with contemporary studies in the literature, | did not employ an
extensive list of study exclusion criteria. | only excluded participants who could
not give informed consent (e.g. advanced stages of dementia) and those who

were terminally ill. Therefore, number of excluded participants was very small and
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less restrictive than other studies. Even though the number of excluded
participants are minimal, there is still a small possibility of underestimating the
true prevalence of frailty status as well as true values of other data collected
during the study as excluded participants (e.g. those unable to give informed

consent) were likely to be less healthy compared to the included participants.

9.4.3 Study setting, sampling design, and sampling frame

Strengths and limitations

Kegalle district was chosen as this district reported the highest proportion (14.9%)
of older adults in a district population out of 25 districts in Sri Lanka.?*° However,
Kegalle district only accounted for 5.0% of total Sri Lankan older population
according to 2012 census data (8™ place of 25 districts: where minimum was 0.3%
and maximum was 12.5%).1% Utilizing simple random sampling was not a feasible
option in the present study as there was no readily available complete list of older
adults (sampling frame) living in the Kegalle district. Construction of a sampling
frame for the entire district through visiting all the households was not feasible as
Kegalle district is over a large geographic area (1692.8 km?) with a 125,069 target
population of interest. Therefore, considering the cost-effectiveness and
efficiency of a complex sampling design, a three stage probability sampling design
was used to recruit the participants, using the most accurate and up-to-date

information available at each stage of the sampling.
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9.4.4 Study instruments

9.4.4.1 Fried phenotype

Strengths and limitations

The Fried phenotype and the Frailty index are the most commonly used
instruments to assess frailty among older adults.>® | chose the Fried phenotype
frailty assessment method to use in the present study as it has a biological basis,
has been extensively used in community-based research, and has been shown to
have good predictive validity.® However, | did not find any study conducted in
WHO South-East Asia assessing the cultural adaptability, reliability, and validity of
Fried phenotype. This was later confirmed by a systematic review published in
2016 claiming that none of the frailty assessment tools used have been fully
validated to use in LMICs.>® The Fried phenotype model has been criticised as it
does not capture cognitive frailty or psychosocial factors.® All five phenotypic
components proposed in CHS!® were retained in the present study but the
methods | used to operationalise two components: ‘shrinking’ and ‘low physical
activity’ were modified compared to the original CHS® due to the cross-sectional
nature of the present study and cultural appropriateness of the chosen physical
activity instrument (IPAQ-Short Form) to the Sri Lankan context respectively.
Since three components (shrinking, weakness, and slowness) were based on
anthropometric measurements and measures of physical performance they were
unlikely to be affected by cultural differences. | evaluated the intra-rater reliability

of these measurements (height, weight, grip strength, and walking time) and
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assessed its magnitude as excellent: intraclass correlation>0.9 (Appendix 11, page
456). The two questions and physical activity questionnaire used to assess ‘poor
endurance and energy’ and ‘low physical activity’ components respectively were
also culturally adapted and validated in Sri Lanka. | have described the impact of

my operationalisation of each frailty component below.

Shrinking

| did not have access to valid repeated weight measures to calculate the
shrinking/unintentional weight loss component of frailty. The only alternative was
asking participants to self-report any unintentional weight loss in the prior year,
however, | felt that this was an unreliable question to ask from rural Sri Lankan
older adults as they do not monitor their weight regularly. Thus, in keeping with
many studies using the Fried phenotype®! | used BMI<18.5 kg/m?to operationalise
‘shrinking’. However, BMI is often used as a measure of being underweight rather
than unintentional weight loss and is a different construct to the original. Also,
modifying the unintentional weight loss component with BMI<18.5 kg/m? has
been associated with a decrease in the prevalence of frailty compared with using
direct weight loss measures.®! Hence, use of BMI might have underestimated the

true prevalence of frailty in this Sri Lankan study population to some extent.

Exhaustion

As in the original CHS™, | used the two questions of Center for Epidemiologic

Studies Depression Scale to measure ‘poor endurance and energy’ component,
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however this is subjective, personal, and culturally dependent. The reference
period of the questions was the ‘last week’ and the responses could therefore be
specifically influenced by personal circumstances such as bereavements,
experiencing a critical health event or iliness episode, etc. Moreover, older adults
with undiagnosed or untreated depression may be positive for this component.
On the other hand, the responses could also be affected by the social desirability
bias due to the stigma attached with negative responses. This measurement error
therefore could possibly lead to both over- and under- estimating the true

prevalence of frailty in the present study population.

Weakness and slowness

Regardless of different body sizes and compositions across different ethnic groups
in different regions, there is no consensus at present on which cut-off points
should be used for grip strength and gait speed to evaluate the weakness and
slowness components of frailty respectively. Some studies have used study
population independent cut-off points either proposed in the original CHS* or
age-and sex-specific grip strength norms proposed for different geographic
regions,>’? whilst others have used underlying study population-specific cut-off
points derived considering the anthropometry of their own study populations. |
used study population-specific cut-off points. The sex-specific BMI quartiles and
respective grip strength cut-off points were considerably lower in the present Sri
Lankan sample compared with CHS® (Table 4.4, page 184). A similar pattern was

observed in a Chinese study.?? In contrast, three studies conducted in Brazil?%% 21
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and Mexico!®® reported approximately similar sex-specific BMI quartiles to CHS*°
but with substantially lower grip strength cut-off points compared with CHS™.
When | used the CHS proposed grip strength cut-off points, half of the present
Sri Lankan study population was categorised as frail for the weakness component
compared to just below one-in four based on the present study population-
specific cut-points (50.7% vs. 23.6%). Similarly when | used the CHS* proposed
walking time cut-off points, the prevalence of slowness component was also
increased compared to present study population-specific cut-off points (30.7% vs.

19.7%).

When | apply the CHS® proposed cut-off points for grip strength and gait speed
that were computed for a group of USA older adults aged>65 years, it increased
the estimates of both prevalence of frailty (24.4% vs. 15.2%) and pre-frailty (51.8%
vs. 48.5%) in the present Sri Lankan study population (260 years) compared to
those obtained in my main analyses which used study population-specific cut-off
points. Similar results were found with the studies conducted in Germany*®® and

MeXiCOZZO, 407

with community-dwelling older adults. The prevalence of frailty was
almost doubled (20.6%)*” with a same sample of Mexican older adults aged >60
years when applying study population independent cut-off points (CHS) for grip
strength and gait speed compared with study population specific cut-off points
(11.2%)%1. The prevalence of pre-frailty also increased from 50.3%23! to 57.6%*"".

Some researchers therefore were cautious to avoid the use of CHS'® proposed

cut-off points in order to prevent overestimation of prevalence of frailty status,

353



as these cut-off points are dependent on anthropometric variables and intrinsic
characteristics of each population.?%% 214374 Fyrthermore, they posited that CHS*°
cut-off points would be most suitable for Caucasian populations as they have a

larger body frame compared to Asian populations.3’*

A systematic review and meta-analysis of normative hand grip strength data
found substantially lower values from developing regions of the world compared
with developed regions.*® | favoured the use of underlying study-population
specific grip strength and gait speed cut-off points considering the anthropometry
of each study population. However, to implement this approach, it is extremely
important to have a large representative sample from the base study population.
Or else, it is worthwhile developing population specific norms for each

population-based on demographic characteristics as sex and age.

Low physical activity

The ‘low physical activity’ component was originally measured in the CHS using
the Minnesota Leisure Time Activity Questionnaire.® This questionnaire captures
the weekly engagement of persons in leisure time activities. However, physical
activities included in this questionnaire (e.g. playing tennis) are atypical in many
cultures and this instrument has been found to be less applicable to other
populations and settings.2?”-29% 211 | therefore measured low physical activity using
the widely used?0% 203,248,409 cy|tyrally adapted IPAQ-Short Form?® as suitable for
a Sri Lankan population. The strengths of this IPAQ-Short Form are that it is

comprised of activities such as house work and house maintenance work,
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gardening and walking that older adults are frequently expected to take part in
on a daily basis. Thus, IPAQ-Short Form counts weekly engagement of total
physical activities; number of days and time engaged in vigorous and moderate
physical activities and in walking. Participants in the lowest quintile of weekly
kilocalorie expenditure adjusted for sex were considered as frail for this
component. The reference period of the IPAQ-Short Form was the last seven days
(prior to interview) and engagement of physical activities could be affected by
acute disease conditions, accidents (snake bites, falls, etc.), presence or absence
of rain (e.g. engagement of physical activities were low in rainy days), and

bereavements, etc.

9.4.4.2 Interviewer-administered questionnaire

Strengths and limitations

| followed a systematic process to develop the interviewer-administered
guestionnaire used in the present cross-sectional study including a literature
review, establishing the content of the questionnaire, inclusion of validated
established study instruments, review of the selected questions and instruments,
pre-testing and refinement.*!® There were no self-completion items in the
guestionnaire and therefore older adults with low literacy or experiencing vision
related problems could participate fully. Additional clarification about the
questions could be offered for participants when needed. However, recording
participants’ responses was a time consuming and costly process. Participant

responses may also be affected by ‘interviewer bias’.
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The questionnaire was comprised of questions originally developed for this study,
guestions used in previous studies and standard questionnaires/scales. | assessed
the internal consistency of translated and adapted and/or validated versions of
standard questionnaires included in my main questionnaire booklet (Appendix 10,
page 454). The assessments used to screen for depressive symptoms (GDS-15
scale), cognitive dysfunction (MoCA), and limitations in basic activities of daily
living (Barthel index) have been validated in Sri Lanka and showed a very good
internal consistency with the present study sample: Cronbach’s alpha values were
0.83, 0.85 and 0.92 respectively ( Appendix 10, page 454). The validation of MoCA
had been conducted in Colombo (the commercial capital of Sri Lanka). However,

it was not clear whether the study included participants from rural areas.

| used a quality of life questionnaire specifically designed to assess the overall QoL
of older adults (OPQOL-35). The internal consistency for the overall OPQOL-35
questionnaire was estimated as good (0.85) in the present study. However, use of
the OPQOL questionnaire to assess the association of frailty with QoL is still
scarce, limiting direct comparisons with studies in other settings. The OPQOL-35
guestionnaire has only been translated into Sinhala language and tested for
internal consistency in a previous study.'’* The validity of the questionnaire in a
Sri Lankan context has not been established yet. Not all the QoL domains of the
OPQOL-35 questionnaire reported satisfactory internal consistency in the present
study (Table 4.6, page 195). It is also of note that values of Cronbach’s alpha are

affected by the length of the instrument. For instance, if an instrument has a
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higher number of items, the alpha values tend to be higher. Low values of alpha
could be due to the low number of items, poor inter-relatedness between items,
or heterogeneous constructs.*!! Therefore, a comprehensive psychometric
evaluation including the structural validity of the OPQOL-35 questionnaire in Sri

Lankan context is warranted, but was beyond the scope of my PhD.

At the time of designing my study there was no culturally adapted,
psychometrically tested instrument to measure the limitations in instrumental
activities of daily living among Sri Lankan older adults. Therefore, to increase the
robustness of my findings | cross-culturally adapted and evaluated the reliability

and validity of the Sinhala version of Lawton IADL scale (Chapter 5, page 213).

9.4.5 Data analysis

Strengths and limitations

In complex sampling, unlike in simple random sampling, all the members in the
study population do not necessarily have an equal probability of being selected
into the sample. Use of final survey weights is therefore a standard practice in
design-based analysis of complex sample survey data to correct for any
differences in the probability of sample selection. These weights are
compensating for unequal probabilities of selection, non-response adjustment
and/or post-stratification adjustments. Unit non-response and items non-
response were minimal and hence no adjustment was required in the present

study. Post-stratification adjustments to the sample selection weights were
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undertaken (Section 4.6.3, page 177) to minimise the bias caused by under and
over represented groups as the number of participants recruited from each ‘age-
and sex’ strata was only approximately proportional to the survey population
distribution of each strata (Table 4.2, page 165). The post-stratification technique
also typically reduces the variance of the survey estimates.®®” Except in few
occasions my entire data analyses were performed after accounting for complex

sampling design.

9.4.6 Role of chance

Chance occurs through sampling error.**? Sampling error can be quantified and
controlled in probability sampling designs if sampling principles are carefully
applied within the budgetary constraints.*®® In general, increasing the size and
improving the representation of the sample minimise the sampling error.*°
Considering the features of my complex sampling design, | computed the sample
size that was required to estimate the prevalence of frailty at the desired level of
precision. The number of participants recruited from each cluster was set at 15,
which is the minimum possible number to include participants representing ten
‘age-and sex’ strata within a cluster. The number of participants recruited from
each strata was approximately proportional to the district population distribution
of each strata. Recruiting a small number of participants from one cluster
increased the number of clusters required to cover the estimated sample size and
thereby increased the geographical representation of the sample. Multiple testing

could lead to chance findings. In Chapter 8 (Section 8.6, page 313) results involved
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multiple testing and were performed for exploratory purposes only; therefore

findings should be interpreted with caution.

9.4.7 Sources of bias

Bias refers to systematic difference between study measurements and true
population values.*'* Researchers have used different terminologies and
classification systems to describe all sources of biases or in other words non-
random errors/systematic errors in epidemiological studies. | have described the
possible biases that arose in the present study below broadly under two topics:
selection bias and information bias and the measures | have taken to minimise
these possible biases. This section is therefore about how | fully or partially
overcame limitations emerged from these biases that mainly apply to my study

population and to the instruments used.

9.4.7.1 Selection bias

Selection bias occurs if respondents are systematically different from non-
respondents.*!® This can happen when the response rate is inadequate. | recruited
‘age-and sex’ representative sample of my base population and missing data were
minimal as there was a very high response rate (only four non-respondents of
750) and the survey was interviewer-administered. There are four major types of
non-response: unit non-response, surrogate response, noncontacts, and item
non-response.’'® The following steps were taken in order to minimise non-

response bias in the present study.
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Unit non-response error was minimised by visiting the eligible participants with
the Grama Niladhari officer of the respective SSU (in some occasions with a
permanent resident of the respective GN division as a representative of the
Grama Niladhari officer) and training the research assistants to communicate
effectively and revisiting the potential participants those who could not locate at
the first visit. Grama Niladhari officer/representative only helped to identify the
randomly selected participants from the sampling frame of each GN division
without any difficulty. In rural villages outsiders need to be introduced to the
community by a person known to the villages. It is known as an acceptable
practice in Sri Lanka and this improved the participant’s credibility on the present
study as Grama Niladhari officer is a government representative. A maximum of
three visits were made to a household of a potential participant at different

occasions if required.

Surrogate response error occurs when responses from a non-specified person (a
person other than the eligible participant occur). Participants were interviewed
individually and the other household members were informed about the nature
of the interview at the beginning. Therefore, interference from other household

members was minimal.

The item non-response error in the present study was minimised as follows: all
the study instruments and physical performance tests were pre-tested with a
similar group of participants (n=10) to identify issues pertaining to the study

instruments. The questions which need probes (e.g. some questions in OPQOL,
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GDS-15, etc.) were identified and research assistants were trained in probing the
guestions to the participants in a similar manner if they could not understand the
initial question. They used show cards to explain some concepts e.g. standard
alcohol drink (Appendix 7, page 451), food serving size (Appendix 8, page 452),
and answers on a Likert scale (Appendix 9, page 453). It helped participants to

think and select the most appropriate answer.

9.4.7.2 Information bias

Interviewer-related measurement errors can occur when interviewers
intentionally or accidentally record incorrect data, influence the respondent’s
responses, or assume the responses based on the respondent’s appearance or
other characteristics, etc. To minimise these errors, trained research assistants
and field assistants were employed with a manageable workload and close

supervision.

Most of the domains included in household surveys such as my PhD cannot be
measured directly e.g. quality of life, social support, depression, etc. Therefore,
researchers use proxy measures in questionnaires to operationalise these
constructs. If the construct validity of the study instruments is poor, estimates are
biased as they are based on incomplete instruments. Even though | used culturally
adapted, psychometrically tested study instruments to collect data on all
important outcomes and some covariates, the construct validity of the following
study instruments has not been tested in Sri Lanka yet e.g. OPQOL-35, Oslo-3 item

social support scale, Barthel index, MoCA, and GDS-15.
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All of the anthropometric measurements and grip strength were measured in
accordance with standard protocols.?®* 2’ Two instruments from each (weighing
scale, stadiometer (for height), and dynamometer (for grip strength)) were used
for data collection, thus variation between the instruments was minimal. The

instruments were regularly calibrated before use.

72.3% of data collected on chronic disease conditions were verified using clinical
records. Some information collected may have tendency to be subject to social
desirability bias and cause misclassification: providing socially acceptable answers
rather than the truth, particularly with respect to behavioural aspects e.g.
smoking, alcohol consumption, and health conditions associated with stigma e.g.
depression. Recall bias can occur when collecting some information
retrospectively, e.g. smoking history, drinking history, diet history, and ‘falling at
least one time during last year’, etc. As | was only exploring the lifestyle factors
associated with frailty as a component of one of my study objectives, | did not use
lengthy smoking, alcohol consumption, and dietary assessments or any objective

tests for these factors.

Although | only recruited participants capable of giving informed consent to take
part in the present study, there appeared to be a small number participants with
severe cognitive impairment (according to proposed MoCA score ranges). This
might have an impact on the reliability of the self-reported data provided by these

participants.
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9.4.8 Confounding

Despite having limitations on aetiological inference, it is common to examine the
associations between various factors and certain health conditions in cross-
sectional studies. Therefore, possible confounding factors need to be addressed.
Confounding is simply referred to as ‘mixing of effects’.*!? It is a distortion of true
association between exposure and outcome as exposure is associated with other

412 | uysed multivariable

factor/s that influence the outcome under study.
regression techniques to adjust simultaneously for the effects of several
confounding variables. Multivariable models in the Chapter 7 and Chapter 8 were
built to estimate the cross-sectional association between frailty and disability as
well as between frailty and QoL respectively. | was cautious not to over adjust the
models by including some health-related factors that could potentially lie on the
causal pathway as well as those presumed to have bidirectional relationships with
frailty. For instance when studying the association between frailty and disability
(=1 IADL limitations) | did not adjust the final model for depression and cognitive
impairment as | felt that these may be on the causal pathway. Similarly when
studying the association between frailty and Qol, depression and functional
impairment (IADL and BADL limitations) were not included in the final model.
Therefore, | only adjusted these models for minimum set of confounding factors
and | did not consider the mediation or effect modification. The mediation
analyses are better suited to longitudinal data rather than cross-sectional data.**’

Also, other stronger research designs/strategies would be needed to provide

stronger causal inference. However, as in all studies, potential residual
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confounding remains in all my models predominantly from incomplete
measurement of a particular domain (e.g. | was not able to fully capture poverty,
list of chronic disease conditions was not exhaustive). | did not collect data on
some variables that might be important such as access to healthcare and

transport.

It is also of note that all the multivariable multinomial logistic regression models
in the Chapter 6 (mutually adjusted models for set of sociodemographic, health-
related or lifestyle variables) were only built to explore potential cross-sectional
risk factors associated with frailty status in Sri Lankan context. This work is
exploratory only and each risk factor included in these models may be studied
separately and has its own confounders and mediators. Also, establishing
independent associations of factors with health outcomes such as frailty is
difficult when sociodemographic, health-related and lifestyle variables likely to

correlate.
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9.5 Public health and policy implications

In this section | present the public health and policy implications based on the
findings of the present systematic review, meta-analysis, and population-based
cross-sectional study. This considers the current sociodemographic and health
profile of the Sri Lankan older population along with country’s present readiness
of health and social care systems to cater for the demands of the current and

increasing ageing population.

9.5.1 Systematic review and meta-analysis

The findings of the systematic review and meta-analysis suggest that the
prevalence of frailty appears higher among community-dwelling older adults in
upper middle-income countries compared with high-income countries. However,
my results need to be interpreted and generalised cautiously as there is a large
difference between the studies in terms of demography, methodology, and
geography in addition to the true frailty differences between the populations. My
review highlighted in particular the lack of evidence on the basic epidemiology
and burden of frailty in LMICs: one study was identified from low-income
countries and two studies from a lower middle-income country. No studies were
identified from Sri Lanka, the topic of my PhD. This is despite evidence that
populations are rapidly ageing in many LMICs. Therefore, we do not currently
know the prevalence of frailty in these populations to inform health and social

care planning. A higher prevalence of frailty could be expected from these regions
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as many people in these countries are socially disadvantaged, e.g. lifelong

exposure to poor living conditions, adverse life events, etc.

9.5.2 Population-based cross-sectional study

9.5.2.1 Anticipated burden of frailty

There appears to be a socioeconomic gradient in frailty both between countries!&

and within a country as revealed in the present analysis, where those who had
been engaged in low skilled or no occupation had an approximately four times
high risk of frailty than those in the highest skilled occupational category.?®°
Interventions focusing on frailty prevention in Sri Lanka and other similar settings
should therefore consider targeting lower socioeconomic groups at higher risk of
frailty. Frailty is also known to be increased with advancing age, and this was
confirmed in my analysis. Although the majority of the Sri Lankan older population
belonged to ‘young-old’ (60-69 years) age group, the overall prevalence of frailty
estimated in Kegalle district of Sri Lanka is slightly higher compared with the
pooled prevalence of frailty in upper middle-income countries. Therefore, with
the anticipated ageing of the Sri Lankan population, it is likely that the burden of

frailty will be greater than expected. This should be accounted for in health and

social care planning in future years.
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9.5.2.2 Creating public awareness on population ageing

During the data collection, | visited and talked personally with all 746 participants
to briefly introduce my study. The majority of the participants or their household
members were not aware of the ageing population in Sri Lanka. In the first
instance, regardless of regional (provincial/district) variation in population ageing,
creating a national awareness about the rapidly shifting demographic profile of
the country and associated complex and multidimensional economic, health, and
social challenges including frailty is important. For almost all the participants, the
present study was the first time they heard the term ‘frailty’ (or its Sinhala or Tamil
equivalent terms). Considering these facts, communication on health conditions
of older age is needed along with the anticipated rapid population ageing in Sri
Lanka. These awareness programmes could be merged with the existing

programmes conducted by different agencies in the country.

9.5.2.3 Prevention of frailty

Understanding the health conditions of older age and their consequences is key
to informing prevention activities (primary, secondary, and tertiary) and reorient
the existing care systems accordingly. The increasing proportion of frail older
population is one of the biggest challenges to health and social care services today
as these older adults are vulnerable to developing a number of adverse health
outcomes, which leads to increasing consumption of services and an escalation of
associated costs.**® The evidence base is currently limited on the best

interventions to prevent frailty, particularly in LMIC settings. A range of
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preventable or modifiable risk factors or conditions for people at risk of
developing frailty have been reported including cognitive impairment, falls,
functional impairment, hearing problems, mood problems, nutritional
compromise, physical inactivity, polypharmacy, smoking, vision problems, social
isolation, and loneliness.**® In the present cross-sectional analysis not all of these
factors were associated with frailty risk. For example self-perceived hearing
ability, self-perceived vision ability, and smoking had no significant associations
with frailty in the present Sri Lankan study population, despite good evidence of
associations in previous research largely from high-income countries. The reasons

for these discrepancies are unclear and should be explored in future.

With the limited evidence in the literature, Sri Lanka needs to consider how to
incorporate broad frailty prevention and specific frailty severity reduction
activities to existing health service delivery. In the absence of strong evidence to
tailor advice to the Sri Lankan context education should focus on healthy ageing,
and well-established factors such as physical activity that have potential to reduce
frailty across all settings. This education could be undertaken across spectrum of
education, e.g. in schools, universities, workplaces, and hospitals. Since some of
risk factors for frailty are also risk factors for other chronic conditions we may
need to initiate inter-sectoral collaboration between different agencies working

on care provision, education, and financing in the country.
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9.5.2.4 Management of frailty

This PhD demonstrated that frailty in the present Sri Lankan study population was
associated with a higher level of limitations in undertaking instrumental activities
of daily living (IADL e.g. shopping, cooking, managing medications, etc.) and a
small but significant lower quality of life. This supports the need for interventions
that may improve these outcomes for frail older adults in Sri Lanka. Frailty is still
an evolving area and multiple interventions are under investigation, mainly in
high-income countries. The most effective components for interventions to
improve outcomes in frail older adults are uncertain though the most consistent
evidence from high-income countries is for exercise.’?® 420 Guidelines in UK
recommended ‘Comprehensive Geriatric Assessment’ with a focus on reduction
of polypharmacy®, though evidence for this approach is mixed, and it is resource
intensive and costly to deliver in a LMIC setting. In the present cross-sectional
study polypharmacy was associated with frailty, though causal links are not
established and we do not know if reducing polypharmacy in a Sri Lankan setting

would either prevent frailty or improve outcomes for frail older adults.

The higher dependency levels in IADL limitations found in the present study may
be associated with a higher need for support and care provision which in turn may
lead to subsequent higher caregiver burden. This is a further consideration for
policy makers in anticipating potential social care needs and associated costs. |
found a small (though still significant) reduction of QoL associated with frailty. The

association between frailty and QoL appears to be largely explained by ‘health’
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and ‘independence, control over life and freedom’ domains. This may be due to
the strong intergenerational social support given through the extended families
in Sri Lankan rural society that mitigate the non-health impacts of frailty in older
adults. In the present study population, experiencing lower social support was
associated with increasing frailty. This minority of older people with lower social
support might need to receive greater consideration in rural Sri Lankan setting.
Changes of existing family structure due to internal (moving to urban areas) and
external (abroad) migration, and shrinking family size are disrupting the
traditional family-based support system. Due to existing strong family support,
residential care of frail older adults has not been widely established. In keeping
with Sri Lankan traditional value systems, it is worth exploring alternative
mechanisms to support families to provide care for older adults with frailty in an

extended household setting that enable them to live in the community.

Overall, findings of this thesis are important to policy makers and healthcare
planners to quantify the extent of frailty and be prepared for establishing
appropriate integrated continuing health and social services for older adults with
frailty and multiple chronic disease conditions. Investing in health of the older

adults is important to mitigate the medical and social implications of ageing.
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9.6 Future research

| have identified a range of further areas of research from my thesis findings.

In the first instance, a clear consensus is required on methods of assessing frailty
to allow for more robust comparisons across populations and countries. This
would include both consideration of the choice of assessment tool and how it is
operationalised. A further important consideration for researchers using the Fried
phenotype measurement of frailty is a clear justification for the choice of cut-off
points for definition of frailty components, as my research demonstrated how use
of the original CHS criteria®® or study population specific cut-off points can have a
marked impact on prevalence of frailty. Further robust research is required from
low-income and lower middle-income countries with rapidly ageing populations
to estimate the burden of frailty, understand how frailty affects the day-to-day
lives of older people (e.g. activity limitations and lower quality of life) and inform

policy making.

| conducted this cross-sectional study only with older adults living in rural areas of
Kegalle district. Conducting an island-wide study to estimate the prevalence of
frailty and its consequences representing all provinces, areas (urban, rural, and
estate) and ethnicities is warranted in order to identify the differences if any for
policy planning. Empirical research is required to estimate the health and social
care costs (direct and indirect) associated with frailty in a Sri Lankan older
population. Since there is no single longitudinal study on ageing in Sri Lanka,
initiating a longitudinal study with a cohort of middle-aged older adults will enable
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to understand the risk factors, trajectories, and adverse outcomes of frailty as well
as other geriatric conditions that have not been studied to date. Studying the
lifestyle factors associated with frailty in detail would facilitate the identification

of modifiable risk factors of frailty.

Future research should also further evaluate the prevalence of IADL and BADL
limitations in frail older populations, along with the caregiver burden. In the
present study a higher prevalence of IADL limitations among frail older adults was
observed than in previous studies in other countries. One possible explanation
would be deskilling (accelerating the loss of function) where older adults have a
high level of social and practical support, not allowing them to perform these tasks
when older adults live in extended family settings. This is supported by the
following findings in the present study: greater social support was independently
associated with reporting higher count of IADL limitations and a lower quality of
life on the ‘independence, control over life and freedom’ sub-scale in frail older
adults in the present study population. The reasons for this should be explored in

future research.

In general, studies on ethnic differences on quality of life of older adults are
limited.*?? Similarly, both cross-sectional and longitudinal studies estimating the
magnitude of the association between frailty and QoL as well as different domains
of QoL are scarce from the many parts of the world. Further work could explore
more in-depth associations between frailty and QoL e.g. how factors such as

depression and limitations of instrumental and basic activities of daily living
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mediate this association. Comparable cross-country studies investigating the
prevalence of disabilities across frailty status and the evaluation of QoL will enable
researchers to understand context specific macro and micro level factors that are
associated with higher levels of disability as well as QoL. This is an important
necessity for low-and middle-income countries in the Asian region with the
predicted rapid population ageing. Assessment of IADL/BADL limitations needs to

be performed with standardised instruments and questions.

Since there are abundance of frailty screening tools in the literature and in use,
Sri Lanka is required to adapt or develop a screening tool that matches best with
its older population, available infrastructure, and human resources in the primary
healthcare settings. Also, it is worth exploring the feasibility and cultural
appropriateness of introducing an e-health initiatives for frailty screening along
with preventive health education messages for young and middle-age older

adults.
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9.7 Conclusions

To best of my knowledge, | conducted the first exhaustive systematic review and
meta-analysis to describe and estimate the prevalence of frailty status among
community-dwelling older adults in low-and middle-income countries. Similarly,
the present population-based cross-sectional study is the first study conducted in
Sri Lanka using the Fried phenotype frailty assessment method to estimate the
prevalence of frailty and to describe the range of factors associated with frailty
and pre-frailty. This is also the first study conducted in World Health Organization
South-East Asia region to estimate the cross-sectional association between frailty

status and disability and quality of life among community-dwelling older adults.

From the present systematic review, the prevalence of frailty and pre-frailty
appears higher in community-dwelling older adults in upper middle-income
countries compared with high-income countries. There is limited evidence on
frailty prevalence in lower middle-income countries and low-income countries,
and identifying the scale of the problem will help these growing economies to
prepare and respond to the challenges associated with increasing longevity.
Although comparisons between studies are difficult, the prevalence of frailty in
the rural Sri Lankan older population was high in comparison to both upper
middle-income countries and high-income countries. Advancing age, having never
being employed or having engaged in a low-skilled occupation, having a poor
social support, polypharmacy, lower cognitive assessment score, and presence of

higher levels of depressive symptoms were associated with increasing frailty
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among Sri Lankan older adults. The prevalence of limitations in instrumental
activities of daily living was also high among rural community-dwelling frail older
adults in Sri Lanka. Being frail decreased the odds of having no limitations in
instrumental activities of daily living, and was associated with a higher count of
limitations in instrumental activities of daily living among those who are
experiencing 21 IADL limitations. However, the prevalence of basic activities of
daily living was low among Sri Lankan rural community-dwelling frail older adults.
Frailty was associated with a small but significantly lower quality of life in this rural
Sri Lankan population of older adults. This was largely explained by ‘health” and
‘independence, control over life and freedom’ domains in the present Sri Lankan
study population. Interventions aiming to improve quality of life in frail older
adults should consider targeting these aspects. The overall burden of frailty was
higher than expected but there was lower than anticipated levels of basic
activities of daily living limitations and deterioration of quality of life. Thus,
understanding the multidimensional nature of challenges associated with
population ageing in different contexts is very important. Moreover, the high level
of frailty demonstrated in the present study emphasizes the need to pay urgent
attention to strengthening and establishing health and social care systems

targeting Sri Lanka’s rapidly ageing population.
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Appendix 1 Electronic search strategy

MEDLINE search strategy

1. Frail Elderly.sh,kf.

2. (frail* or geriatric syndrome* or geriatric disorder*).ti,ab.

3. ((elder* or old* or senior* or geriatric*) adj4 function* adj4 (declin* or impair*)).af.
4.1or2o0r3

5. Developing Countries.sh,kf.

6. (Africa* or Asia* or Caribbean* or West Indi* or South America* or Latin America* or Central
America*).hw,kf,ti,ab,cp.

7. ((developing or less* developed or under developed or underdeveloped or middle income or
low* income or underserved or under served or deprived or poor*) adj (countr* or nation? or
population? or world)).ti,ab.

8. ((developing or less* developed or under developed or underdeveloped or middle income or
low* income) adj (economy or economies)).ti,ab.

9. (low* adj (gdp or gnp or gni or gross domestic or gross national)).ti,ab.

10. (low adj3 middle adj3 countr*).ti,ab.

11. (Imic or Imics or third world or lami countr*).ti,ab.

12. transitional countr*.ti,ab.

13. (Afghanistan or Albania* or Algeria* or Angola* or Antigua or Barbuda or Argentin* or
Armenia* or Aruba or Azerbaijan or Bahrain or Bangladesh* or Barbados or Benin or Byelarus or
Byelorussian or Belarus or Belorussian or Belorussia or Belize or Bhutan or Bolivia or Bosnia or
Herzegovina or Hercegovina or Botswana or Brasil* or Brazil* or Bulgaria* or Burkina Faso or
Burkina Fasso or Upper Volta or Burundi or Urundi or Cambodia* or Khmer Republic or
Kampuchea or Cameroon or Cameroons or Cameron or Camerons or Cape Verde or Cabo Verde
or Central African Republic or Chad or Chile or China or Chinese or Colombia* or Comoros or
Comoro Islands or Comores or Mayotte or Congo or Zaire or Costa Rica or Cote d'lvoire or Ivory

Coast or Croatia or Cuba* or Cyprus or Czechoslovakia or Czech Republic or Slovakia or Slovak
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Republic or Djibouti or French Somaliland or Dominica or Dominican Republic or East Timor or
East Timur or Timor Leste or Ecuador or Egypt* or United Arab Republic or El Salvador or Eritrea
or Estonia* or Ethiopia* or Fiji or Gabon or Gabonese Republic or Gambia or Gaza or Georgia or
Georgian or Ghana or Gold Coast or Greece or Grenada or Grenadines or Guatemala or Guinea or
Guam or Guiana or Guyana or Haiti* or Honduras or Hungary or India* or Maldiv* or Indonesia*
or Iran* or Irag™® or Isle of Man or Jamaica* or Jordan* or Kazakhstan or Kazakh or Kenya* or
Kiribati or Korea* or Kosovo or Kyrgyzstan* or Kirghizia or Kyrgyz Republic or Kirghiz or Kirgizstan
or Lao PDR or Laos or Latvia* or Lebanon or Lebanese or Lesotho or Basutoland or Liberia or
Libya* or Lithuania* or Macedonia* or Madagascar or Malagasy Republic or Malaysia* or Malaya
or Malay or Sabah or Sarawak or Malawi or Nyasaland or Mali or Malta or Marshall Islands or
Mauritania or Mauritius or Agalega Islands or Mexic* or Micronesia or Middle East or Moldova or
Moldovia or Moldovian or Mongolia* or Montenegro or Morocco or Ifni or Mozambique or
Myanmar or Myanma or Burma or Namibia or Nepal* or Netherlands Antilles or New Caledonia
or Nicaragua or Niger or Nigeria* or Northern Mariana Islands or Oman or Muscat or Pakistan or
Palau or Palestine or Panama or Paraguay or Peru* or Philippines or Philipines or Phillipines or
Phillippines or Poland or Portugal or Principe or Puerto Rico or Romania* or Rumania or Roumania
or Russia or Russian or Rwanda or Ruanda or Saint Kitts or St Kitts or Nevis or Saint Lucia or St
Lucia or Saint Vincent or St Vincent or Grenadines or Samoa* or Samoan Islands or Navigator
Island or Navigator Islands or Sao Tome or Saudi Arabia or Senegal or Serbia* or Montenegro or
Seychelles or Sierra Leone or Slovenia or Sri Lanka* or Ceylon or Solomon Islands or Somalia* or
South Africa* or Sudan* or Suriname or Surinam or Swaziland or Syria or Tajikistan or Tadzhikistan
or Tadjikistan or Tadzhik or Tanzania* or Thailand or Thai or Togo or Togolese Republic or Tonga
or Trinidad or Tobago or Tunisia* or Turk* or Turkmenistan or Turkmen or Tuvalu or Uganda* or
Ukrain* or Uruguay or USSR or Soviet Union or Union of Soviet Socialist Republics or Uzbekistan
or Uzbek or Vanuatu or New Hebrides or Venezuela or Vietnam* or Viet Nam* or West Bank or
Yemen* or Yugoslavia or Zambia* or Zimbabwe* or Rhodesia*).hw,kf,ti,ab,cp.

14.50r60or70r8o0r9o0r10orl1lorl2orl3
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15.4 and 14
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Appendix 2 Quality assessment results of the studies

Authors and year of publication

Tribess et al, 2012201

De Andrade et al, 2013402
Junior et al, 2014202
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Corona et al, 2015422

Santos et al, 2015204

Closs et al, 2016205

Mello et al, 2017206

de Albuquerque Sousa et al,
2012207

dos Santos Amaral et al, 2013208
Moreira et al, 2013209

Neri et al, 2013210

Vieira et al, 2013211

Ricci et al, 2014212
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Calado et al, 2016214
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Appendix 2 continued. Quality assessment results of the studies

Authors and year of publication

Wu et al ,2017223

Dong et al, 2017224
Wang et al, 2015225
Badrasawi et al, 2017226
Kashikar et al, 2016227
Gurina et al, 201165
Alvarado et al, 2008228

Aguilar-Navarro et al, 201522°
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Del Brutto et al, 2016236
Fabricio-Wehbe et al, 200962
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de Leon Gonzalez, 201547

Random
sample or
whole
population

L L <L < XL <

L < L < L < X < L < L L < L L L <L <<

Unbiased sampling
frame

L L <L < x L <L

<<§<<<<<

=2
< x
>

X <« L L <L < x L <L

Adequate
sample size
(>300
participants)

L L X L L < <

L <L < L < L < X < X X X L L L << <

standard
measures

407

Used

L L L L L <L <

L < L < L << L < < << S L < L L L <L <<

Outcomes
measured by
unbiased
assessors

X <« L < < < <

X <« < X <« < L < < X X X <L < x L <L <

Adequate
response
rate (70.0%),
refusers
described

V,x
X, X
X, X
v,V
v,V
x,V
V,x

X, X

’

YA
N/A

X, X

v,V
V,x
v, X
V,x
V,x
‘A

X, %

X, %

X, X

X, X

’

X, X

,
v, X
X, X

.
V,x
X, X

’

Confidence
interval (Cl)
for
prevalence,
subgroup
analysis
Vv,V
X, X
x,V
x,V
x,V
x,V
x,V

x,V
x,V
x,V
x,V
X, X
X, X
x,V
x,V
X, X
x,V
x,V
x,V
x,V
x,V
A
x,V
x,V
X, X

x,V

Study
subjects
are
described

L L L L L <L <

LR < L < L << L < L < L < L < L L << <

Risk of bias
assessment

7.5
6.0
4.5
7.5
6.5
7.0
6.0

6.5
7.5
6.5
5.5
7.0
5.5
6.0
5.0
3.5
5.5
5.5
6.5
4.5
6.5
7.0
6.0
6.5
6.5
4.5



Appendix 2 continued. Quality assessment results of the studies

Authors and year of publication Random Unbiased sampling Adequate Used Outcomes Adequate Confidence Study Risk of bias
sample or frame sample size standard measured by response interval (Cl) subjects assessment
whole (>300 measures unbiased rate (70.0%), for are
population participants) assessors refusers prevalence, described
described subgroup
analysis
Rosero-Bixby et al, 2009428 Vv v Vv Vv \ x,V x,V v 7.0
Galban et al, 200921 X X v v X V,x x,\ v 4.0
Boulos et al, 2016242 v v v v v V,x x,V v 7.0
Gray et al, 2017243 \ v \ v v X, X x,V \ 6.5
Parentoni et al, 2013429 x x X v x V,x x,V \ 3.0
Bastone et al, 2015430 X X X v X A X, X v 3.0
Cakmur et al, 2015375 x x x v x V,x X, X i 2.5
Sampaio et al, 201543 x X x v x X, X X, X i 2.0
Zainuddin et al, 2017432 X X X v X X, X x,\ v 2.5

V- Criteria is satisfied; x- Criteria is not satisfied/ not documented; N/A- Not applicable
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Appendix 3 Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among community-

dwelling older adults in LMICs

Authors and
year of
publication

Data
source/study
setting/time

period
Population
Study of
Physical Activity
and Aging
(EPAFE), City of
Uberaba, Minas
Gerais
Conducted from
May to August
2010
SABE study
(Wave 2-2006)
Survivors from
baseline study
(2000) and new
participants of
the second
wave
Sdo Paulo
Epidemiological
study titled
Nutritional
status, risk
behaviours and
health
conditions of
the elderly
people of
Lafaiete
Coutinho-BA
Urban area

Country

Tribess et al, Brazil

201220

De Andrade Brazil
etal,

2013400

Junior et al, Brazil

201422

Study
design

Cross-
sectional
study

Cross-
sectional
study with
SABE data

Cross-
sectional
study

Effective = Female @ Participants’ Sampling
sample % mean technique
age/Age
range (years)
622 65 > 60 Random
(71.0£7.7) sampling
60-96
1,374 59.7 > 60 Cluster
sampling
286 54.2 > 60 Census of
all older
adults in
the area

409

Frailty Prevalence (%),
assessment 95% CI
method frailty pre-
frailty
Fried 19.9 49.8
phenotype*
Fried 8.5 40.7
phenotype*
Fried 23.8 58.7
phenotype*

Study strengths
reported by the authors

1. Sociodemographic
characteristics of the
elderly in this study are
similar to those reported
in surveys in Latin
America. This indicates
the potential
generalisation of the
present results to other
populations.

1. Use of a large
representative sample of
community-dwelling
elderly increases the
generalisability of
results; 2. Frailty was
measured using a well-
defined method.

Study limitations
reported by the
authors

1. The measurements
of self-perception
might have influenced
by the low
educational level of
participants and their
motivational aspects.

1. Use of self-reported
data on physical
activities may
introduce biases that
are difficult to control.

1. Some instruments
used in this study
required subjective or
self-reported
information that can
be possibly lead to
memory bias.
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Authors and

year of
publication

Pegorari et
al, 201423

Corona et
al, 2015422

Santos et al,
20152

Country

Brazil

Brazil

Brazil

Data
source/study
setting/time

period
Urban area of the
city of Uberaba,
MG

SABE study (Wave
3-2010),

Survivors from
baseline (2000)
and second wave
(2006) and new
participants of the
third wave

Sdo Paulo
Database called
“Identifying the
health disease
process enrolled
population at the
Family Health
Units”

Pau Ferro,
municipality of
Jequie/BA
Conducted from
May to November
2013

Study design

Cross-sectional
observational
and analytical
household
survey

Cross-sectional
population-
based study

Observational
cross-sectional
study

Effective = Female Participants’
sample % mean
age/Age
range (years)
958 64.4 260
(73.746.7)
1,171 65.0 > 60
136 75.5 260
(72.318.4)
60-101

410

Sampling
technique

Stratified

proportional

sampling

Probability
sampling

Frailty Prevalence (%),
assessment 95% ClI
method frailty pre-
frailty
Fried 12.8 54.5
phenotype*
Fried 11.3 50.6
phenotype*
Fried 16.9 61.8
phenotype*

Study strengths
reported by the
authors

1. Results of the study
contribute to

expand the knowledge
of frailty syndrome
among Brazilian
elderly and support
planning and
implementation of
interventions and care
actions.

1. This study included
a large representative
sample of community-
dwelling older adults
from the largest city in
Brazil.

Study limitations
reported by the
authors
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Authors and = Country Data Study Effective = Female @ Participants’ Sampling Frailty Prevalence (%), Study strengths Study limitations
year of source/study design sample % mean technique assessment 95% CI reported by the authors reported by the
publication setting/time age/Age method frailty pre- authors
period range (years) frailty

Closs et al, Brazil Multidimensional Cross- 521 64.3 >60 Random Fried 21.5 51.1 - 1. Being a cross-

2016%% Study of the sectional (68.5 * 6.8) sampling phenotype* (17.97-  (46.81- sectional study;
Elderly in the study 25.03) 55.39) 2.Access to the study
Family Health by immobile or
Strategy (EMI- bedridden elderly
SUs) people was limited as

Conducted from
March 2011 to
December 2012

Survey on
Conditions of
Health and Use of
Health Services in

Probability
sampling

Fried
phenotype*

evaluation of frailty
and other geriatric
syndromes was
performed in an
outpatient setting
(not in their own
homes).

1. Sample size was
small and it
represented around
10.0% of the

the Territory of population of this age
Manguinhos, Rio group in the region;
de Janeiro 2.Causal inference
Municipality was not possible;
Manguinhos 3. Grip strength,

neighbourhood of
Rio de Janeiro

411

physical activity, and
gait speed, were
adapted to fit the
local reality of the
research, which may
lead to some
differences when
comparing with the
results of other
studies.



Appendix 3 continued. Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among
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Authors and
year of
publication

de
Albuquerque
Sousa et al,
2012207

dos Santos
Amaral et al,
2013208

Moreira et al,
20132

Country

Brazil

Brazil

Brazil

Data
source/study
setting/time

period
FIBRA- urban
zone of Santa
Cruz city

This study is a
part of a project
titled “Allostatic
load, frailty and
functionality in
the elderly”
Neighbourhood
Rocas, Natal
FIBRA-
Northern area
of the city of
Rio de Janeiro
Conducted from
January 2009 to
January 2010

Study design

Cross-
sectional
study

Analytical
observational
cross-
sectional
study

Cross-
sectional
descriptive
study

Effective = Female
sample % mean

age/Age

range (years)

391 61.4 >65
(74.0+6.5)
65-96

295 67.3 265
(74.36.9)
65-100

754 66.9 >65
(76.6£6.9)

412

Participants’

Sampling
technique

Random
sampling

Inverse
random
sampling
stratified
by gender
and age

Frailty
assessment
method

Fried
phenotype*

Fried
phenotype*

Fried
phenotype*

Prevalence (%),

95% Cl
frailty pre-
frailty
17.1 60.1
18.6 55.3
9.5 47.5

Study strengths
reported by the
authors

1. Sample is
representative;
2.Low percentage
of refusals.

Study limitations reported
by the authors

1. Adapted version of the
Minnesota Questionnaire
of Physical Activities and
Leisure was used in this
study as original
questionnaire did not
match with Brazilian
cultural context. The used
cut-off point (20t
percentile), might have
underestimated the low
physical activity frailty
component in this study.

1. An adapted version of
Minnesota Questionnaire
of Physical Activities and
Leisure was used in this
study. However, it was
problematic as reference
activities in the
questionnaire are atypical
in Brazilian culture. This
may lead to errors in
estimating the weekly
caloric expenditure.
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Authors and
year of
publication

Neri et al,
20132

Vieira et al,
201321

Country

Brazil

Brazil

Data
source/study
setting/time

period
FIBRA Seven
cities
Belem
Parnaiba
Campina
Grande
Pocos de Caldas
Ermelino
Matarazzo, Sao
Paulo
Campinas
Ivoti

FIBRA-Belo
Horizonte,
Minas Gerais
State
Conducted from
December 2008
to September
2009

Study
design

Population-
based
cross-
sectional
study

Effective
sample
3,413
720
431
395
388
384

898
197

601

Female

%

67.6

69.5

70.1

61.4

67.2

69.3
70.1

66.2

Participants’ Sampling Frailty
mean technique assessment
age/Age method
range (years)
> 65 Probability Fried
sampling phenotype*
73.9
> 65 Probability Fried
(74.316.4) sampling phenotype*

413

Prevalence (%), Study strengths
95% CI reported by the
frailty pre- authors
frailty

9.0 51.9 1. Measures were
taken to avoid the

10.8 48.2 systematic

9.7 55.5 distortions of data.

8.9 51.4 i.e. encouraging
participation of the

9.3 53.4 | elderly;

8.1 54.9 2. Standardisation
of procedures,
instruments and

7.7 52.2 equipment;

2.6 47.7 3. A comprehensive
training was given
staff in all locations;
4. Procedures were
adopted to ensure
greater reliability of
data entered in the
electronic
databases.

8.7 46.3 -

Study limitations reported
by the authors

1. More female
representation in the
study sample limited the
generalisability of results;
2.Loss of information
during the data collection
could affect the reliability
of data; 3. Study
participation in Ivoti was
lower than expected due
to the problems of time
and transport;

4. Selection of older adults
without cognitive
impairment and required
to attend to the data
collection site by their own
might have introduced the
survival bias into the
study.

1. Fried Phenotype limited
the evaluation of possible
frail elderly with cognitive
impairment, gait
restriction, and severe
motor sequale;

2. Minnesota
Questionnaire of Physical
Activities and Leisure is
not fitting with the
Brazilian cultural context.
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Authors and
year of
publication

Ricci et al,
2014212

Silveira et al,
2015283

Calado et al,
2016214

Augusti et al,
2017%%

Country

Brazil

Brazil

Brazil

Brazil

Data
source/study
setting/time

period
FIBRA- Barueri
and Cuiaba
urban
municipalities

Uberaba, Minas
Gerais
Conducted from
July to October
2011
FIBRA-Ribeirdo
Preto, state of
Sdo Paulo

Amparo in the
state of Sao
Paulo

Study design

Cross-
sectional
population-
based study

Analytical
observational
cross-
sectional
study

Cross-
sectional
study

Cross-
sectional
study

Effective
sample

761

385

306

Female @ Participants’
% mean
age/Age
range (years)
64.3 > 65
(71.945.9)
59.3 > 65
(72.946.0)
64.7 265
(73.9+6.5)
60.2 265
(72.6£5.7)

Sampling Frailty Prevalence (%), Study strengths
technique assessment 95% ClI reported by the
method frailty pre- authors
frailty

Census of Fried 9.7 48.0 -
older adults | phenotype*
in 27
census
tracts
Random Fried 11.1 46.2 -
sampling phenotype*
Random Fried 9.1 49.6 -
sampling phenotype*
Random Fried 21.5 71.6 -
sampling phenotype*

414

Study limitations
reported by the authors

1. The Fried phenotype
used in this study
comprised of physical
frailty and not included
other markers such as
cognitive decline and
psychosocial aspects.

1. Cross-sectional
nature of this study does
not allow to establish
any temporal
relationship between
the variables; 2. Cross-
sectional study design is
subjected to survival
bias, which could lead to
underestimation of the
associations observed;
3. This study has
excluded patients who
were already known to
be dependent. This
might have affected the
prevalence of frailty.
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Authors and
year of
publication

Ferriolli et al,
201746

Grden et al,
201743

Ocampo-
Chaparro et
al, 201327

Country

Brazil

Brazil

Colombia

Data
source/study
setting/time

period
Recife

Juiz de Fora

Fortaleza

Area covered by
three basic
health units
belong to the
Boa Vista
Sanitary
District, in the
city of Curitiba,
Parand
Conducted from
January 2013 to
September
2015

Commune 18,
City of Cali
(urban area)
Conducted in
2009

Study
design

Cross-
sectional
study

Cross-
sectional
study

Population-
based
cross-
sectional
study

Effective
sample

556
412

481

243

314

Female
%

70.6

69.6

67.9

66.3

64.3

Participants’ Sampling
mean technique
age/Age
range (years)
> 65 Probability
(73.916.8) sampling
265
(74.246.6)
> 65
(74.8+7.2)
>80 Proportional
(84.413.8) stratified
sampling
> 60 Single stage
cluster
sampling

415

Frailty
assessment
method

Fried
phenotype*

Fried
phenotype*

Fried
phenotype*

Prevalence (%),

95% Cl

frailty pre-

frailty
121 66.9
15.5 63.1
10.4 63.6
14.8 63.8
12.7 71.3

Study strengths
reported by the
authors

Study limitations reported
by the authors

1. Itis difficult to establish
causal relationships
between study variables;
2. The method used to
assess body composition
of older adults in this
study is debatable.

1. Itis difficult to establish
causal relationships
between study variables
due to the cross-sectional
nature of the study;

2. Study sample only
represented the local
community, and therefore
the results cannot be
extrapolated to other
territories.

1. This study was
conducted in a localised
area and not in the entire
city of Cali; 2. Study
population did not include
rural or institutionalised
older adults. Hence it
limits the external validity
of the study findings.
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Authors and
year of
publication

Curcio et al,
2014218

Samper-
Ternent et al,
201622

Country

Colombia

Colombia

Data
source/study
setting/time

period
Four villages
located in the
coffee growing
zone of the
Andese
mountains,
(rural area)
Conducted in
2005

Data from
Salud
Bienestary
Enve-
Jecimiento
(SABE) Bogota
study

Both urban and
rural areas of
Bogota

Data were
collected in
2012

Study
design

Cross-
sectional
study

Cross-
sectional
survey

Effective = Female @ Participants’ Sampling
sample % mean technique
age/Age
range (years)
1,878 52.2 > 60 Voluntary
(70.917.4) participation
1,442 61.0 260 Probability
(70.77.7) sampling by
clusters with
block

stratification

416

Frailty
assessment
method

Fried
phenotype*

Fried
phenotype*

Prevalence (%),

95% Cl
frailty pre-
frailty
12.2 53.0
9.4 52.4

of frailty and pre-frailty among

Study strengths
reported by the authors

1. Large sample size;

2. Study used a
comprehensive set of
measurements; 3. First
study that measured the
prevalence of frailty in
older adults living in
rural areas in the Latin
American and Caribbean
region; 4. This study
established the
relationship between
frailty, higher prevalence
of chronic conditions
and disabilities among
elderly people in Latin
America.

1. First population-based
study with adults aged
260 years in Colombia to
explore the conditions
that affect their health
and quality of life; 2.
Study followed
international guidelines
previously used in other
capital cities in Latin
America (with
modifications to fit the
social and historical
situation of Colombia).

Study limitations
reported by the
authors

1. Modification of
the frailty
phenotype
definition could
have introduced
bias to the analysis;
2. Alarge
proportion was
excluded from this
study as there was
missing data for
construction of
frailty and
sarcopenia variables
(n=558).
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Authors and
year of
publication

Country

Samper-
Ternent et al,
20162% cont.

Garcia-Pena Mexico

et al, 2016%

Sanchez- Mexico
Garcia et al,

2017%°

Data
source/study
setting/time

period

Mexican Health
and Aging Study
(MHAS)

Wave 3
Conducted in
2012

Baseline
assessment
““Cohort of
Obesity,
Sarcopenia and
Frailty of Older
Mexican

Study
design

Secondary
analysis

Cross-
sectional
analysis

Effective = Female @ Participants’ Sampling
sample % mean technique
age/Age
range (years)
1,108 54.6 > 60 Probability
(69.8+7.6) sampling
1,252 59.9 >60 Random
(68.5+7.2) sampling

417

Frailty
assessment
method

Fried
phenotype*

Frailty index-
32 variables

Fried
phenotype*

Prevalence (%),
95% CI
frailty pre-

frailty

Study strengths
reported by the
authors

1.Used constructs in
this study have been
previously validated in
similar populations to
assessed frailty.

24.9 61.0 1. Alarge
comprehensive
dataset; 2. Use of
previously validated
frailty assessments.
(Fried phenotype and

frailty index)

27.5 -

11.2 50.3 -

Study limitations
reported by the authors

1. Excluded individuals
were significantly
different from study
population which could
introduce bias to this
study; 2. Some data are
self-reported so recall
bias could affect the
results.

1. The cut-off value of
frailty index was
arbitrary although it was
based on previous
research; 2. Frailty index
included 32 deficits as
self-rated hearing and
abdominal pain were
not available in the 2012
wave, 3. Categorisation
of physical activity in
Fried phenotype was
different from previous
reports.

1. Cross-sectional design
does not allow to
establish a causal
relationship between
frailty and quality of life
of elderly included in
this study.
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Authors and Country Data Study Effective = Female @ Participants’ Sampling Frailty Prevalence (%), Study strengths Study limitations
year of source/study design sample % mean technique assessment 95% ClI reported by the reported by the authors
publication setting/time age/Age method frailty pre- authors
period range (years) frailty
Sénchez- Adults”
Garcia et al, (COSFOMA)
201722 cont. Mexico city
Conducted from
April to
September
2014
Moreno- Mexico Rural Frailty Cross- 657 52.9 270 Random Fried 11.9 51.9 1. Use of Fried 1. Cross-sectional design
Tamayo et al, Study sectional (76.3 £3.3) sampling phenotype* phenotype frailty does not allow for
201722 (Prospective study assessment. drawing conclusions
study) about the direction of
Follow up data causality.
collected in
2013
Chenetal, China Data from a Cross- 604 57.9 > 60 Convenience Fried 12.7 56.5 - 1. Data must be
201522 cross-sectional sectional (70.616.8) sampling phenotype* interpreted with
study, study 60-91 caution: the number of
Comprehensive the participants was
Geriatric below 1000, although
Assessment and the study population
Healthcare was representative of

Service Study
Chengdu and

the 260 years old
community-dwelling

Suining, adults in this specific
Southwest area; 2. Information
China about diseases and
Conducted from some of the frailty items
October 2010 were taken through self-
to August 2012 reported

418

questionnaires;
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Authors and Country Data Study Effective = Female @ Participants’ Sampling
year of source/study design sample % mean technique
publication setting/time age/Age
period range (years)
Chenetal,
2015?22 cont.
Wu et al, China The China Baseline 5,290 49.0 >60 Multistage
201723 Health and survey of an (69.2+7.0) probability
Retirement ongoing sampling
Longitudinal longitudinal
Study study
28 provinces in
China

(2011-2012)

419

Frailty

assessment

method

Fried
phenotype*

Prevalence (%),

95% Cl
frailty pre-
frailty
6.3 51.3

Study strengths
reported by the authors

1. First study that
utilised the Fried
phenotype of frailty
scale to examine
prevalence of frailty in a
nationally
representative sample of
non-institutionalised
Chinese adults aged 260
years; 2. Constructed
cut-off points to define
frailty for Fried
phenotype components
based on Chinese elders;
3. first study that
examined the regional
variation in frailty in
mainland China;

Study limitations
reported by the
authors

3. Older people who
refused to participate
had lower level of
functionality which
might have caused
non-response bias or
selection bias; 4. This
study only included
Han people.
Therefore,
conclusions might not
be generalisable to
other ethnic
populations.

1. Non-inclusion of
nursing home
residents could have
underestimated the
prevalence of frailty
among the entire
Chinese elderly
population. However,
it is worthy to note
that only 1.5% of
older adults live in
nursing homes in
China; 2. All five frailty
components were
only measured once.
These measures may
vary over time;
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Authors and Country Data Study Effective = Female @ Participants’ Sampling Frailty Prevalence (%), Study strengths Study limitations reported
year of source/study design sample % mean technique assessment 95% CI reported by the by the authors
publication setting/time age/Age method frailty pre- authors
period range (years) frailty
Wu et al, 4. First study that 3. Unable to establish a
201722 cont. investigated the causal associations
association of between frailty and
biomarkers with chronic conditions and
frailty among disability since this study is
Chinese older a cross-sectional analysis
adults.
Dong et al, China Jinan City, Cross- 1,188 69.1 >60 Multistage Fried 3.9 459 - 1. Generalisation of study
20177 Shandong sectional (69.56.7) stratified phenotype* results should be done
Province, study 60-95 sampling cautiously because the
Eastern China study participants were
Conducted from just from one city in China.
July to 1,215 69.5 17.4 215
December 2016
Wang et al, China Changsha city - 316 48.1 > 65 - Fried 14.2 49.1 1. Participants were | 1. Individuals were
20152 and its (75.6+4.8) phenotype* recruited from a originally excluded from
surrounding (males) community-based this study based on several
area elderly population. health conditions. This
Conducted from (76.915.2) might have biased the
August 2012 to (females) results towards an
August 2014 underestimation of the

risk of frailty associated
with sarcoosteopenia.

420
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Authors and
year of
publication

Badrasawi et
al, 201722

Kashikar et al,
2016%%

Gurina et al,
20118

Country

Malaysia

India

Russia

Data
source/study
setting/time

period
Neuroprotective
model for healthy
longevity among
Malaysian older
adults
Conducted from
5th July 2013 to
22nd February
2014
Warje-
Karvenagar, Pune
city
Data from
“Crystal”
prospective
cohort study
Kolpino district of
St. Petersburg
Conducted from
March to
December 2009

Study Effective = Female = Participants’
design sample % mean
age/Age
range (years)
Part of a 473 55.6 260
longitudinal (68.215.8)
study
Cross- 250 50.0 265
sectional (73.9t+ 6.4)
study
Cross- 611 71.7 265
sectional (75.145.9)
study

421

Sampling
technique

Multistage
random
sampling

Multi stage
random
sampling
Random
sampling
stratified
by age

Frailty
assessment
method

Prevalence (%),

95% ClI
frailty pre-
frailty
Fried 8.9 61.7

phenotype*

Fried 26.0 63.6

phenotype*
Fried 21.1 63.0
phenotype*
(whole study
population)
Fried
phenotype*
(adjusted for
MMSE score
<18,
Parkinson’s
disease, and
stroke)
Steverink—
Slaets model,
Groningen
Frailty
Indicator

17.9 65.5

32.6 24.7

Extended 439 429

Puts model

Study strengths
reported by the
authors

1. This analysis
provided a better
understanding of the
health status of older
adults in Russia.

Study limitations
reported by the
authors

1. Use of original
Fried’s cut-off values
for grip strength and
gait speed; 2. Causal
relationships should
be interpreted with
caution since the
study is cross-
sectional.

1. Cross-sectional
analysis is not
adequate as this
phenotype is more
dynamic than static;
2. The tested frailty
models in this study
were modified by
using proxies for some
of the original
indicators; 3. Findings
can be generalised to
the whole population
of St. Petersburg only
with caution, the
Kolpino district
represents one of the
18 districts of the city.
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Authors and
year of
publication

Alvarado et
al, 2008228

Aguilar-
Navarro et al,
201522

Country

Barbados
Brazil
Chile
Cuba

Mexico

Mexico

Data
source/study
setting/time

period
Health, Wellbeing
and Ageing study
(SABE) study
Conducted from
1999 to 2000
Bridgetown,
Barbados
Sdo Paulo, Brazil
Santiago de Chile,
Chile
Havana, Cuba
Mexico, DC,
Mexico
Subset from
Mexican Health
and Aging Study
(MHAS)
Wave 1
Conducted in
summer of 2001

Study design

Multi centric
cross-
sectional
study

Longitudinal
study (cross-
sectional
data)

Effective
sample

7,334

1,446

1,879
1,220

1,726
1,063

5,644

Female

%

61.1

59.3
66.1

62.7
60.4

53.6

Participants’

mean
age/Age

range (years)

>60

>60
(68.7+6.9)

422

Sampling Frailty Prevalence (%),
technique assessment 95% CI
method frailty pre-
frailty
Multi- Fried - -
staged phenotypet
sampling
26.7 54.4
40.6 48.8
42.6 51.4
39.0 51.6
395 49.0
Random Fried 37.2 51.3
sample phenotypet

Study strengths
reported by the
authors

1. Population-
based design;
2. Study sample
size is large.

Study limitations
reported by the authors

1. Operationalisation of
Fried phenotypic criteria
is different from the
original Cardiovascular
Health Study (CHS);

2. possible background
risk differences (cultural
and other social
biological factors) might
have limited the
comparison of this study
results with other
studies.

1. Operationalisation of
Fried phenotypic criteria
is different from the
original CHS™, The
original

metrics were not
available in the MHAS
cohort. It could have
resulted possible
overestimation of
prevalence of frailty.
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Authors and

year of
publication

Avila-Funes
et al, 201623°

Sanchez-
Garcia et al,
20145t

Akin et al,
20156

Country

Mexico

Mexico

Turkey

Data
source/study
setting/time

period
Subset of Mexican
Study of
Nutritional and
Psychosocial
Markers of Frailty
(prospective
cohort study)
Coyoacan cohort
Conducted from
April 2008 to July
2009
Data from Study
on Aging and
Dementia in
Mexico (SADEM)
Conducted from
September 2009
to March 2010
Kayseri (urban
area)
Data of Kayseri
Elderly Health
Study (KEHES)
Kayseri
Conducted from
August to
December 2013

Study
design

Cross-
sectional
study using
the data of
prospective
cohort
study

Not
mentioned
in the
article

Cross-
sectional
population-
based
study

Effective

Female
sample %

Participants’
mean
age/Age
range (years)

927 54.9 270
Median age-
76.5
70.3-104.4

1,933 58.0 260
70.1+7.1
(females)
71.7£7.4
(males)

848 50.6 >60
(71.5%5.6)

897

423

Sampling
technique

Random
sampling
stratified
by age-and
sex

Random
sample
from
original
database

Stratified
random
sampling
and any
Individual
older than
60 years
who
requested
to
participate
was also
included.

Frailty Prevalence (%),
assessment 95% CI
method frailty pre-
frailty
Fried 14.1 37.3
phenotypet
Fried 15.7 333
phenotypef
Fried 27.8 34.8
phenotypef
FRAIL scale 10.0 45.6

of frailty and pre-frailty among

Study strengths
reported by the
authors

1. A population-based
sample, from a cohort
specifically designed
to identify the
correlates of frailty.

Study limitations
reported by the
authors

1. Recruitment was
carried out in only one
district of Mexico city,
therefore these
results might not be
representative of rural
areas of Mexico.

1. Definitions used to
evaluate frailty and
pre-frailty.

1. Absence of physical
activity in this study
might have under- or
over- estimated the
prevalence of frailty;
2. Study sample
comprised of a
relatively small
sample of elderly
participants aged > 85
years.



Appendix 3 continued. Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among
community-dwelling older adults in LMICs

Authors and Country Data Study Effective = Female = Participants’ Sampling Frailty Prevalence (%), Study strengths Study limitations
year of source/study design sample % mean technique assessment 95% ClI reported by the reported by the
publication setting/time age/Age method frailty pre- authors authors
period range (years) frailty
Zhu et al, China Cross-sectional - 1,478 53.0 >70 Random Fried 12.0 429 1. The study -
2016732 data from the (75.343.9) sampling phenotypet participants were
ageing arm of 70-84 randomly selected
the Rugao with a higher response
Longevity and rate (91.2%)
Ageing Study representing
31 villages in approximately 16.0%
Jiang’an of the elderly in
township, Jiang’an township.
Rugao city Therefore findings
Conducted from from such a
November 2014 representative
to December population-based
2014 sample might be
generalisable to most
elderly people in
China.
Jotheeswaran China 10/66 Dementia = Cross- 265 Census Fried 17.5 - 1. Study was 1. Hand grip strength
et al, 2015% Mexico Research sectional (74.117.0) phenotypef conducted with large was not measured in
Peru Cuba = Group’s (10/66 survey population-based this study. Hence
Dominican DRG) cohorts in Latin physical frailty
Republic population- Multi 29.1 - America, India, and construct was only an
Venezuela based studies of dimentional China allowing to approximation to the
India ageing and frailty model assess the consistency | original Fried
dementia in or cultural specificity definition. The impact
LMICs of the observed of this omission is
Data were Associations; study difficult to assess.
collected design was
between 2003 prospective, limiting
and 2007 information bias with

424

modest attrition.



Appendix 3 continued. Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among
community-dwelling older adults in LMICs

Authors and Country Data Study Effective = Female = Participants’ Sampling Frailty Prevalence (%), Study strengths Study limitations
year of source/study design sample % mean technique assessment 95% CI reported by the reported by the
publication setting/time age/Age method frailty pre- authors authors
period range (years) frailty
Jotheeswaran China (Urban) 989 56.6 (74.116.3) Fried 7.8 - 1. In this study, -
etal, 2015% China (Rural) 1,002 55.5 (72.4+6.0) phenotypet 8.7 - walking speed, under
cont. Cuba (Urban) 2,637 65.0 (75.27.1) 21.0 - nutrition, cognitive
Dominican 1,706 66.3 (75.417.6) 34.6 - impairment, visual
Republic and auditory
(Urban) impairment were
India (Urban) 748 57.2 (71.446.1) 11.4 - measured objectively.
Mexico (Urban) 909 66.5 (74.416.6) 10.1 -
Mexico (Rural) 933 60.9 (74.116.6) 8.5 -
Peru (Urban) 1,245 64.7 (75.0+7.4) 25.9 -
Peru (Rural) 507 53.2 (74.117.3) 17.2 -
Venezuela 1,697 63.2 (72.316.8) 11.0 -
(Urban)
China (Urban) 989 56.6 (74.116.3) Multi 11.3 -
China (Rural) 1,002 55.5 (72.416.0) dimentional 22.5 -
Cuba (Urban) 2,637 65.0 (75.247.1) frailty model 33.7 -
Dominican 1,706 66.3 (75.447.6) 47.8 -
Republic
(Urban)
India (Urban) 748 57.2 (71.416.1) 26.1 -
Mexico (Urban) 909 66.5 (74.416.6) 22.9 -
Mexico (Rural) 933 60.9 (74.116.6) 36.2 -
Peru (Urban) 1,245 64.7 (75.07.4) 28.2 -
Peru (Rural) 507 53.2 (74.117.3) 25.6 -
Venezuela 1,697 63.2 (72.316.8) 20.0 -
(Urban)
Fhon et al, Brazil Municipality of Cross- 240 62.9 > 60 Two stage Edmonton 39.2 24.6 - -
201223 Ribeirao Preto, sectional (73.518.4) conglomerate | frail scale
Sao Paulo study sampling
Conducted from
Nov 2010 to
February 2011

425



Appendix 3 continued. Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among
community-dwelling older adults in LMICs

Authors and
year of
publication

Agreli et al,
20132+

Duarte et al,
2013%5

Del Brutto et al,
2016%¢

Country

Brazil

Brazil

Ecuador

Data
source/study
setting/time

period
Embu, City in
metropolitan
region of Sao
Paulo
Conducted
from June to
July 2010
This study is a
sub project of
the survey
“Living
conditions,
health and
ageing: a
comparative
study”
City of Joao
Pessoa, the
state capital of
Paraiba
Conducted
from
April to June
2011
Atahualpa, a
rural village of
costal Ecuador

Study design

Observational
descriptive
cross-sectional
study

Cross-sectional
study

Population-
based cross-
sectional study

Effective Female
sample %

Participants’
mean
age/Age
range (years)

103 62.1 260
(68.9£7.8)
60-103

166 100.0 260
(73.0+6)
60-96

298 57.0 > 60
(70.08.0)

426

Sampling
technique

Simple
random
sampling

Two staged
cluster
sampling

Individuals
identified
through
yearly
door-to-
door survey

Frailty Prevalence (%),
assessment 95% ClI
method frailty pre-
frailty
Edmonton 30.1 22.3
frail scale
Edmonton 39.2 21.7
frail scale
Edmonton 31.2 22.0
frail scale

Study strengths
reported by the
authors

1. Population-based
design; 2. Lack of
selection bias; 3.
Used a reliable
instrument to
identify frailty.

Study limitations
reported by the
authors

1. Older adults who
did not respond to
the clock drawing
test were unable to
classify for their
degree of frailty.



Appendix 3 continued. Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among
community-dwelling older adults in LMICs

Authors and Country Data Study design Effective = Female Participants’ Sampling Frailty Prevalence (%), Study strengths Study limitations
year of source/study sample % mean technique assessment 95% ClI reported by the reported by the
publication setting/time age/Age method frailty pre- authors authors
period range (years) frailty
Fabricio-Wehbe Brazil Ribeirao Preto, - 137 74.5 265 Probability Edmonton 31.4 20.4 - -
et al, 2009%2 Sao Paulo (75.318.0) sampling frail scale
Conducted 65-100
from
September
2007 to June
2008
Carneiro et al, Brazil City of Montes Cross- 511 64.0 >65 Two stage Edmonton 41.3 - 1. This study 1. Losses or refusals
2016%7 Claros, northern | sectional (74.0+7.1) cluster frail scale included a were compensated by
Minas Gerais study sampling representative adding new older
Conducted sample. adults. However,
from May to more active older
July 2013 adults who were
probably without
frailty were not found
at home during the
visits. This can limit
the generalisability of
findings; 2. Cross-
sectional nature of the
study does not allow
to establish temporal
relationships among
the observed
associations.
Bennett et al, China Longevity Study = Secondary 6,300 - 80-99 - Frailty FI< 0.05-15.0 - 1. The baseline cohort
201344 (CLHLS) analysis index 0.05< FI< 0.15-53.2 included 36.0%
22 provinces of 38 deficits 0.15< FI£ 0.25-20.2 centenarians and they

China

427

0.25< FI<0.35-6.7
0.35< FI<0.45-3.3
FI >0.45-1.6

have been excluded
from this analysis.
Hence, results should
be interpreted with
caution.



Appendix 3 continued. Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among
community-dwelling older adults in LMICs

Authors and Country Data Study Effective Female = Participants’ Sampling Frailty Prevalence (%), Study strengths Study limitations
year of source/study design sample % mean technique assessment 95% CI reported by the reported by the
publication setting/time age/Age method frailty pre- authors authors
period range (years) frailty
Woo et al, China Data from Beijing - > 65 Multistage Frailty index 17.0 - - -
2015%8 Longitudinal 6,320 61.5 74.615.6 cluster 34 variables
Study of Aging Il (urban) (males) sampling
(BLSA 1) 73.845.2
(females)
Three urban 978
districts (Xuanwu, (rural) 57.2 (74.845.7) 5.2
Xicheng and (males)
Dongcheng) and (73.945.0)
one rural county (females)
(Shunyi)
from the 18
administrative
districts or
counties in
Beijing.
Participants were
recruited from
July to November
2009
Hao et al, China Data from Project Cross- 767 68.0 > 90 Based on a Frailty index 61.8 1. Frailty index does 1. Data needed to
20164 of Longevity and sectional (93.713.4) census of 35 variables not rely on specific be interpreted
Aging in study 90-108 older set of variables. with caution. The
Dujiangyan people Hence evaluation of | number of
Dujiangyan above 90 frailty is more participants who
region, Sichuan years feasible. gave the consent
province was limited;
2. The study

428

population clearly
represented a
survivor group.



Appendix 3 continued. Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among

community-dwelling older adults in LMICs

Authors and
year of
publication

Sathasivam et
al, 2015%*

Garcia-
Gonzalez et
al, 2009426

Perez-Zepeda
et al, 201624

de Leon
Gonzalez,
201547

Country

Malaysia

Mexico

Mexico

Mexico

Data
source/study
setting/time

period
Urban district

Mexican
Health and
Aging Study
(MHAS)
Wave 1

Nationwide
survey
representing
urban and
rural areas,
Mexican
Survey on
Nutrition and
Health
(ENSANUT),
2012
Mexican
Health and
Aging Study
(MHAS)
Wave 1

Study
design

Multistage
cross-
sectional
study

Follow up
study

Cross-
sectional
analysis

Effective
sample

789

4,082

7,108

4,729

Female  Participants’ Sampling
% mean technique
age/Age
range (years)
59.4 > 60 Multi stage
(69.617.2) random
sampling
52.5 265 Probability
(73.0) sampling
54.7 > 60 Multistage
(70.718.1) stratified
sampling
- >60 Probability
sampling

429

Frailty
assessment
method

Frailty index
40 variables

Frailty index
(FI)-34
variables

Frailty index-
44 variables

FRAIL scale

Prevalence (%), Study strengths
95% CI reported by the
frailty pre- authors
frailty
5.7 67.7 1. Population-based
study.
5 Fl levels -
.00-.07-17.4
.07-.14-30.8
.14-.21-24.0
.21-35-21.4
.35-.65-6.5
45.2 - -
10.4 44.8 1. Study sample

comprised of a large
number of males
and females living in
the community.

Study limitations reported
by the authors

1. There are no normative
values that have been
consensually established
to date to define severity
of frailty levels in
Malaysia; 2. Findings
cannot be generalised to
other ethnic groups from
similar middle-income
countries.

1. Participants who did not
complete the performance
measures in the
population study, and did
not include in the present



Appendix 3 continued. Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among
community-dwelling older adults in LMICs

Authors and Country Data Study design Effective = Female @ Participants’ Sampling Frailty Prevalence (%), Study strengths Study limitations
year of source/study sample % mean technique assessment 95% CI reported by the reported by the
publication setting/time age/Age method frailty pre- authors authors
period range (years) frailty
de Leon analysis are expected
Gonzalez, to be less healthy and
2015 cont. more likely to die.
This increases the
possibility of survival
bias.
Rosero-Bixby Costa- Costa Rican - 2,704 - > 60 Random Physical 17.8 - - -
et al, 2009428 Rica Study on sampling frailty using (60-79
Longevity and five physical years
Healthy Aging tests 57.0 -
(CRELES) (80+
years)
Galban et al, Cuba Antonio Observational 541 58.0 > 60 - Geriatric 51.4 - - -
2009%* cont. Maceo, Cerro | descriptive Functional
municipality, cross- Assessment
Havana, Cuba = sectional Scale was
Data were study applied to
collected in classify the
2005 participants
to frail and
non-frail
groups
according to
Cuban frailty
criteria
Boulos et al, Lebanon Rural areas Cross- 1,120 50.8 > 65 Multi stage | Study of 36.4 30.4 1. Results may be 1.Self-reported
2016242 Conducted sectional (75.717.1) cluster Osteoporotic generalisable to rural information might be
from March study sampling Fractures Lebanese elderly as affected by memory

2011 to 2012

430

(SOF) frailty
index

this study involved a
large

representative sample
with high response
rate.

and education bias
due to educational
disparities.



Appendix 3 continued. Characteristics of the studies included in the systematic review of prevalence of frailty and pre-frailty among

community-dwelling older adults in LMICs

Authors and Country Data Study Effective = Female = Participants’ Sampling Frailty Prevalence (%),
year of source/study design sample % mean technique assessment 95% ClI
publication setting/time age/Age method frailty pre-
period range (years) frailty
Boulos et al,
2016%* cont.
Gray et al, Tanzania = Six villages in Follow up 941 55.8 >70 Census of | Brief Frailty 4.6 134
2017%4 the rural Hai cohort (77.2+ 6.4) selected Instrument
District of villages for Tanzania
northern (B-FIT)
Tanzania

*Fried phenotype with five criteria-weakness and slowness assessed using objective tests.
TFried Phenotype with five criteria-weakness and slowness assessed using self-reported questions (subjective).
$Fried Phenotype with four criteria.
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Study strengths
reported by the
authors

1.First study to report
the prevalence and
associated factors of
frailty in community-
dwelling Lebanese
older adults; 2. Data
collection for frailty
was based on a widely
used and well
validated instrument.

1. The screening tool
proposed in this study
could be administered
without the need of
any specialist
knowledge or training
and may be suited for
use in low-resource
settings.

Study limitations
reported by the authors

1.Cognitive impairment
might have affected the
accuracy

of the SOF frailty index
and underestimated the
frailty; 2. Widely used
Fried phenotype was
not used in this study
due to the

difficulty of performing
the walking test
(possible space
constraints and lack of
standardised conditions
in Lebanese rural
households.)

1. The B-FIT requires
further assessment of
its face, content, and
constructs validity, and
the inclusion of a
broader range of items
should be considered.



Appendix 4 Pooled prevalence of frailty and pre-frailty by sex: a comparison

between upper middle-income and high-income countries

Data was available from six studies conducted in upper middle-income countries
corresponding to total of 2,608 male and 5,071 female participants. The pooled
prevalence of frailty in males and females in upper-middle-income countries was
10.1% (95% Cl=6.0, 15.0%, 12 =85.7%, p<0.001) and 16.2% (95% Cl= 10.1, 23.4, |2
=95.0%, p<0.001) respectively. The pooled prevalence of pre-frailty in males and
females in upper-middle-income countries was 54.1% (95% Cl=44.9, 63.3%, I?
=91.1%, p<0.001) and 56.4% (95% CI=51.0, 61.8%, |1 =85.5%, p<0.001)

respectively.

Total of 12,747 male participants from seven studies and 13,480 female
participants from six studies were available from HICs. The pooled prevalence of
frailty in males and females in HICs was 6.6% (95% CI=4.8, 8.7%, 1°> =93.6%,
p<0.001) and 9.6% (95% Cl=6.4, 13.4%, 1> =97.4%, p<0.001) respectively. The
pooled prevalence of pre-frailty in males and females in HICs was 42.6% (95%
Cl=39.3, 46.0%, 1> =89.9%, p<0.001) and 45.9% (95% Cl=43.5, 48.3, 1> =80.0%,

p<0.001).
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Appendix 5 Data Extraction Form: Fried phenotype

Date

Data Extraction Form- Fried Phenotype

Identification

Code of the Data Collector

Divisional Secretary Division

Grama Niladhari Division

Start Time

End Time

1  Shrinking/ Unintentional weight Loss

1.1  Device ID for height and weight

1.2  Height

1.3  Weight

433

Response

First reading

Second reading

Third reading

First reading

Second reading

Third reading

Participant Identification Number

cm

cm

cm

kg

kg

kg



2 Self-reported exhaustion

Please indicate how often you have felt this way during the past week.

| felt that everything | did
was an effort

| could not get going

3 Weakness

3.1 Device ID for grip strength

3.2 Right hand

3.3 Left hand

4 Slowness

4.1 Time taken to 15 feet walk

Rarely or
none of the
time

(less than 1
day)

434

Some ora
little of the
time

(1-2 days)

Occasionally
or a moderate
amount of
time

(3-4 days)

Response

First reading

Second reading

Third reading

First reading

Second reading

Third reading

Response

First reading

Second reading

All of the
time

(5-7
days)

kg

kg

kg

kg

kg

kg



Appendix 6 Questionnaire on Health and Wellbeing of Older People in Sri Lanka

Date Participant Identification Number

Questionnaire on Health and Wellbeing of Older People in Sri Lanka

This questionnaire comprises of four (4) parts and collects information on factors
that may be related to health and wellbeing for older people in Sri Lanka.

Instructions: Please write the answer in the provided space or circle the appropriate response.
Identification

Code of the Research Assistant

Divisional Secretary Division

Grama Niladhari Division

Start Time

End Time
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Part 1- About you

Now | am going to ask some questions about you. This includes your age, sex, ethnicity, marital
status, education level, and income generation activities.

1.1  How old are you? (Age for last birth day)

................. years
1.2  Whatis your sex? Male 0
Female 1

1.3 What is your ethnicity? Sinhalese 1
Sri Lankan Tamil 2

Indian Tamil 3

Sri Lankan Moor 4

Other (please specify) 5

1.4  What is your marital status? Never-married 1
Currently married 2

Separated 3

Divorced 4

Widowed 5

Cohabiting 6

1.5 Do you have/had children? No 0
(if no go to question 1.7, if yes go to Yes 1

question 1.6)

1.6 | If yes, how many children do you have/had?
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1.7

1.8

1.9

1.10

1.11

Please state the years of education
completed.

Were you involved in a job/ income
generation activity?

(if no go to question 1.10, if yes go to
question 1.9)

What type of work was it?
(If a person has engaged in multiple

activities select the main/ longest activity
he/she involved in)

Are you currently involve in any income
generation activity?

If yes, please state it

Do you have your own monthly income? (if
no go to question 1.14, if yes go to question
1.12)

437

Never schooled: unable to read
and write

Never schooled: able to read
and write

Passed Grade 1-5

Passed Grade 6-10

Passed G.C.E. O/L

Passed G.C.E. A/L

Higher education

No

Yes

No

Yes

No

Yes



1.12 What is the type of monthly income? Pension 1

Bank deposits/interest 3
Income from property 4
Income from current job/ 5

income generation activity

Money from children 6

Government aid 7

(e.g. Samurdhi, elderly

allowance)
Other (please specify) 8
1.13 If you have your own monthly income,
please state the amount
LKR
1.14 How many members are in your household
live with you?
1.15 What is the approximate monthly income of
your household?
(Ask them to consider all the sources of
income. If the respondent lives with his/her LKR
children, verify the answer from an adult
member of the family)
1.16 How well would you say you are managing Living comfortably or doing 3
financially these days? alright
Just about getting by 2
Finding it difficult or very 1
difficult
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Part 2- Health-related information

Now | am going to ask few questions about your general health status. You will ask to show your

clinic records/ diagnosis cards if available.

2.1

Physician diagnosed
chronic health
conditions/symptoms

(Please check for the
documentary evidence;
clinic records/diagnosis
card)

Verified- verified from
the documentary
evidence

Not verified- Patient
reported health
conditions: not verified
from the documentary
evidence

Diabetes mellitus

Heart Disease (coronary heart
disease, myocardial infarction,
congestive heart failure,
arrhythmia)

Cerebrovascular disease
(stroke, transient ischaemic
attack, subarachnoid
haemorrhage)

Chronic Obstructive Pulmonary
Disease

Asthma

Any kind of arthritis

Kidney disease

Liver disease

Dementia

Cancer (please specify type)

Psychiatric/ mental disorders
e.g. depression (please specify)

Hypertension

Hyperlipidemia (high
cholesterol)

Other (please specify)
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Verified

Not
verified



2.2

2.3

2.4

2.5

2.6

Are you currently taking some drug/s regularly?

(If no go to question 2.5. If yes go to question 2.3)

Please state the type of drug/s you take.

How many drugs do you take currently?
(Check for documentary evidence)
Western

(Please include the drugs taking regularly)

Ayurvedic

How many times did you visit a healthcare provider during
last 3 months?

Please state the type of healthcare provider/s you met.

From where do you Government hospital (Western)
seek the medical

assistance generally? . . .
& v Private Medical Practices

(Western)

Government hospital
(Ayurveda)

Private Medical Practices
(Ayurveda)

Other (please specify)
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No

Yes

Western

Ayurvedic

Western &
Ayurvedic

Verified

Not
verified



2.7

2.8

2.9

2.10

2.11

How many times were you admitted to a hospital during
the last year?

(If 0 times go to question 2.9. if not go to question 2.8)

How long were you admitted for last time?

How many times did you fall during last year?

(If 0 times go to question 2.11. if not go to question 2.10)

During last year, did you suffer from an injury No 0
following the fall which required medical
attention?

Yes 1

Short FES-I: a shortened version of the Falls Efficacy Scale-international to assess fear
of falling

Now | would like to ask some questions about how concerned you are about the
possibility of falling. Please reply thinking about how you usually do the activity. If you
currently do not do the activity, please answer to show whether you think you would be
concerned about falling if you did the activity. For each of the following activities, please
state which is closest to your own opinion to show how concerned you are that you
might fall if you did this activity

Activity Not at all Somewhat Fairly Very
concerned concerned concerned concerned

(1) (2) (3) (4)

Getting dressed or
undressed

Taking a bath or shower

Getting in or out of a chair

Going up or down stairs

Reaching for something
above your head or on the
ground

Walking up or down a slope

Going out to a social event
(e.g. religious activity, family
gathering or meeting of a
society)
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2.12 Do you use any assistive devices No
(excluding glasses)?

Yes

(If no go to question 2.15. If yes go to
question 2.13)

2.13 What are the types of assistive devices Walking stick
you use?
Crutches
Walker
Wheel chair
Commode chair
Bath chair/stool

Magpnifiers

Personal alarm for call
assistance

Other (please specify)

2.14 What is the frequency of the use of Always
assistive device?

Very often

Sometimes

Rarely

2.15 Do you have a chronic pain in any part of No
your body?

(If no go to question 2.17. If yes go to

question 2.16) Yes
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2.16

2.17

2.18

2.19

2.20

How would you rate your pain in the below scale?

No pain Worst imaginable
0 1 2 3 4 5 6 8 9 10

How would you rate your vision (with Excellent 5

glasses if used)?
Very good 4
Good 3
Fair 2
Poor 1

How would you rate your hearing (with Excellent 5

hearing aids if used)?
Very good 4
Good 3
Fair 2
Poor 1

How would you describe the overall Excellent 5

condition of your teeth, dentures, or

gums? Very good 4
Good 3
Fair 2
Poor 1

How would you rate your general health? = Excellent 5
Very good 4
Good 3
Fair 2
Poor 1
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Part 3- Social activity and social support

Now | am going to ask few questions about your living arrangements, participation in social
activities, and social support.

3.1 Who do you live with? With spouse (husband, wife, 1
partner)
With children/other family 2
Alone 3
With carer 4
Other (please specify) 5

3.2 Social activity scale of the Leisure Participation Questionnaire
(How often do you do the following activity?
5-Everyday
4-Almost every day
3-Atleast once a week
2-At least once a month
1-Once in several months

O-Never

Social Activity 5 4 3 2 1 0

a Meeting or visiting friends or other
family members

b Involving community activities
(Volunteers, association, politics)

c Involving religious activities (going to
temple, observing sil)

d Having conversations while relaxing

e Spending time with grand children
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3.3

Oslo-3 item social support scale

How many people are so close to you that
you can count on them if you have serious
problems?

How much concern do people show in
what you are doing?

How easy can you get practical help from
neighbours if you should need it?
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None

lor2

3-5

6 or more

A lot of concern and interest

Some concern and interest

Uncertain

Little concern and interest

No concern and interest

Very easy

Easy

Possible

Difficult

Very difficult



Part 4- Lifestyle factors

Now I am going to ask some questions about your lifestyle. This includes smoking, drinking alcohol
and diet.

Smoking

4.1 Have you ever-smoked? No 0

(If no go to question 4.9.

Yes 1
If yes go to question 4.2)
4.2 Have you smoked at least 100 cigarettes in No 0
your entire life?
Yes 1
4.3 How frequently do you now smoke Every day 3
cigarettes?
Some days 2
Not at all 1
4.4 If “yes” to question 4.1 ask the type of Manufactured cigarette 1
product he/she use/used.
Bidi 2
(Mark the most frequently use/used product)
Suruttu 3
Pipes of full tobacco 4
Other (please specify) 5
4.5 During the past 30 days, have you smoked? No 0
Yes 1
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4.6

4.7

4.8

4.9

4.10

4.11

If you smoke daily, on average, how many of
following do you smoke each day?

How old were you when you start smoking?

How old were you when you quit smoking

(if applicable)

Alcohol consumption

Have you ever consumed any alcohol such
as beer, wine, arrack, toddy etc.?

(If no go to question 4.15)

If yes go to question 4.10)

Have you consumed any alcohol within the
past 12 months?

(If no go to question 4.15)

If yes go to question 4.11)

During the past 12 months, how frequently
have you had at least one standard alcoholic
drink?
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Manufactured cigarette

Bidi

Suruttu

Pipes of full tobacco

Other (please specify)

No

Yes

No

Yes

Daily

5-6 days per week

3-4 days per week

1-2 days per week

1-3 days per month

Less than once a month



4.12

4.13

4.14

4.15

4.16

4.17

Have you consumed any alcohol within the No 0
past 30 days?

Yes 1
(If no go to question 4.15)

If yes go to question 4.13)

During the past 30 days, on how many
occasions did you have at least one standard
alcoholic drink?

(Use show card 1 on standard drink)

During the past 30 days, when you drank
alcohol, how many standard drinks on
average did you have during one drinking
occasion?

(Use show card 1 on standard drink)

Diet

A typical week means a "normal" week when the diet is not affected by cultural,
religious, or other events. Ask the participant to not report an average over a period.

When determining the serving size, ask the participant to think of one day he/she can
recall easily. Refer to the show card 2 for serving sizes.

In a typical week how many days do you eat = Number of days
fish, poultry, meat, egg, dried fish?

How many servings of fish, poultry, meat, Type of food Serving size
egg, dried fish do you eat on one of those
days? (Use show card 2 on serving size)

In a typical week how many days do you eat = Number of days
pulses?
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4.18

4.19

4.20

4.21

4.22

4.23

4.24

How many servings of pulses do you eat on
one of those days? (Use show card 2 on
serving size)

In a typical week how many days do you
drink milk and/or eat dairy products?

How many servings of milk/dairy products
do you drink/ eat on one of those days? (Use
show card 2 on serving size)

In a typical week how many days do you eat
vegetables?

How many servings of vegetables do you eat
on one of those days? (Use show card 2 on
serving size)

In a typical week how many days do you eat
green leafy vegetables?

How many servings of green leafy
vegetables do you eat on one of those days?
(Use show card 2 on serving size)
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Type of food Serving size

Number of days

Type of food Serving size
Number of days
Type of food Serving size

Number of days

Type of food Serving size



4.25  In atypical week how many days do you eat = Number of days
fruits?

4.26  How many servings of fruits do you eat on Type of food Serving size
one of those days? (Use show card 2 on
serving size)

End of the questionnaire
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Appendix 7 A standard drink for different types of alcohol in Sri Lanka

Show Card 1- Calculation of the number of units of different types of alcohol in Sri

Lanka
(Reference Table)
Type of Alcohol Pure alcohol % A single unit in ml
by volume
Arrack 34-36 30
Illicit spirits* 20 (approx.) 50
Beer 4.5-5 200-250
Toddy 5 200-250
Whisky 40-43 25
Wine 11-12 175

*Includes ‘Kassippu’ (Moon shine/homemade alcohol)
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1 unitin
conventional
measurements

One drink

Two shots/drinks

Half a pint

Half a pint

One drink

One small glass



Appendix 8 Serving sizes for food

Show card 2- Serving sizes for food

Food item Serving size=1
Cooked fish, poultry, meat 30g
Cooked pulses 3 thsp
Eggs 1
Dried fish 15¢g
Milk 1 cup (200 ml)
Yogurt/curd 100 ml
Milk powder 30 g (2 tbsp)
Cooked vegetables 3tbsp (2 cup)

(Fruit vegetables, leafy vegetables)

Raw vegetable salad/green leafy 1 cup
vegetables

Medium size fruit 1 (1 banana, 1 orange, etc.)
Cut fruit/ Fruit salad % cup

Dried fruits 2 tbsp (20-30 g)

tbsp- table spoon
1 cup= 200 ml tea cup
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Appendix 9 Showcard used to display the answers to OPQOL-35 questionnaire

Show card 3

Strongly agree

Agree

Neither agree or disagree

Disagree

Strongly disagree
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Appendix 10 Assessment of internal consistency of the study instruments

Methodology

Internal consistency is a measure of scale reliability. It measures to what extent
the different items in an instrument measures the same concept.®! Cronbach’s
alpha was used to evaluate the internal consistency of the study instruments and
alpha values between 0.70 and 0.95 indicate good internal consistency.®! All the
interviews were conducted in Sinhala language but in few occasions participants
were given a copy of Tamil questionnaire to explain certain questions if their first
language is Tamil. Therefore, the scale reliability was assessed with both effective

sample and sample belong to Sinhalese ethnicity only.

Results

Internal consistency of all study instruments was good with this study sample
except the ‘Oslo 3-items social support scale’ (Cronbach’s alpha=0.61) and ‘Social
activity participation scale’ (Cronbach’s alpha=0.27). Hence, the latter was
excluded from the study. There was no difference of the results of the entire
sample and between the sample that only constitutes participants belong to

Sinhalese ethnicity only. Please refer to Table A (next page).
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Table A Internal consistency of the study instruments

Study instrument Cronbach’s alpha
Entire study Sample belong
sample to Sinhalese
(N) ethnicity (N)

Short Falls Efficacy Scale- International 0.95 (734) 0.95 (711)
(Short FES-I)
Barthel index 0.92 (746) 0.92 (723)
Lawton Instrumental Activities of Daily Living 0.92 (723) 0.92 (702)
scale (Lawton IADL scale)
Montreal Cognitive Assessment (MoCA) 0.85(741) 0.85(718)
Older People’s Quality of Life Scale (OPQOL) 0.85(739) 0.86 (716)
The 15-item Geriatric Depression Scale 0.83(742) 0.84 (719)
(GDS-15 scale)
The Oslo 3-items social support scale 0.61 (742) 0.60 (719)
Social activity participation scale 0.27 (743) 0.28 (720)
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Appendix 11 Assessment of intra-rater reliability of anthropometric

measurements and physical performance tests

Methodology

Intra-rater reliability shows the variation of data measured by one rater across
two or more trials.®3” The same rater (research assistant) measures participants’
height, weight, grip strength in both left and right hands in three trials and time
taken to walk 15 feet was measured in two trials. Intraclass correlation (ICC) was
computed to assess the intra-rater reliability of these anthropometric
measurements and physical performance tests. ICC value less than 0.5 implies
poor reliability, 0.50-0.75 moderate, 0.75-0.90 good, and greater than 0.90

excellent reliability.33”

Results

The intra-rater reliability of anthropometric measurements (height and weight)
and physical performance tests (grip strength and walking time) as assessed by

the ICC was excellent with all five research assistants. Please refer to Table B (next

page).
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Table B Intra-rater reliability of anthropometric measurements and physical performance tests

Measurement Rater A Rater B Rater C Rater D Rater E
Effective 1CC Effective 1CC Effective 1CC Effective I1CC Effective ICC
sample (95% Cl) sample (95% Cl) sample (95% Cl) sample  (95% Cl) sample (95% Cl)
Height 139 0.99 148 0.99 151 0.99 150 0.99 149 0.99
(0.99, 0.99) (0.99, 0.99) (0.99, 0.99) (0.99, 0.99) (0.99, 0.99)
Weight 139 0.99 148 0.99 151 0.99 150 1.00 150 1.00
(0.99,1.00) (0.99, 0.99) (0.99, 0.99) (1.00, 1.00) (0.99, 1.00)
Grip strength, right hand 140 0.94 150 0.93 151 0.95 149 0.95 150 0.93
(0.91, 0.95) (0.91, 0.95) (0.93,0.96) (0.94, 0.96) (0.91, 0.95)
Grip strength, left hand 137 0.94 149 0.95 151 0.95 148 0.95 149 0.95
(0.92,0.96) (0.93,0.96) (0.94, 0.97) (0.94, 0.96) (0.94, 0.96)
Walking time 138 0.94 148 0.96 150 0.97 150 0.97 149 0.94
(0.86,0.97) (0.93,0.98) (0.90, 0.99) (0.91, 0.98) (0.81,0.97)

An ICC value of <0.5 (poor), 0.50-0.75 (moderate), 0.75-0.90 (good), and >0.90 (excellent) reliability.
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Appendix 12 Assessment of inter-rater reliability of data

Methodology

Inter-rater reliability (IRR) indicates the variation between two or more raters who
assess the same group of individuals.®®” In order to assess the inter-rater
reliability, | again collected data for selected questions from interviewer-
administered questionnaire Appendix 6 (page 435) and complete Lawton IADL
scale from 12.0% of the effective sample. | identified the questions used to test
inter-rater reliability in consultation with Sri Lankan supervisor (MCW). These
questions covered different types of data such as ordinal (e.g. “how would you
rate your general health?”) and interval (“how many times did you fall during last
year?”) with different reference time periods (e.g. past week, last year, and in
general) (Table C, page 460). Initially, research assistants (5 raters) administered
the entire questionnaire and performed the physical assessments with
participants. After a gap of 2.5 to 3 hours, | (DDS) administered selected questions
with the same participants. Therefore, each participant in this sub-sample has

been assessed by two raters (A/B/C/D/E and DDS (myself) as the second rater).

IRR between each research assistant (rater) and DDS was calculated. IRR of ordinal
scale responses was assessed using weighted percentage agreement coefficient,
weighted Cohen’s kappa, and weighted Gwet’s AC, agreement. Ordinal weights
were used; ordinal scale categories that are one unit apart in the natural ordering

are assigned smaller weights than categories that are more units apart. ICC was
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computed to evaluate the agreement of questions that have continuous

responses.

All the agreement coefficients and ICCs were computed using kappaetc user
written Stata programme.33 Single rating, absolute agreement, two-way mixed
effects model was used when computing the ICCs of intra-rater and inter-rater
reliability.3*” Values of Cohen’s kappa, Gwet’s AC, agreement were interpreted
using criteria proposed by Landis and Koch.**® Values between 0 and 0.20,
between 0.21 and 0.40, between 0.41 and 0.60, between 0.61 and 0.80, and >0.80
are indicative of slight, fair, moderate, substantial, and excellent agreement
respectively. ICC value less than 0.5 implies poor reliability, 0.50-0.75 moderate,
0.75-0.90 good, and greater than 0.90 excellent reliability.33” When reporting the
findings, Guidelines for Reporting Reliability and Agreement Studies (GRRAS)

proposed by Kottner et al were followed.?%
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Table C The list of questions used to test the inter-rater reliability

Question Question Type of data
number/Description

1.16 How well would you say you are managing Ordinal
financially these days?

Fried phenotype How often you have felt this way during the Ordinal

past week?; “I could not get going”
(Self-reported

exhaustion)

2.20 How would you rate your general health? Ordinal

3.3 Oslo-3 item social ~ a. How many people are so close to you that  Ordinal

support scale you can count on them if you have serious
problems?
Lawton Instrumental Activities of daily living scale (All the items) Ordinal/Interval
2.9 How many times did you fall during last year? Interval
Fried phenotype a. Number of days engaged in vigorous Interval

physical activities during last 7 days
(Low physical activity)

b. Time spent doing vigorous physical Interval

IPAQ-Short Form activities roughly per day (minutes)
questionnaire

e. Number of days walked at least 10 minutes Interval
at a time during last 7 days
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Results

The inter-rater reliability of the responses for below questions (comparing the
rater/research assistant with DDS) was ranged from moderate to excellent
according to the Gwet’s AC, agreement. The percentage agreements were also
high (Table D, next page). The inter-rater reliability of Lawton IADL scale-Sinhala

version is presented in Chapter 5 (page 213).
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Table D Inter-rater reliability of questions with ordinal responses

Questions Effective Percentage Cohen’s Gwet’s AC
and raters sample agreement weighted kappa
coefficient

Perceived financial strain

DDS-A 14 0.88 0.64 0.70
DDS-B 18 0.83 0.43 0.62
DDS-C 19 0.93 0.76 0.83
DDS-D 17 0.75 0.01 0.49
DDS-E 21 0.84 0.43 0.65
How would you rate your general health?

DDS-A 14 0.94 0.57 0.87
DDS-B 18 0.83 0.13 0.57
DDS-C 19 0.89 0.24 0.76
DDS-D 17 0.90 0.51 0.74
DDS-E 21 0.92 0.57 0.80

Oslo-3 item social support scale; a. How many people are so close to you that you can
count on them if you have serious problems?

DDS-A 14 0.74 0.08 0.58
DDS-B 17 0.78 0.14 0.57
DDS-C 19 0.89 0.48 0.72
DDS-D 17 0.76 0.16 0.54
DDS-E 21 0.83 0.11 0.66
How often you have felt this way during the past week?; “I could not get going”
DDS-A 14 0.88 0.62 0.78
DDS-B 18 0.73 -0.00 0.54
DDS-C 19 0.91 0.65 0.83
DDS-D 17 0.94 0.81 0.90
DDS-E 21 0.87 0.40 0.82

Non-significant agreement coefficients (p>0.05) and zero agreement coefficients are displayed in
bold.
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The ICC values for below questions were ranged from moderate to excellent
except in five occasions (Table E, below). The inter-rater reliability for total Lawton

IADL scale-Sinhala version is presented in Chapter 5 (page 213).

Table E Inter-rater reliability of questions with interval or ratio scale responses

Questions and raters Effective sample ICC (95% ClI)

How many times did you fall during last year?

DDS-A 14 0.71(0.32, 0.90)

DDS-B 18 0.84 (0.63, 0.94)

DDS-C 19 0.71(0.39, 0.88)

DDS-D 17 0.95 (0.87, 0.98)

DDS-E 21 0.19 (0.00, 0.57)

IPAQ-Short a. Number of days engaged in vigorous physical activities during last 7 days
DDS-A 14 0.18 (0.00, 0.64)

DDS-B 18 0.27 (0.00, 0.64)

DDS-C 19 0.57 (0.18, 0.81)

DDS-D 17 0.71(0.37, 0.88)

DDS-E 21 0.47 (0.09, 0.74)

IPAQ-Short b. Time spent doing vigorous physical activities roughly per day (minutes)
DDS-A 14 0.55 (0.06, 0.83)

DDS-B 18 0.71(0.39, 0.88)

DDS-C 19 0.30(0.00, 0.67)

DDS-D 17 0.85 (0.65, 0.94)

DDS-E 21 0.67 (0.29, 0.86)

IPAQ-Short e. Number of days walked at least 10 minutes at a time during last 7 days
DDS-A 14 0.00 (0.00, 0.13)

DDS-B 18 0.85 (0.67, 0.95)

DDS-C 19 0.64 (0.29, 0.85)

DDS-D 17 0.50 (0.06, 0.78)

DDS-E 21 0.61 (0.27, 0.83)

Non-significant agreement coefficients (p>0.05) and zero agreement coefficients are displayed in
bold.
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Appendix 13 Invitation letter for the study participants

Invitation to take part in the Survey of Health and Wellbeing of the Older

People in Kegalle District, Sri Lanka

We would like to invite you to take part in a study about the “Health and
Wellbeing of the Older People in Kegalle District”. A survey like this has never been
done in Sri Lanka before. This is an important study as the Sri Lankan population
is ageing rapidly. The findings of this research will inform better care services for

older people.

This study will take place in selected Grama Niladhari divisions in Kegalle district.

We will interview older people aged 60 years and above.

If you decided to participate you have to spend some time with the research
assistant answering some questions and taking part in a short physical assessment
(e.g. walking). There is more information about the study in the information sheet

we have attached.

Thank you for taking time to read this invitation.

Ms. Deepani Siriwardhana
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Appendix 14 Information sheet for the study participants

INFORMATION SHEET

(Version 1.1, 01°* June, 2016)

Original Research Title: The epidemiology of frailty, its association with quality of
life and disability among community-dwelling rural older adults in a selected

district of Sri Lanka

Short Title: Survey of Health and Wellbeing of the Older People in Kegalle District

This research has been approved by the;

UCL Research Ethics Committee (Project ID Number): 8155/001

Ethics Review Committee, Faculty of Medicine, University of Colombo, Sri Lanka

(Application Reference Number): (Protocol No. EC-16-071)

We would like to invite you to participate in this research project. Before you
decide to participate, it is important to know about this research and what it
involves. Please read this information sheet carefully and discuss it with your
family members if you wish. If there is anything that is not clear or if you need
more information please ask the research assistant or contact the members of the

research team mentioned at the end of this document.

This research will be carried out in selected Grama Niladhari divisions in the
Kegalle district. We are inviting people aged 60 years and above who are
permanently living in the district to take part. We aim to involve people during

home visits in selected Grama Niladhari divisions.
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1. Why are we doing the research?

We are conducting this research to identify the number of people aged over 60
who are affected by problems of feeling lacking in energy, weak or slowed up or
being under-weight or having low activity levels, what factors are related to it and
how it affects the quality of life and disability. We are looking at people who live

at home in the community in Kegalle district.

2. Dol have to take part?
It is up to you if you want to take part or not. You can withdraw from the study at
any time. You do not need to give reasons for your withdrawal. There will be no
loss of medical care or any other available treatment for your illness or condition

to which you are otherwise entitled.

3. What s involved?
If you take part in the research it will involve an interview with a research assistant
for about 1% to 2 hours. There are two parts: a physical assessment and answering
a set of questionnaires. The physical assessments include measuring your height,
weight, grip strength, and time taken to walk 15 feet. The weight and height will
be measured without shoes and in light clothing. The grip strength will be
measured three times when you are in the sitting position. You will not be asked
to perform the test if you have problems with your hands affecting your grip. You
will be asked to perform the walking test two times but only if you are
comfortable. The research assistant will walk by you to minimise the risk of falling.

The questionnaires cover information about your circumstances, activity level,
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information on physical health and symptoms, memory, mood, social
interactions, social support, lifestyle factors, quality of life, and disability. When
completing the questionnaires you will be asked to share your medical records
(information about your medical diagnoses and drug prescriptions) to check if you
have any chronic health conditions like heart problems or diabetes that might be
related. You can request breaks in between the assessments or questionnaires if

you feel tired.

4. What are the advantages of taking part?
This research will provide really important information on the health and
wellbeing of older people in Kegalle District. The Sri Lankan population is ageing
rapidly and this research will influence policy makers and authorities on what care
they need to provide for people who may be becoming easily tired or weak or low
in weight or physically inactive, to improve their health and keep them active and
independent for longer. A survey like this has never been done in Sri Lanka before.
If you have a serious health concern identified in the survey, you will be directed

to appropriate care.
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5. What are the disadvantages of taking part?
We do not expect any risk to people taking part during the research. The walking
test carries a small risk of falling, but the research assistant will be walking next to
you to minimise this risk. It may be tiring to complete the assessments, and you
can take breaks when needed. A few of the questions are of a personal nature,
for example on your mood and feelings. You can miss any question that you do

not want to answer.

6. Will my information be kept confidential?
Personal identifiable information such as name, address and contact details of
people who take part will not be collected. Each questionnaire (participant) will
be given a code. This code will be entered into the database. The questionnaires
will be kept in a locked place. The access to database and the questionnaires will
be restricted to the members of the research team only. The data will be collected
and stored in accordance with the United Kingdom’s Data Protection Act, 1998.
The databases will be stored in University College London’s secure computer
network and encrypted laptop. Hence, the privacy of the participants and the
confidentiality of data will be protected. The results of this research will published
in PhD thesis, conference proceedings, and journal articles. No information by
which you can be identified will be released or published. These data will never
be used in such a way that you could be identified in any way in any public
presentation or publication. This data may use for subsequent research of the

investigators and may share anonymously with other researchers.
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7. If you have any questions

If you have questions about the research or any of the tests/procedures you can
ask now or later. If you have a question later, please feel free to ask any of the

persons listed below.

Name: Ms. Dhammika Deepani Siriwardhana
Work Address:

Contact Details:

Name: Dr. Manuj C. Weerasinghe
Work Address:

Contact Details:

If you decide to take part you will be given this information sheet to keep with

you and be asked to sign a consent form.

Thank you for taking time for read this information sheet.
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Appendix 15 Consent form for the study participants
CONSENT FORM

(Version 1.1, 01 June, 2016)

Original Research Title: The epidemiology of frailty, its association with quality
of life and disability among community-dwelling rural older adults in a selected

district of Sri Lanka

Short Title: Survey of Health and Wellbeing of the Older People in Kegalle

District

To be completed by the participant

The participant should complete the whole of this sheet himself/herself.

1. Have you read the information sheet? (Please keep a copy for yourself)

YES/NO

2. Have you had an opportunity to discuss this study and ask any questions?

YES/NO

3. Have you had satisfactory answers to all your questions?

YES/NO

4. Have you received enough information about the study?
YES/NO

5. Who explained the study to you?



6. Do you understand that you are free to withdraw from the study at any
time, without having to give a reason and without affecting your future
medical care?

YES/NO

7. Relevant sections of your medical records may be looked at by members
of research team. Do you give permission for members of research team
to have access to your records?

YES/NO

8. Do you understand that collected data may use for subsequent research
of the investigators and may share anonymously with other researchers?

YES/NO

9. Do you understand that information collected about you will contribute
to reports, presented in scientific conferences and journals? The
confidentiality and anonymity of the information will be protected and it
will not able to identify you from any publication.

YES/NO

10. Do you understand that personal information is treated as strictly
confidential and handled in accordance with the provisions of the United
Kingdom’s Data Protection Act 19987

YES/NO

11. Have you had sufficient time to come to your decision?

YES/NO

12. Do you agree to take part in this study?
YES/NO

Participant’s signature........coccceveeiecieeceeevie e, D) (T

Name (BLOCK CAPITALS)....ccccvureerecrientire s ser e e enene s
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To be completed by the investigator

| have explained the research to the above volunteer and he/ she has indicated

her willingness to take part.
Signature of investigator........ccccvvvevvveee e e, Date...coecereeceeeeeenee,

Name (BLOCK CAPITALS)
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Appendix 16 Ethical approval letter from University College London

UL

UCL RESEARCH ETHICS COMMITTEE
ACADEMIC SERVICES

7 March 2016

Dr Katherine Walters

Principal Researcher

Department of Primary Care and Population Health
uCL

Dear Dr Walters

Notification of Ethical Approval
Project ID: 8155/001: The epidemiology of frailty, its association with quality of life and disabilit

amongst community dwelling rural older adults in a selected district of Sri Lanka

| am pleased to confirm in my capacity as Chair of the UCL Research Ethics Committee that | have approved
your study for the duration of the project i.e. until 27*" September 2018.

Approval is subject to the following conditions:

1. You must seek Chair's approval for proposed amendments to the research for which this approval has been
given. Ethical approval is specific to this project and must not be treated as applicable to research of a
similar nature. Each research project is reviewed separately and if there are significant changes to the
research protocol you should seek confirmation of continued ethical approval by completing the
‘Amendment Approval Request Form’: http://ethics.grad.ucl.ac.uk/responsibilities.php

2. ltis your responsibility to report to the Committee any unanticipated problems or adverse events involving
risks to participants or others. The Ethics Committee should be notified of all serious adverse events via
the Ethics Committee Administrator (ethics@ucl.ac.uk) immediately the incident occurs. Where the
adverse incident is unexpected and serious, the Chair or Vice-Chair will decide whether the study should
be terminated pending the opinion of an independent expert. The adverse event will be considered at the
next Committee meeting and a decision will be made on the need to change the information leaflet and/or
study protocol.

For non-serious adverse events the Chair or Vice-Chair of the Ethics Committee should again be notified
via the Ethics Committee Administrator (ethics@ucl.ac.uk) within ten days of an adverse incident occurring
and provide a full written report that should include any amendments to the participant information sheet
and study protocol. The Chair or Vice-Chair will confirm that the incident is non-serious and report to the
Committee at the next meeting. The final view of the Committee will be communicated to you.

On completion of the research you must submit a brief report of your findings/concluding comments to the
Committee, which includes in particular issues relating to the ethical implications of the research.

Academic Services, 1-19 Torrington Place (9" Floor),
University College London

Tel: +44 (0)20 3108 8216

Email: ethics@ucl.ac.uk

http://ethics.grad.ucl.ac.uk/
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Yours sincerely
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Appendix 17 Ethical approval letter from Faculty of Medicine, University of

Colombo, Sri Lanka

Ethics Review Con?nittee

Faculty of Medicine

University of Colombo

P O Box 271, Kynsey Road, Colombo 8, Sri Lanka

{ Telephone: +94-11-2695300 ext 240 Fax: +94-11-2691581
| Email: ethicscommitteemfc@gmail.com

REFERENCE: EC-16-071

13™ June 2016.

Dr. Manuj C. Weerasinghe,

Senior Lecturer,

Department of Community Medicine,
Faculty of Medicine,

University of Colombo.

Dear Dr. Weerasinghe,

RE : Protocol No EC-16-071

Title : The Epidemiology of Frailty, its Association with Quality of Life and
Disability among Community Dwelling Rural Older Adults in a
Selected District of Sri Lanka

Investigators : Dr. Manuj C. Weerasinghe
Miss. Dhammika Deepani Siriwardhana
Dr. Katherine Walters
Dr. Greta Rait
Dr. Sarah Hardoon

Thank you for submitting the above research proposal, which was considered by the Ethics

Review Committee, at its special meeting on 07.06.2016. Approval is granted to proceed.
This approval relates to the following:

¢ Research Proposal (Version 1.1)
e [Information sheets (Version I.1)
¢ (Consent forms (Version 1.1)

« Data collection form (Version 1.0)
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Ethics Review Committee'

Faculty of Medicine

University of Colombo

P O Box 271, Kynsey Road, Colombo 8, Sri Lanka
Telephone: +94-11-2695300 ext 240 Fax: +94-11-2691581
Email: ethicscommitteemfc@gmail.com

The following members of the ERC were present at the meeting:

Prof. Hemantha Senanayake, Dr. Panduka Karunanayake, Dr. Nilakshi Samaranayake, Prof.Anuja
Abayadeera, , Dr. G R Constantine Dr. S.Benaragama, Dr. Enoka Corea, Dr. Dinithi Fernando, Prof.
P.Galappatthy, Prof. Ariaranee Gnanathasan, Mrs. Kumudini Hettiarachchi, Dr. Sharmila Jayasena, Dr.
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Appendix 18 The Lawton Instrumental Activities of Daily Living (IADL) scale-

Sinhala version
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Lawton MP, Brody EM; Assessment of Older People: Self-Maintaining and Instrumental
Activities of Daily Living, The Gerontologist 1969; 9 (3_Part_1): 179-186,
doi:10.1093/geront/9.3_Part_1.179. (Translated and) Reproduced by permission of Oxford
University Press on behalf of The Gerontological Society of America. © 1969 The
Gerontological Society of America. All rights reserved. For permissions please email
journals.permissions@oup.com. Please visit:
https://academic.oup.com/gerontologist/article/9/3 Part 1/179/552574

Translation disclaimer:

“OUP and the GSA are not responsible or in any way liable for the accuracy of the
translation. (Dhammika Deepani Siriwardhana) is solely responsible for the translation in
this publication/reprint.”
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Appendix 19 Prevalence of total number of IADL and BADL limitations in the

overall sample and by frailty status

Disability Unweighted sample, N (%) Weighted sample, %
All Non-frail  Pre-frail Frail All Non-frail Pre-frail Frail

No of IADL limitations

0 474 221 237 16

(65.7) (86.6)  (67.3) (13.9) 67.2 86.6 68.7 15.6
1 112 26 73 13

(15.5) (102)  (20.7) (11.3) 14.9 10.2 199  10.1
2 45 4 23 18

(6.2) (1.6) (6.5 (15.7) 6.3 1.8 6.0  18.2
3 30 3 10 17

(4.2) (1.2) (2.9) (14.8) 4.2 1.2 3.0 151
a4 14 1 4 9

(1.9) (0.4) (1.1) (7.8 1.7 0.2 0.9 8.2
5 11 0 1 10

(1.5) (0.0) (03) (87) 1.2 0.0 0.3 7.1
6 18 0 3 15

(2.5) (0.0) (0.9) (13.0) 24 0.0 1.0 125
7 8 0 1 7

(1.1) (0.0) (03) (61) 1.0 0.0 0.2 5.7
8 10 0 0 10

(1.4) (0.0) (000 (8.7) 11 0.0 0.0 7.5

No of BADL limitations

0 683 261 352 70

(91.7)  (100.0)  (97.0) (57.8) 92.8 100.0 97.3 613
1 21 0 9 12

(2.8) (0.0) (24) (9.9) 2.5 0.0 2.2 9.7
2 11 0 1 10

(1.5) (0.0) (03) (82 1.2 0.0 0.3 6.6
3 9 0 1 8

(1.2) (0.0) (03) (6.6) 1.1 0.0 0.2 6.5
4 6 0 0 6

(0.8) (0.0) (0.0) (5.0) 0.7 0.0 0.0 43
5 3 0 0 3

(0.4) (0.0) (0.0) (25 03 0.0 0.0 2.2
6 2 0 0 2

(0.3) (0.0) (0.0) (17) 02 0.0 0.0 1.4
7 2 0 0 2

(0.3) (0.0) (0.0) (17) 02 0.0 0.0 1.5
8 5 0 0 5

(0.6) (0.0) (0.0) (41) 07 0.0 0.0 4.5
9 2 0 0 2

(0.3) (0.0) (0.0) (1.7) 0.2 0.0 0.0 1.3
10 1 0 0 1

(0.1) (0.0) (0.0) (0.8) 0.1 0.0 0.0 0.7
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Appendix 20 Distribution of BADL limitations among 11 participants who were

not frail in the present study sample

BADL limitations Number of participants

Feeding 3
Bathing

Dressing
Toilet use
Grooming
Transfers
Stairs
Mobility
Bladder

Bowels

N O B R R O R W N

Nine participants were dependent on one basic activities of daily living.

One participant was dependent on feeding and toilet use.

One participant was dependent on bathing, dressing, and bowels.
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Appendix 21 Distribution of raw domain-specific QoL scores according to frailty

status
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The subsequent pages include four scientific articles based on the findings of my
PhD thesis published in peer-reviewed journals.

Paper 1

Prevalence of frailty and prefrailty

among community-dwelling older
adults in low-income and middle-
income countries: a systematic review

BM) Open

and meta-analysis

Dhammika D Sirwardhana,'® Sarah Hardoon,' Greta Rait,” Manuj C Weerasinghe,?

Kate R Waltars'
ey mACT e Strengths and limitations of this study
Prevekance of rally and conducted on prevalenca of frafty and prefraily smang - - .
pretraitty among communlty- mmiri.;ﬂmdduaz:rh low-income and = This is the first systematic review and meta-anslysi
thwedling oider aduls In iow- miiddle-i oz [LMICz) 20 fo e e of the prevalence of frailty and prefraity among
Income and midde-income - . community-tweling older adults in low-income and
poUE: & EyStEmatic review wﬂw;ﬂﬂm"m“w' micidle-income countries
and meta-analysa. Su ! LMICs. =
HERa01195 o0 i13e  Design Systemabic review and meta-analysis. PROSFERD L ::-HI.. ml ; H‘I:-!“ -F.
bimjopen-2HT-18195 registration number is CRO42(01 6036083 . m“_p"“—'
N sryang D08 sourcss MEDLINE, EMEASE, AMED. Web of Scenc, e
I-EPL“H pr CINAHL and WHO Global Haalth Library were ssarched = Nok rivtion wasi i

paper 5w avalzhis onine. To
view Tese fles, pleaze vist

fram thear incepiion to 12 September 2017.
Setting Low-income and middle-income countries.

= Subgroup snsbysiz of prevalence of frality and
prefralty was parformed with suletantial number

e jomrmal onilng [t ol Participamts Community-tdweling older adults aged =60 of and . . o
o1 bmopen 247 years, _ h;ﬂ.ﬁ _"E_h*'ll— e
018186} Results W screaned 7057 citations and 56 stadies Iﬂi e

included. Forty-saven and 42 studies included . L
m!‘lulw:m? mhhwmﬂmm r;:;rﬂr * We did not include grey liersture in this review.
S E'M“m_l' i The mejority of studies wers from upper middis-income

coumntniees. (One study wizs availabla from low-income
coumntnices. The prevalence of frailty varied from 3.9%
{China) o 51.4% (Cube) and prevalenca of prefraity
ranged from 13.4% (Tanzania) to 71.6% (Brazil). The
pociad prevalence of fraiity was 17.4% (95% Cl 14.4%

low-income and middle-income countries
(LMICs) have increasing life expecancy with
the advancement of healthcare services.'

The pace of population ageing is faster in

Ei}ﬁfmpﬁ?maﬂ“imﬁ LMICs compared with HICs.? This creates an
U - additdonal burden for these countries with
prevalenca rates across studies was lrgely axplained

by differances in fraiity sssessment method and the
gengraphic region. Thess findings ane for the studies with

growing economies as they have w ockle
health, social and welfare isues associated

m’:ﬂ“‘;‘_f’“" 2 minimam recritment age 50, 65 and 71 years, with ageing populations.
M]m m‘ Conclusion The prevalence of fraitty and prefraity Frailty is a health problem of older age with
Landon, Longon, UK appears higher in commenity-twaling older adults in no universally agreed concepmal or opera-
*Degartment of Disabilty uppar middle-income countries compared with high- tional definition. However, there is a common
Studies, Facuity of Medicie income countries, wiiich has Important implications for agreement that frailty is an imporan din-
Universlty of Ketaniys, Regama, hﬂi‘mughring.T_hmiginbd widmn_amia'l:y ically identifiable smie thar increases the
mmuwmm pm in kower middle-income and low-income vulnerability tw adverse outcomes due to the
; cownines. decline in reserve and functions in multple
Medicie, Fecuty of Mediche,  PROSPERD registration number CRO42016036083 P
Universly of Calomba, Colomaa, " ! physiological systems. The Fried pheno-
5 Lania type of frailty, comprising five phenotypic
criteria {unintentional weight loss, self-re-
mnm‘:.mt INTRODUCTION ported exhaustion, weakness, slowness and
deopnisniwarihens i5@un.  Population  ageing B not confined w low phiysical activity),' and the fraily index
BCK high-income countries (HICs). People in (comprising a list of deficis)® are the most
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Open Access &

frequently used frailey assessment methods in the litera-
wref Longimdinal studies have ideniified several nega-
tive outcomes associated with frailey which can have a
huge impact on individual lives and society as a whole.
These include falls, worsening mobility, disability, hospi-
walisation and increased risk of mormlin®*7#

Prefrily s an intermediate state between fraily and
non-frailty/robust that has higher risk of progresing
i frailty® Since fraily smous is asessed using different
asmesment methods, most of the assessment methods
have is own cucoff for prefrailty stats. For insmnce,
having one to o critena of five is considered as prefrail
for the Fried's phenorype.” Like frailty, prefrailty is also
associated with adverse health outwomes. Findings from
a recent mem-analysis based on six prospecive cohort
studies suggested increased risk for faster onset of any
rype of cardiovascular diseases in prefrail versus robust.'?
Another longiudinal smdy also showed that prefrail
individuals are more likely to show persistent and new
depressive E:m:lpu:lms.“ Evidence is emerging that frailcy
as 3 dynamic state with transitions between frailry samses
frailty, prefrailty and non-frailiy;' ' and there is potential
for interventions w improve the health and well-being of
both firail and prefrail older aduls.

A subsmntial amount of research on failty has been
conducted in HICs According o a systematic review
conducted in 2012, the weighted prevalence of frailty in
HICs is 10.9% and prefrailty is 416%." There is some
suggestion of a secineconomic gradient in frailey beiween
HICs; one study from 15 Evropean countries repored a
lower mean frailty index in North and Western Europe
compared with lower income countries in South and
Eastern Furope.'® In addition, the survival of frail older
pecple was higher in countries with a higher relative
income within Europe.'® It is possible that the prevalence
of frailty in LMICs is higher than HICs, given a steeper
gradient in income. Alternatively, the prevalence may be
lower with a reduced life expectancy of older people in
LMICs. A narrative review published in 2015 on frailcy
in developing countries found limited availability of
studies and suggested that frailey occurs more frequenty
in developing countries.'” However, no studies are avail-
able up-to-date collating all the epidemiological findings
available from LMICs to examine the burden of frailty in
these counmries. This s imporant w inform healthcare
planning in these countries in the context of world-wide
population ageing. The aim of this study was w conduct
a systematic review and me-analysis on prevalence of
frailty and prefrailey among community-dwelling older
aduls in LMICs.

METHODS

We performed a comprehensive souctured search
in six elecronic bibliographic databases. MEDLINE,
EMEASE and AMED darabases using Ovid3P interface,
Web of Science Core Collecion, CINAHL Plus databases

and WHO Global Health Library were searched from
their inception tw 12 September 2017. Two concepts
‘frailey” and “LMICs” were used to develop the electronic
search strategy. The example LMIC filters developed by
the Cochrane organisation in 2012 was used with slight
modifications.”® The World Bank counery classification
issued on 1 July 2017,' based on 2016 economic dam was
used to identify the countries that switched from LMICs to
HICs in 2017 or vice versa. Siudies in these couniries were
included only if the counuy belongs © low-income and
middle-income category during the dme of data collec-
tion. The elecironic search swraegy was first developed
for MEDLINE {online supplementary appendix A) and
then adapied accordingly o other databases. The elec-
tronic search strategy was developed with the suppont of
specialist librarian (5P). Addidonally reference lists of the
selected articles were scanned and citation searches were
performed in the Web of Science. The search was limited
o fulltext aricles as smdy quality assessment requires a
detmiled description on the methodology. No language
Testriction was imposed on the search.

The condition studied was frail iy measured by any assess-
ment method. The review was restricted m studies with
community-dwelling older aduls aged 260 years living
in the LMICs. This age cut-off is in line with the United
Mations’s definiton of older pupular.iun.s.!n Smdies with
instimionalised or hospitalised adults, nursing home resi-
dents, outpatients of primary or secondary care clinics,
or older adulis belonging o specific disease groups were
excluded. Crosssectional smdies conducted o assess the
prevalence and associated factors of frailty, prospective
followup studies thar have baseline prevalence of frailry,
cross-sectional smdies conducted wo explore the associa-
tion of frailty with some other health variable or disease
{eg. haemoglobin level and cardiovascular risk factors)
were inchuded in this review.

Identified citaticns were exporned inw EndNote XE and
duplicates were removed. In the firse smge, the tide and
abstracts of the ciations were screened against inclusion
and exclusion criteria o identify powentially eligible cita-
tons. In the second stage, full texts of potentdally eligible
articles were retrieved. Two reviewers (DDS and SH)
independently reviewed the fulliext articles to idenufy
the articles meetng eligibility criteria. If muldple studies
were available from the same cohort, the smdy with the
largest sample and most information was included in the
review. The agreement bemween the owo raters was high
with a kappa value of .84 (95% CI 0.72 w 0.00). Disagree-
ment between the reviewers was resolved through discus-
sions and consulting senior researchers in the research
team (KEW, GR and MCW).

Study quality assessment and data exiraction

Selected articles were subjected o a quality assessment
Methodological rigour of the articles was assessed using
eight criteria proposed by Loney o off' for the critical
appraisal of the prevalence literature. If a study achieved
three criteria or less, it was excluded from the review

2
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5 Open Access

Study quality of all selecred artcles (61) was asessed
by the first reviewer (DDS). The second reviewer (5H)
assessed the study quality of a random 10% of anicles w
check for discrepancies.

Da@ exraction included informaton on smdy back-
ground (authors and year of publication, dam source,
study seting and smdy period), characteristics of the
population (percentage of women in the study popula-
don, mean age, age range, number of frail and prefrail
participants in the wial sample, and by sex and age),
study methodology (study design, effective sample,
smmpling technique and frailiy assessment method) and
study strengths and limiagons. Authors were con@acted
requesting additional data required for subyroup analysis.

Data analysis

The results of the systematic review are presented in
mbular format and narratively synthesised. All statstcal
analyses were performed in Stata V.14 {StaaCorp, College
Smtion, Texas, USA). A andom-effects met-anabysis with
95% C1 was performed w calculate the pooled preva-
lence of frailty and prefrailty. A random-effects model
was chosen as there is a variation in the vue effect from
one study o another. And also, there was considerable
heterogeneity of the smdy characteristics including
geography, frailty assessment method, frailty cui-offs and
recruitment age. When a study has used multiple assess-
ment methods of frailty, the prevalence presented using
Fried phenorype was used for the meta-analysis as it was
the most commonly used assessment method in the liter-
amre.® The analysis was performed on Freeman-Tukey
double arcsine transformed proportions w s@abilise the
variance. We used metaprod rendom {1 command.™ Resuls
were presented using forest plos. The main meta-analysis
and subgroup analysis excluded three studies, two sodies
with minimum recruitment age of 280 years and another
stdy with minimum recruitment age of =¥ years as
those based on much older populatons with expected
higher prevalence rates for frailty. The findings from
these studies were reporned separately.

Cochran’s () s@atistic was used 1o assess heterogenseity
between the smdies. P<0.05 was considered as evidence
of heterogeneity. The I smtistic was further used o guan-
iify the magnimude of the heterogeneiry. 1 values of 25%,
50% and 75% were considered as of low, moderate and
high heterogeneity, respe-clivel}'.!“ Funnel plots gener-
ated by malafunne! command was used o visually inspect
the existence of reporting biases and/‘or berween sudy
hewerogeneity. In the absence of biases and //or between
study heterogeneity, funnel plot will be a symmerrical
imverted funnel in Ehalﬂ'.h However, this eye ball west is
subjective. Hence, we used Egger's weighted regression
test o measure the degree of funnel plot asymmetry. The
null hypothesis for Egger’s west is that symmetry exists in
the funnel plo.™* St melabiss command was used.

Subgroup analysis of fraily and prefrailty preva-
lence was performed according w the frailty assess-
ment method (Fried phenorype with five criteria where

weakness and slowness assessed objectively using grip
strength and gait speed, Fried phenotype with five criteria
where weakness and slowness assessed using selfre-
ported questions  (subjective), Fried phenotype with
four criteria, Edmonion Frail Scale (EFS), faily index
and FRAIL scale). If the same cohort of participants had
been asesed using different frailty assessment methods,
we used that information in the subgroup analysis.
However, studies that have used different frailry assess-
ment methods o that mentoned above were excluded
from the frailty and prefrailty subgroup analysis as they
cannot be grouped inw a particular category that is Study
of Osteoporotic Fracres (S0OF) index and Cuban frailey
criteria, Brief Frailty Instrument for Tanmnia (B-FIT).
Further subgroup analyses by sex, age group (60-64,
560, T0-T74, 75-79, 8034, 85+ years), age and sex were
performed with smdies which had employed the Fried
phenorype with five criteria where weakness and slowness
assessed using objectve tess. A wo-sample proporion
test was used w compare the prevalence of frailey and
prefrailey by sex.

We performed a supplementary analysis 1o compare
our findings with HICs. We used published dara from a
sySIEMatic review on prevalence of frailty which indudes
HICs only.'* This review included 14 studies which had
used Fried's phenotype of fraily assessment method.
We estimated the random-effects pooled prevalence of
frailty and prefrailty only with the studies that have used
the Fried phenotype with five criteria where weakness
and slowness assessed using objectve tess (10 studies).
Minimum recruitment age of the participants included in
this review was 63 years. For a fair comparison we calou-
lated the random-effects posled prevalence of frailty and
prefrailey only with the studies of minimum recruitment
age 65 years that have used mame asessment method
included in our review.

Random-effects univariable and multvariable meia-re-
gression were performed using melary command to
identify the potential sources of heterogeneity between
the smdies {demographic, geographical and method-
ological).™® Three studies which used SOF index, Cuban
Frailty criteria and Brief Frailty Instrument for Tanzania
{B-FIT) were excluded from the analysis. The following
explanatory variables were included in the models; mean
age, percentage of women in the study sample, study
quality assessment score, World Bank region classifica-
tdon (Latin America and the Caribbean, East Asia and
Facific, Europe and Central Asia, and South Asia) and
frailty assessment method. All the variables were included
in the multivariable model irrespective of their siggnifi-
cance (P value) in univariable analysis. Variables with
P05 were considered as significant. The systematic
review protocol of this study is registered in PROSFERD
and the number is CRD420016036083. This systematic
review and mem-analysis have been reported according
o the Preferred Reponting Items for Systematic Reviews
and Me@-Analyses (PRISMA 2009 checklist is armached

separately).*
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Figure 1 Study salaction.

RESULTS
Study characteristics
The search vielded 10255 records, with 7057 records beft
afier removing duplicates. Fifiysix studies meeting all
eligibility criteria were included in the systematic review
(figure 1). Fortyseven and 42 smudies were included in
the me@-analysis of frailty and prefrailty, respectively.
The smdy quality assessment score of the smdies
included ranged from 3.5 mw 7.5, with a mean score of
(8D 6.0 (1.07). Quality assessment resulis of the smdies
are presented in the online supplementary appendix B.

The characteristics of included smdies are described in
the online supplementary appendix C. Fifty studies have
been published berween 2012 and 2017. The majority of
the smidies were from the Latin America and the Carib-
bean regicn, predominantly from Brazil (n=24). Most of
the smdies had uwsed daa from large population-based
cross-sectional or longimdinal studies on ageing.

The sample size of the studies varied (range 54-12 373)
and the minimum recruitment age of the stdy partici-
pants varied from 60 w 9 years. The minimum age at
recruitment of the study panticipants was 60 years in 50
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studios, 65 vears in 19 smudies, 70 vears in 4 smdies, 80
years in 2 studies and %) years in 1 smudy. Fifo-two studies
had reporied the percenage of women in the soudy
samples and it varied from 48.1'% w 100.0%:, with more
than half of panicipants being women in all except three
studies. Forty-rwo studies reported the mean age (42,/56)
of the partcipans, which ranged from 68.2 to 77.2 years
after excluding three studies with minimum recruitment
age =8 years (owo studies) and =00 years (one sudy).

Smidies used various frailty assessment methods. The
Fried phenotype was the most extensively used method.
Researchers had operationalised the Fried phenorype
differendy. We identified three broad categories based
on the number of phenowypic Criteria used and measures
used o operationalise those criteria. Those are Fried
phenowype with five criteriz—weakness and slowness
amessed using objective tests, Fried phenotype with five
criteria—weakness and slowness asessed using self-re-
ported questions (subjective) and Fried phenoype with
only four criteria

Prevalence of frailty and prefrailty

Irrespective of the frailty asesment method, the preva-
lence of frailty varied from 5.9% in China {Fried pheno-
type with five criteris—weakness and slowness assessed
using objective tests) o 31.4% in Cuba (Cuban frailty
criteria) and prevalence of prefrailty ranged from 15.4%
in Tanzania (Brief Frailty Instument for Tanzmnia,
BFIT) w 7L6% in Brazil (Fried phenotype with five
criterisz—weakness and slowness measured objectively)
for the studies with minimum recruitment age 60, 65 and
T years. There was one smdy in those aged =00 years,
reportng 61.8% participants as frail using the frailcy
index (not reporned prefrailty}. Another study with aged
2B0 years had not reponted a cut-off value for the frailoy
index to define frail participants. Instead, authors had
reported six levels based on the value of the frailry index
and the percentage of participants belongs to each level.
The other study with aged =50 yvears reported 14.8% and
63.8% panicipanis as frail and prefrail, respectively, using
Fried phenotype with five criteria—weakness and slow-
ness assessed using objective tests. When restricting to the
studies that used Fried phenotype with five criteria and
amessed the weakness and slowness objectively, the prev-
alence of frailty varied from 3.9% (China) w 2600% in
India. The prevalence of prefrailty varied from 40.7% w
TL.6% in Brazil

Pooled prevalence of frailty and prafrailty

Descriptions of included studies in the metz-analysis are
presented in @ble 1. Sixty-nine prevalence esimates
(47 smudies), corresponding w a wial of 75153 commu-
niry-dwelling obder adules, were included in the frailoy
metz-analysis. The random-effecs pooled prevalence
of frailty in communit-dwelling older aduls was 17.4%
(O5% CI 144% to 20.7%). Cochrans Q and P indi-
cawed a high heterogeneity berween included smdies
(Q=R756.8, dF=68, P<0.001; I*=00.2%,) (figure 2). Funnel

plot asymmetry (figure 3) revealed evidence of reporting
biases and/or beween smdy hewerogeneity. Results of
Egpger'sweighted regression test further confirmed the
funnel plot asymmetry (P=0.042).

Fifty four prevalence estimapes (42 sdies) corre-
sponding tw 47302 partcipans were included in the
prefrailey meta-analysis. The random-effecs pooled prev
alence of ilry in community-dwelling older adults
was 40.5% (05%, I 46.4% w 52.2%). High heterogeneity
wias olserved between included siudies (Q=2082.6, df=55,
P<OL00L; '=97.5%) (figure 4). Asymmetric funnel plot
(figure 5) suggested the existence of reporting biases
and/or beween study heterogeneity. However, results
of Egger's weighted regression test was insignificant indi-
cating no funnel plot asymmerry (P=0.817).

Subgroup analyses

The pooled prevalence varied by the assessment methiod
and the highest prevalence of frailty was reporied for
the EFS, 350% (05% I 81.7% w 402%, I*-61.0%,
P=0.0:22). The lowest prevalence of frailty was reponted
for the FRAIL scale, 12.4% (95% CI 8.4% tw 17.1%). The
poeoled prevalence of frailty for the Fried phenotype with
five criteria—weakness and slowness assessed using objec-
tive tests was 12.7% (05% C1 10.9% w 14.5%, [*=04.8%,
PoALI01) (online supplemen@ry appendix D). Resulis
for pooled prevalence of prefrailty stratified by the frailey
assessment method is presented in the online supplemen-
@ry appendix [.

Twenty-four prevalence estimates were available from
24 smdies using the same assessment method (Fried
Phenotype with objective tesis) for sex-swratified analysis
of prevalence of frailty and prefrailey. In wial, there were
10507 and 15458 male and female participants, respec-
tively. The pooled prevalence of frailey in men was 11.1%
(05% C1 B.9% o 15.4%, 1°=01.4%, P<0.001} compared
with 15.2% (059, CI 125% w 1815, 1%-05.29, P0.001)
in women. Frailty prevalence was significantdy higher in
women compared with men (Z=-7.38, P<0.001). The
pooled prevalence of ilty in men was 53.8% (05%
CI 51.3% w 56.3%, I'=80.0%, P<0L001) and women was
56.5% (95% CI 54.0% to 58.7%, I'=B6.2%, P<0.001).
Similar to frailty, there was a smustcally significani sex
difference in prefraily (F=-3.51, P=0.001).

The prevalence of frailty increased gradually with
advancing age {online supplementary appendix E). The
prevalence considerably increased afier age of 75 years.
The prevalence of prefrailty also slighty increased with
advancing age and was =50% in all age groups. An age-re-
lared incremental rise in frailty was evident even afier
suratification by sex {online supplementary appendix F).
Prevalence of frailty was higher in women in all Svear age
bands. There was no age-related trend for prefrailty afier
suratification by sex {online supplementary appendix G).

Supplemeantary analysis

Ten prevalence estimates (10 studies), corresponding to
a ol of 27660 community-dwelling older aduls from
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ES=Prevalence of frailty
Figure 2 Random-affects pooled prevalence of frailty among community-dweliing older adults in LMICs. ES, effact size;

LMICs, low-income and middle-income coundries.

HICs and 21 prevalence esumates (135 siudies), corre-
sponding o a wial of 9586 communit-dwelling clder
adults from  middle-income countries, were included
in the frailey mem-analysis. The random-effecs posed
prevalence of frailey in community-thwelling older aduls
in HICs and middle-income countries were 329, (95%
I 5.9% w 11.2%) (online supplementary appendic H)
and 12.3% (93% CI 10.4% w 14.4%) (online supplemen-
@ry appendix [}, respectively. The prevalence of frailoy
in older adults from middle-income countries was signifi-
cantdy higher compared with the older adulis residing
in HICs, {Z=-8.86, P<0.001). However, it is also of note
that smdies included in the mem-analysis of HICs were

predominanty from the USA whereas smudies included
in the middledincome countries metd-analysis were
predominandy from Brazl and all the countries belong
w upper middle-income category except one study from
India. The pooled prevalence of frailty except the study
from India was 11.8% (5% CI 10.0% w 15.6%) and sll
significantly highier compared with HICs.

The random-effecs pooled prevalence of prefrailty in
communiy-dwelling older aduls in HICs and middle-in-
come countries were correspondingly 45.9% (95% CI
40.9% w 46.9%) (online supplementary appendix |} and
555% (93% CI 52.0% w 538.6%) (online supplementary
appendix K). Like frailyy, prevalence of prefrailty also
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Figure 3 Funnel plot for assessing publication or other types of biases in meta-analysis of prevalence of frailty. ES, effect size.

significantly higher among the older aduls in middle-in-
come countries compared with the higher income coun-
tries (F=-17.14, P=0.001).

Meta-regression

After adjusting for all the other study characeristics in
a multivariable meta-regression model, there remained
statistically significant differences in frailty prevalence
bemween different assessment methods. Use of EFS, firailoy
index and Fried phenotype (five criteria, weakness and
slowness assessed using self-reported questions (subjec-
tve)) was associated with a frailty prevalence approxi-
mately 20% higher than the reference method (Fried
phenowype five criteria with objective tess). Geographic
region was also a smtstically significant predicor of
frailty. The variables included in the multivariable mode]
(mean age, % of women in the sample, smdy qualicy
asessment score, geographic region and frailey assess-
ment method) explained 53 4% of variabilicy berween the
studies included in the analysis (@ble 2).

DISCUSSION

Summary of main findings

Omly one epidemiological study on frailty was found from
countries with lowincome economies™ (ZUS§1005)
according 10 World Bank Classification, 2017."* OF coun-
wries with lower middle-income economies (US§1006—
US33055) we only fownd two smudies both from India. One
wais & study site of a multicountry study® and the other one
was a small communiry-based cross-sectional soudy™ All
the other smudies have been conducted in countries with

upper middle-income economies (US§3046-US$12 2556)
indicating income inequality in frailoy research.

The mndom-effecs pooled prevalence of frailty and
prefrailry in communicy-dwelling older aduls were 17.4%
(05% CI 14.4% w 20.7%) and 49.3% (05% CI 46.4% to
52 2%), respectively. Frailty was significantly higher in
women compared with men and as expecied increased
with age. This finding is consistent with previous
research.' =% Interestingly, the prevalence of prefrailey
was also slightly increasing across all age growps at anound
half the paricipans. Both the prevalence of frailty and
prefrailey appeared significantly higher in communi-
p-dwelling older aduls in upper middle-income coun-
wries compared with HICs.

The pooled prevalence of frailty and prefrailty in LMICs
in this review appeared w be higher than the weighted
prevalence in HICs reported previously (100.7%, (95%, CI
10.5% to 10.9%) and 41.6% (95% CI 41.2% w 42.0%),
respecu'wl]r].l’ However, it is also of nowe that the partic-
ipants in HICs included people aged 265 years, whereas
5% of studies in our meta-analysis incleded participants
aged =60 years. Given that prevalence of frailty increases
with age, when participants of a higher age group are
selected, a higher prevalence would be expected. Cur
mewz-analysis included 18 smdies (56 estimates) with a
population aged =65 years. The prevalence of frailty of
this subsample was 14.6% (05% CI 11.9% w 17.4%) and
still higgher compared with HICs. In the review of frailty in
HICs, most soudies were from Europe and North America.
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Figure 4 Random-effects pooled prevalence of prefrailty among community-dwelling older adults in LMICs. ES, effect size;

LMICs, low-income and middle-income coundries.

Sudies included in our review were predominandy from
Lagin America and the Caribbean and belong w the
couniries with upper middleincome economies, with
little representation of lower middle-income and low-in-
Coime countries. A recent me@-analysis in Latin America
and Caribbean showed consistent findings w our sy,
with nearly one our of five older adult defined as frail. ¥
We found lower prevalence rates when we restricted the
me-analysis only w the Fried phenotype with five criteria,
including objective measures of weakness and slowness.
This found a pooled prevalence of fraily of 12.7% and
prefrailty of 55.2%. The review on fraily and prefrailoy
which included only HICs has simply repored the weighted
prevalence of frailty and prefrailye ™ Given the heternge-
neity of the studies along with the actual differences of

frailty estimates in different populatgons, we performed
a supplementary analysis for a fair comparison of fradlcy
estimates between HICs and middle-income countries {no
studies were available from low-income countries using the
same frailty assessment method). Resules indicated siggnifi-
cantly higher prevalence of frailty and prefrailey among
communit-iwelling older aduls in middle-income coun-
wries compared with the HICs. Another review of the prev-
alence of frailty measured by the Fried phenotype based
on communit-dwelling older adules = 65 years in naton-
ally represenmative samples reported lower prevalence to
our estimate except in the countries of Southern Europe
{France, Ialy, Greece and Spain).® Lower prevalence of
frailty is also observed in high-income Asian countries
{Japan, Singapore and Taiwan).**-4
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BiZE.

In contrast w these findings, a single multicountry
study conducted with data from 14 HICs in Europe and
six LMICs (China, Ghana, India, Mexico, Rusian Feder-
aion and South Africa) reported higher frailey level
(high mean frailey index) in HICs compared with the
Iow-income countries® This smdy included naionalky
represen@tve samples of adults aged =50 years. They
also found an inverse association berween level of firailoy
and income and education in both HICs and low-in-
come countries. Individuals with poor education and
low income were more likely wo be frail. Higher levels of
frailty in HICs could be due w the higher survival rate of
participants with advanced healthcare and social prowec-
tion. On the other hand, as the frailoy index is based
on a list of deficits incuding diagnosed diseases, many
medical conditions could be under reported/ diagnosed
in the panicipanis in LMICs. Similarly, in most LMICs
where access w contnued care is lacking, maintenance of
medical reconds are poor making it difficult w use cumu-
lative deficit models.

In our smdy, even among the studies using Fried
phenoype with objecave criteria, there was considerable
variation in operationalising the five phenotypic criteriz.
Furthermaore, the approach o deriving frail out-odfs for
weakness, slownes and physical actvity criteria were
varied. OF thiny smdies, 17 have calculared their popu-
lation specific cut-offs based on the anthropomery of
their own smdy populations. Eight studies have used the
cut-offs developed by Fried & al in the Cardiovascular
Health Smdy {CHS).! The pooled prevalence of frailty is
higher with the studies that used CHS cut-offs compared
with the smdies that used own populaton specific

cutoifs. However, the pooled prevalence of prefirailty was
similar in both groups. Similarly, the number of deficits
used in frailty index and cu-off poinis for defining Frailey
and prefraily smms were inconsisient. ™ A further
meta-analysis with all available smudies including both
higher and the lower and middle-income countries woulkd
be valuable, conurolling for frailey assessment method, sex
and age composition of the sample. In additon, met-
odologically comparable sidies across countries are
required to study the tue population difference of frailcy.

Strengths and weaknessos

This is the first systematic review and met@-analysis on
prevalence of fraily and prefrailty among communi-
o-dwelling older adults in LMICs. The strengths of our
study include we conducted a comprehensive literature
search in six electronic da@bases with a comprehensive
search strategy, including WHO Global Health library
tw apture siwdies published regionally. Mo language
restriction, subgroup analysis of prevalence of frailty and
prefrailey with substanial number of smdies, and using
a met-regression technique o idendfy the sources of
heterogensity between the studies, contacting authors o
get the additonal informaton of the studies required for
subgroup analyses were also srengths.

Both funnel plot asymmewry and the results of the
Egger's weighted regression test indicated the presence
of reporting hiases and/or berween siudy heterogeneity
in the random-effects met-analysis of frailoe The namre
of our study effect (prevalence) is unlikely w be affected
by publication bias. However, publication bias could also
be affected by smudy size, funding source or research

Sirwerdnana DO, &t al BAL Open 20158:e018185. doi:10.1136/bmjopen-201 T-0ME186
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group. We noted that majority of the studies included
in our meta-analysis have large samples. Multiple sources
have been identified that could affect funnel plot asym-
metry including reponing biases (publication bias, selec-
ive OWiCome reporting and selective analysis reporting),
poor methodological quality, true hewerogeneity, ane-
farmml and chance ™ ¥ In our case, we believe that the
funnel plot asymmeury is mainly due tw the true hewero-
geneity beoveen the siudies mainly because of the use
of different frailty assessment methods. And also, it is
possible o have a true underlying difference of frailcy
prevalence in different populations. Another limi@tion
of this study was non-inclusion of grey literamre.

Implications for practice

The findings of the sdy suggest that the prevalence of
frailty appears higher among community-dwelling older
aduls in upper middle-income countries compared with
HICs. One smdy was identified from low-income coun-
wries and mwo studies from a lower middle-income country.
Despite evidence that populations are rapidly ageing in
many of these countries, we do not currently know the
prevalence of frailry in these populations w inform heald
and sodal care planning. Research is required from
low-income and lower middledincome countries with
rapidly ageing populations o estimate burden of frailoy
and w understand how Frailyy affects the day-to-day lives
of older people. Furthermore, a consensus is required
on methods of assessing frailiy w allow for more robust

COMPATiSHNs ACross poplladons.

The authors trank Sophls Pestison {57, Clinical Support
Litrartsn, Aoyel Free Hospitsl Medical Libeary for the sssistsncs and support
prvided io conduct e IHerztre sasrch. They aiso acknowledge 3l the authors
Wi 5t sl dats Fequised o Meta-anshyss.

Coniribuiiors D03, KAW 2nd GR: concelved e iea of this systematic review.
D0S: designed, conducted e study and drafed e manuscript. SH: was the
sacondary reviewes of the sysiamalic review 2nd lavolved with screening, data
extraction, sludy qualty assesament, data snalysls and provided importznt
Insliectus facts io nevise Te manuscripl. KAW, GR and MOW: provided Important
Teedback 5 varlous stages of the shady; devisad Se profocal, resoived the
bestween DOS 2nd SH 21 e study selection process, clarfed
the tssues retated o study qualty assessment and Interpreted Te Tidings and
proviided important intelechusl tects o revise he manseript.
Funding DS Is 3 Commonwesith Scholar, funded by UK govesmment (LKCS-2015-
BT E) outside the submitted work.

Disciaimer UK govemment, §e funder, has no roie in the design, execuiing,
analysts, Imerpretation, drafting the paper or decsion ie publish.

Competing Interests. Kong dedarsd.

Patient consent Not required.

Provenanc: and pesr review Not commissioned; exizmaly pear reviewed
[iats sharing statement Mo addtionsl det svalahis.

Open Access This b5 &n Open Access ariicle distrhuied in acoondance with the
Creathe Commons Afirbation Kon Com mescial {CC BY-NC 4.0} license, which
permits others 1o distribute, Femie, adspt, talld upen this wen

and mmmmwmmmnmmn
property cited and the wse ks nan-commertial. See: hitp-foreathvecommons ony
Icensesty-ncd. 07

© Arscie authons) jor their smployers) uniess ofenvise staied i the e of the
articie} 205 Al nights reserved. Mo commescial use I permitied unless oifenwtse
Expressy (ranted.

HEFH!EH:ES
Geneva, Switesrland: World Health ization, A0S,
2 mnnﬁmww Challengs of Suooess.
144

pa

Murbj'JE.\khB.meGA.Hd. Frailty cormsrmus: & oall to
aation. J Am Med Dir Assoo 2013;14:380-7.
. Fried LP, Tangen CM, Walston J, et al. Fraity in clder adulis:
evidenos for a phenotype. J Gerontol A Biol Sof Mad Soi
2001; b6 M146-067.
5. MKHMEWC &f ol Prevalence, affributes,
and catoomes of fitness and frailty in community-dwelling older
aof health and aging. ./

-

adults: rnpndfmmlheﬂ‘-'-dun
Garontal A Biol Soi Med Soi 200458:1310-7.

6. Clegg A, J, llifie 5, =t ai. Frilty in siderly people. The Lanost
Bﬂ%ﬂhﬂ'ﬁ

7. Bandesn-Foche K, Xue OL, Femuoo L, =t al. of frailty:
charctertration in the: women's health snd m.mm
A Biol Sci Med Soi 200661 2628,

8. Ensnsd KE, Ewing SK, Cawthon P, et ai. A comparison of fmilty
indexes: fior the: prediction of falls, dissbility, frectures, and mortality in
cider men. J Am Geriatr Soo 2008074924,

9. Xue QL. The frailty definition and natural history. Clin
Gariatr Med 201127:1-185.

10. Wesonese N, Cersda E, Stubbs B, et al. Risk of candicvascular
disease maorbidity and mortality in fmil and pre-frail clider adults:
Fesults from a meta-analysis meta-regression
-“mmmmrmmy

1. MS, al. and
Feng L, Myunt Feng L, &t Fﬂypﬂdmnﬂmm

symptoems amang
findings from hmgimi-l aging study. J Am Mad Dir
mzma;m;ﬁ-m

12. Alencar MA, Dias JMD, Fi LG, =f o Transitions in
Statusin {Huﬂmh.Tchu"ﬂ'
20152010812,

14 E‘-I'I'M E‘-..IH:-.HEA.HMHI-E et . Tramsitions betwesn frilty
mim =

T4, Lo= JS, W, =t al, Trlummhﬂj
MTION OO mea nchuits and their sssociated factons. J
Am Med Dir Assoc 2004, 153816,

15. Caollard M, Boter H, Schosvers RA, af al. Presalanoe of fmilty in
oMM clder parsons: a systematic review. J Am Ganatr
Soo 21 1487-

16. Theou O, Brothers TD, Aockwood MR, et al. Exploning the relationship
bﬂmmﬂmmrdm-ﬂmhwum-ﬂﬁﬂy
in, rmi and older Europeans. Ageing 2034261449,

17. Nguyen Ei.mrrl'lgHG.HinuSN.T i
devalcping thﬁm-MAp:giﬂin:ﬁ-ﬂF&

18. Cochrane. LMIC Filters. 201 hitp 2fepoo_cochrane. ong/imic-filtens

18, Ve Wotd Bark o

Bami Gountry and Lending Groups. 2007
hittpridata worldhan and-lending-groups
[mudﬁ&q:-lmh‘]

2. Word Health

. Proposed working definition of an older
person in Africs 'H'bullDISPrupcl. HnE h‘ﬂpu"mﬁm:rh"

hﬂlﬂnmhmmddmﬁm’u‘r’hmﬂdw 20
. LA:l'll.'le‘..ﬂ'-l'bEl'! Muﬂdﬂriﬂl:::-llm‘
the health ressssch lientue: or incidence: of o heatth
. Chromic Dis Can 1888;18170-6.
a, D-m L.El:-dpu.l of o, Modfications to the frasty
atic neview of the current Fberabure and
by phenctypes in the Survey of Health,
. Ageing Res Rew 2015217864,
@ Stotn command to

in meto-analyses. B 2008327 56760
. Shﬂ'nn.lﬂ...&llmhl,hﬂmuﬁ.l‘ﬂd Hm‘rl'ru'lthﬂufu’

controllad
M. Egger M, Dovey Smith G.S@mdlﬂ.dd. Blizis in metn-anafyss

dtnbudb; simple, fest. BT 1087 31560034,

27. Sedgwick : hovw bo resd @ furmnel plot. BMJ
E]1S.34M13-12—E.

#8. Harbord AM, Higgins IFT. Meta-regression in Stots. Siaty Jourmal
200884003514,

a2 Mul'ﬂD,Li:ﬂi.:A,'EﬂzH‘l.de Preferad reporting itemes for

wm-ﬂmmpmuu.mm
0EnEe] O0006T.

Sirwerdnana DO, &t al BAL Open 20158:e018185. doi:10.1136/bmjopen-201 T-0ME186

497

15

ybuddeo dq payoayony Eant Lg g10Z Anr 1 o oo ey wedofusydy woly pepeojums] BHOZ WIEN | U0 5518101 10Z-usdalusgor) | 0l ST peysngnd sy uedd) g



Open Access &

. WK, G..H'.oi.!\.ﬂ.ll.ldmﬂymg
{:H:lu in Rural Tanzanis Exp Agisg Res 201 74320773
Ii. Jotheeswaran AT, Erj'mFLPln M, =4 al. Frailty and the prediction
ﬁ:mcbmmd in love- and middie-income countries:
mmﬂ:mmmmm
X Knshioar A Presmlsnoe and detessminanis of
nldu'lrll.h mmawmw
EE.MEE. i WY, Beland F, =t al. Lanmluu.ll-'ld

to fraiity in Lafin Amenican older men and
mJGﬂmﬂAMSﬂﬁhﬂ&:WﬂM

338406,
34. Harttgen K, Kowal P! Strulik H, et al. Patterns of fraity in older adults:

41.

42

£

51

oomparing results from: higher and lower income countries using the:

md” mﬁ'ﬂmmmmm P

O
Sllnan-p"rmn B, Cuénoud F, Spagnoli J, et al. Prevalenos of

in midd and clder commun Europeans living
in 10 countries. J A Biol Soi Soi Eivo 1
Kojima G, iffe 2, Tani Y. et al. Prevalenos of frmity in Japan: a
systematic review rnetl-lrﬂy-..fﬁnirndmﬂ‘;;?

- EhM.lnFﬂ.,Pntm PP, Andmde KR, et al. Prevalence of fraity in

Latin America and review and meta-
anakysis. mmmm 11ﬂ1m

Chai J, Ahn A, Kim 3, atal. Wmum
bey Frisd"s Criterin in Community-Dweling Elderdy i
Populntion-Based o Am Med Dir Assoc 2015 16:548-50.
'H'-'lp'h',lﬁ,{}h-mg MEHiPmdhﬂyuﬂ
with sociodemogmphic and clinical characteristios,
I'ldmuu Llinhmnlpnpt.ﬂxmnlﬁ'lglpmm older adults.
Gevintr Gearontol Int 2016, 12
ﬂmﬂ\"ﬂuS&Chm.Ldeﬂn ni-.l

m Y, L|.|uE-H ef al. Prevalence and Associated
;mnilFrﬂtjﬂrmngEdukanphnthGm
Woo l, Zheng Z, Leung J, of al. Hmﬁmafﬁﬂjlnd contribartoey
factors in three Chinese populations
mhﬂmmmwmmmm

Correlates. Asin P J Puhiio Haalth 30152782561,

Pérez-Zepeda MU, Castrejon-Penez RC Banrester E, =t
Iﬂhndrmntjm:ﬁllmhmmhﬁt

201 2E4,

Tribess 5, Virtuoso Jimior JS, Ofveim .. Physical sctivity s o

mcldnilrbmmnlﬁityh the eldery. Rev Assoc Med Bres

-T.
Az Jomior WM, {h‘nﬂn.l&,ﬂoqumﬁ&ﬂd.
frﬂtynlddurlyruitrtlnlmu

in elderly individunls Bving in the urban anss. Rev Lt Am
mmuﬂmw_

Santos PH, Fernandes MH, Casotti GA, =t al. [The profile of fragifity

and asscoiabed factons among the registered ina Fi

Health Unit]. Cien Saude Coled 20115; o oy

mmﬂgﬂmmmlﬂdmﬂm

mmddukumd primary health oare. Acts
Soiertiarum. Health Sciences 2016308:8-18.

Medlo AC, Carvalho MS, Alves LC, of af. [Fondmnm'npm-'bd

anthropometry reabed ta the fmilty
mmﬂuﬁnlhge S-d:lﬁ.tiul
2017:3%:e00188015. A, ctal

Sousa Dizes. O, Mol

un-_bdmh:-:ﬂnm ot Fimnﬂmhuﬂ:ﬁﬂ

mwwmzmm.
Amaral AL, Guerm AQ, Nescimenio AF, et al. [Social support and the

m H; 2n3;n . b e

frailty in an clder population from the city of Fio de Janeina, Brazik:
the FIBAA-AJ Study. Clinkos: 20136897985,

Meri AL, Yossuda M3, Armijo LF, of
demographic, cogn m.ﬂiﬂywcghdmmm
from seven Brazilian cities: the FIBRA Study]. Cad Saudle

Mﬁmmm

Vieirn FAl, Guesra RO, Gincomin KC, of al. [Prevalence of fraity and
mssooiated facions in commeunity elderty in Bl Horizome,
Minas Gemis State, Brozil: data from the FAIBARA study]. Cad Saude
Pubfics 201229162143

BT

BA

.

BO.

wnd s Outcomes. . FBnclMPmulGS.FﬂmiE at al. Fritty snd cardiovasoulsr risk

- o population-based study. Ciin Aafery

M ibrr—in.

T, Pegorar MS, Castro SSde, ot al. Asscaiation of falls, fear
of i and gai with levels in the
m““m"ﬁﬁmm&wm iyl in
EﬂduLEmﬂEhgnJG,ﬂHlejmnm

FﬂﬂEPﬂmhFMﬂmHﬂHiMmmin'l
ml’-rlifm Brazilan Older
Gevamtr 20177188104,
JM, Em—cu-l-l.l muum-mu
imufmuld-rmdhﬂllrﬂmmd fmctors

amaong older adu Cali, Colombia. Colomb Med 200 34420431,
Curci El_.l-h-u{ﬂl G EF ral adults.
EE,D iy Y omez . Frastty among rural sldedy
Samper-Tement A, Reyes-Ortiz G, Citenbacher KL, of ail. Frailty and
mmﬁmﬂhmhmmmm
Clin Exp R=s 200729,

Sancher-Garoia 5, Espinel-Barmuder MC, of of.

5, Gallsgos-Carilla K,
Comparison of quality of e among community-dweling older sdults
with the frailty 8. Gl Lifer Flens 2017 262683700,
Mareno-Tamaryo K, B, Fiomss-Carmascn O, =t al.

complaints. ars sssoninbed with fraidty in Mexican older adults

ina numl setting. Gevintr Garontal daf 20171725738,
Chen 5, I-h:ﬂ.‘tumll.a!-' Auncnmbmw

s ertiond

d‘m:l:iu'peq:h.d.&m”edﬂrm Eﬁ 16438,
[<H

-4 e6.

Wiu G, Smit E, ¥ue QL of af. Prevalenoe and Cormelates of Fraitty

Amaong Commiunity- Chiness Oldar Adults: The China Health
and Retirsment Btudy. J Gevordol A Biol Soi Med 5o
27 A8

Dong L, Ginc X, Tian X, of al. Cross-Cuitural Adaptation and

Walidation of the FRAIL Zcale in Chinese

Community-Dweling Older
Aduits. J Am Med Dir Assoc 20181827, e

Wlng\".l Wang Y, Zhan JK, et al. Sarco-cateopomais: prevalence
and assooiation with in Chinssses community-dweling older
adubts. Mt J Endocninol 2 20s:1-8.

Badrasawi M, Shahar 5, F.lur.ﬁtm Risk fnctors of

fraiity among multi-ethnic malxysian muits. it o Garontol
2071160

Gurina MA, Frolova EY, Degryss M. A rmadmap of aging in Fussia:
i clder adults in

o Am Gevizdr Soo

WmSE A:ruul-l,E‘-trtnrrm-ﬁutl:duLMdi’Fntj
Mexican oormmu sldery: a story told 11 yeams.

#osiln-Funes JA, Paniagua-Santos DL, Fivera W, =t al.
employss benefits and in commanity-
dweling oider adults. Genntr Gaontol int 207161 6:606-11.
Sancher-Garoia 3, Sanchez-Arenas. A, Garia-Peta G, = af.
mmmmﬁﬂmwm
and association with 8o chamacienstios,
state and the use of healkth servicss. Garontol Int
EH 14360402,

B, Mancacghs MM, Mucuk S, ot af. The prevalence of frailty and

rﬁudll:bum Turkizh o
et P Feaity e ek AL scals. Ageny Cin 25 e
Anisdr-nla-a.

dhu Y, Liu Z, Wang ¥, et al. C-reactive probsin, frilty and ovemighit

hospital admission in ekdedy individuals: A population-based study.
Arch Gerordol Geviatr 201 &64:1-5.

Fhion JAS, Diniz MA, Leonarda KC, =t al. Frailty related o
&g—av Hurnkb?h pacd eferrn 201 2:25:10.1500/30103-
H00500001 6 [Epub ashead of primt 31 Jul 2012

HILF, Gaspar JC, Yomashita GH, et al. Frailty assessment in
hmmnlh@rﬂhuﬂﬁmm evrmmm
20N EAZAS-31.

Dusarte: MC, Femnandes M, Acdngues RA, = al. [Prevalenos snd
socicdemographic fsctons assconted with faity in siderly women].
Fev Bras Enfemn 20013;66:801-6.

Dl Brutto OH, Mem AM, Cagino K, et al. Neuroimaging signatures. of

f&umh mlmﬁ clderduits

Int 2N7T07.

16

498

Sniwardhana DD, & &1 GWLS Gpe 2018 82018196, Gok40.113560m|jopen-2017-018156

ybuddeo dq payoayony Eant Lg g10Z Anr 1 o oo ey wedofusydy woly pepeojums] BHOZ WIEN | U0 5518101 10Z-usdalusgor) | 0l ST peysngnd sy uedd) g



& Open Acceoss

E. Fabricio-Wehbe SC, Sohinveto FV, Vendnesculo TH, ot &l Cross-
cuthsml sdapiation and validity of the 'Edmonton Frail Scale - BFS' in
a Brazifan sidedy . Resr Lat Am Enfernagem 20081710438

B2, Carneiro JA, Famos Barbosa AT, et al. Prevalence and factors
nssociated with frailty in non-instibutionafred oider adults. Fev Brs
Eninm 20 ;6843542

3. Galban P, Soberats FJS, Navarro A, ot of. Dingnosis of in
wrban community-dweling older sdulis. Rev Cob Salud

. Boulos C, Salameh P, [P Malnwstrition and frailty

in commumnity dweling clder adults Bving in o ruml setting. Ciin Nudr

Sirwerdnana DO, &t al BAL Open 20158:e018185. doi:10.1136/bmjopen-201 T-0ME186

499

17

ybuddeo dq payoayony Eant Lg g10Z Anr 1 o oo ey wedofusydy woly pepeojums] BHOZ WIEN | U0 5518101 10Z-usdalusgor) | 0l ST peysngnd sy uedd) g



Paper 2

PLOS | one

L)

L
ezt ool

ECFEHACC

Citationr Sifweararara 00, Walss &, Rl G, e
Micaree I, Wessasingie WA | 2015) Crogs-coloral
atpionand peychometic avaluaen oithe
Sl e minn of Lawaon Inseume rkal A viies of
Daly Living S PLoS (ME 13{5) s019%820
g i g 0. 15T ol gt O 1SRSER0

e Sinane Repgeariond, Unbiaray o New
Soul hWala, AUSTRALA

Rest et Ja sty 19, 2018

Aeceple: June M, 2008

P islaslt Juiris 28, 2018

Copyvight: © 2018 Sidwandarm & a. This is an
oAt ss 3 gt ted wndsr The e of
e G G Atk o (Lice e, wihich
peemits unms e use, dstriboion, and

EETOLCENNIN T MA, Rdca TE aiginl
AT NC0uE A Cite

[ty Mocwitability Stalement: I rdavan cat ae
Wl e e 1 ANl Spgsniing IomTation
e

Faning: DO 2 Cornenarmealn Serolar, fundes
iy L onmmiant LS 2015678 The furdar
P o Ml i sy dasign, i colacsionard
andyas, derishonto pubiish, of pe@aton d fe
sl

Competing istereste: Tre ot fave cedand
el i et it it

RESEARCH ARTICLE

Cross-cultural adaptation and psychometric
evaluation of the Sinhala version of Lawton
Instrumental Activities of Daily Living Scale

Dhammika Deepan| Sidwardhana~ -, Kate Walters', Greta Ralt’, Juan Carlos Bazo-
Alvarez’? Manu| Chrishantha Weerasinghe*

1 Fesaanch Depad mant of Prirmardy Cane and PopulaSion Health, Univensity Colege London, London, United
Kingdam, 2 Deparkmeniof Disabity Sudes, FaculyoiMedicne, Universly ofKdlaniga, Ragama, 54 Lanka,
1 Cantro de Estuding de Pablacion, Universided Catdioa los Angaiss de Chirmbate (ULADECH-Cat fiica),
Chirmbate, Pend, 4 Depadeni of Cammunity Medicne, Facully of Medicina, Universty of Calarba,
Colomiya, SrilLanka

Instrumental adtiviies of daily living (|ADL) are cognitively complex acthvities related toinde-
pendent iving in the community. Robust lADL scales are needead, however the psychomet
ric properie s ofinstruments have been litle evaluaied. Thene is no validated instrument for
5ri Lankan clder populations. S Lanka has the highest proporion of clder people in South
Azia with rapid populafion ageing. Tharefore, it is essential to have standard instruments

0 assess actiity limiaions. We aimed to cross-culiurally adapt the oniginal Lawion Instu-
meental Activities of Diaily Living Scale from English o Sinhala and evaluate the psychomet-
ric propariesofthe Sinhala version.

Methods

Cross-cultural adaptation of fhe instrument was performed. The instrumentwas valida ted
in & sample of TO2 community-dwelling older adults aged 60 years and abovwe in SriLanka.
Relishility (intemal consistency and inter-rater relishility) was assessed. Construct vali dity
of the scale was evaluated by performing expl oratory and confimaitory factor analysis and
fe sting convergent and divergentvalidity.

Results

The Lawton |ADL scale was successfully adapied to Sri Lankan context. Intemal consis-
fency of the scake was vary high (Cronbach’s alpha = 0.91). Very good iner-rater re lisbility
was obsanved with wery good agreement for all items. Inter-class comelations for overall
A DL score ranged from 057 to 081 . Results of the exploraiory and confimatony factor
anahyses supported the unidime nsionality of the scale. Goodness offit indices in confima-
fory factor analysis were in acoeptable rangs (CFI =098, SAMA = 0.06, NNA = 0497).
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Strength of associations were significant and in the expeded direction. Resulis of the known
group validity were also significant, confirming the comvergent and divergent validity.

Conclusion

The Lawton |ADL scale was successfully translated and culburally adapted to Sinhala lan-
guage. The Sinhala version demonsirated excallent reli ability and construct validity. Given
good peychometric properties, this scale would be recomme ndad for use in future ressanch.

Introduction

“Activities of dally living” messne ment instruments ame commonly used to sses the activity
limdtations. Two types of activities are sssewed; Basle Activities of Daily Living (BADL) and
Instrurme nital Activities of Dally Living (LADL). BADL are cognitively less complex self-nain-
taining tasks which include feeding, dressing, bathing, todeting, ete. They do not require
attentional processes. Conversely, LADL are more complex and require higher level cognitive
func thons such as memory, attention and executlve functions [1, 2], Example IADL tasks are
food preparation, housekeeping tasls, taking own medication, handling finances etc. These
activitles are important to lead an independent Ufe [3]. TADL limjtations often present with
il ¢ ogritive lmpairment and early dementla [4].

A mumber of questionn sl res are available to assess TADL [3, 5], however, no gold standard
extets [5]. One of the most widely used ks the Lawton Instrumental Activides of Dally Living
Scale developed in 1969 [2, 6]. A few maodifications to the original scale are also avalable in the
lterature; modified Lawton- Brody scale propesed in 19848 [7], Lawton JTAD L scale in MEA
(Al tid et o] F e tonal Assessment of Older Adults) [£] and Lawton IADL scale in
MAI (Mulillevel Assessment Instrument) [2]. At present no sgreement on the quality of TADL
questionnaires exists. Moreowver, the psychometric properties of commonly wsed TADL ques-
tonnaires are either unavallable or do not meet the standard guality [3].

Culursl sdaptsbility, rellability and validity of the original [10-13) and Lawton TADL scale
in MAI [14] have been tested in older populations (aged =6l or 65 years) In studies con-
ducted in Iran, Spain, Greece, Singapore and Hong Kong. Study popultions induded patients
with dersernitia [ 10], cutpatients of memaory clinics [12], patients who attended emergency
poos in with 2 hip or wrist fracture due to a fall [ 11], instltutonal kred ol der adults [14] and
cormunity Uving older adults [ 13].

We found three studiesreporting IADL in 56 Lankan older adults [15-17]. However, none
of the studles reported use of standard guestionraire to asses TADL, and instead wsed a fow
selected JADL tasks. Only four IADL tasks have been ascessed in two studles [ 15, 16] and sbe
in the reraining study [ 17]. We could not identify any cul turally adapted, paychometrically
tested Instrumen t avallable to asses Instrumen tal activities of dally Iving in Sr Lanka It &
imyportant to have a standard instrursent for this purpose a5 Sri Lanka has the highest propor-
thon of ol der adulis ameong South Aslan countries [ 18] and consldered asone of the fastest age-
ing populations in the South Bast Asta [19]. IADL L ftations are assoclated with both poor
quality of life [20] and increased healthcare costs [21]. Understanding the current IADL Imdta-
thons of older adults in Sri Lanka usleg a mobust standsndbed measure will Inform plan g of
health and soc bl care services with anticipated mpid population ageing. Therefore, the objec-
thve of this study was to cross culturally adapt the odginal Lawton Instrumental Activities of
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Daily Living scale from English to Sinhals and to evaluate the peychometric properties of the

Sinhala verslon

Materials and methods

The methodology of this study comprised of two plases Phase one involved cmss cultural
adaptation of the Lawton IADL scale. Phase two was evaluating the paychometrie prop erties of
the scale which included testing the relisbility (internal consistency and inter-rater reliablity)
and validity (cross-cultural validity, stroctiral validity, converge nt and divergent validity). Fig

1 Qhustrates the study method ology.
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Lawton Instrumental Activities of Daily Living Scale

We choose the origiral Lawton IADL scale for this sudy [2] {please see 51 Flle) Tt lsa widely
used Instrument to measure JADL of olderadulis in different settings; community, clnles or
hospitals [2]. Moreover, It iseasy to admdnlster (withln 10-15 minutes). Most newer scales
have aleo been derved from the origina] Lawton IADL scale [5]. The scale encompasses elght
activities which includes shility to use telephone, shopping, foed prepamtion, howsekeeping,
bnndry, transport, ability to kandle inancesand regponsibility for own medication. Each
activity has varying number of respo nse options indicating participant’s degree of abdity to
perform esch activity starting from completely independent status to completely dependent
status. Degpite having mumber of regponses under each activity, participants are classifled into
two categories as 1 (Independent) and 0 (dependent) durng the scoring The total score of the
scale ranges from O (dependent) to 8 (inde pend ent). Historleally women were scored on all the
itenms of the scale and men were scored for only five itemis of the scale excluding the food prep-
aration, bousekee ping and laundering activities. However, the current recommmendation is i
assess all activitles with both sexes [22].

The orginal scale wses the self-repoty surrogate repont "actual performance’ question stem,
and later versions offered options of assessing self- repot/surmogate report "actual performance’
and “capacity’. We declded to use the self-re ported " capaclty’ question stem with the ltems and
response structure of the original scale as in the Sl Lankan culiural context older adulis are
often aup ported by thelr own children and relitlves According to the recent census 17% of
adults aged 6 years and above lve with their own children [13]. Hence, some are not fully
engaped dolng certain IADL activities like housekeeping, shopping preparing meal, handling
finances even though they are fully capable of those. Sri Lanka i a country with good gender
equality amnd we therefore wsed all the items in the scale with both males and fernales. Permds-
don was granted from Oxford University Press to trandate and republish the origimal scale in

Sinhala language.

Phase [- Cross cultural adaptation process
We used the systematic method proposed by Beaton and colleagues [ 24] for the ¢ ross cul tural
adaptation of self-reported measures

Stage 1- Forward teamslation: Two indepe nde it bilingual tenslatos who have a background
in public health (DDE) and community medicine (MCW) translated the English verson
of entire instrument into Sinhala The mother tongue of the both transators were Sinhala
They inde pendently recorded the issues they had while translating the instrument.

Stage 2- Syntheslsof the trandatlons: A commoen Sinhals veslon of the Instrument was created
using the two Independent transdated verslons.

Stage 3-Back trarslation: The synthesks versdon created at the second stage wasused for back
transhation process. Two trandstors (TW, 5] differe st to stage 1 ranshstors) who are fluent
in both English and Sinhala langoages conducted the back translations indepe nde ntly.

Both were blind to the original instrume ot ororiginal indepe nde ot transkted versions.
Two back ranshited versions were compared with the ariginal English verson of the instru-
ment for avalldity check.

Stage 4- Expert comrnlttee review: A panel of experts from medical, allled health sclence,
soc ol oggleal Backgrounds and teanshators (forward and badowand ) reviewed the two for-
ward trandations, two badoward trandstions with the originel scale. Consultations were
conducted in person or using digital technology. MCW coordinated this stage. Semantle,

PLDIS ONE | hiips: Fdol org 01371 Durmalpons 01 S985)  Juns 28, X018 4720

503



@PLOS | BNE Cmat-culural adaplation and peych i dnvalualion of Lindon LADL Scale

idiomatic, experiential and conceptual equivalence of the instrument were discussed at
these meetings. Any ssues raised were addressed and a prelimd nary verson of the instru-
ment was created and circulated among the review members.

Stage 5- Pre-test: The prellminary version of the Instrument was pre-tested with five maleand
ferale ol der adults in different age categories Iving in the district where the psychommetric
testing was planned The pre-final vesion of the instrument was created to we in the psy-
chometre evalmation.

Phase I1- Psychometric evaluation

Study desgn and participants. Peyehometrle evalustion; rellability and valldity testing of
thee imstroment was carrled out as part of 2 buge population base d crosssectional study con-
ducted ina district of Sri Lanka (Kegalle). The study population was community dwelling
older adults, aged &l years and above permanently residing in the rural sector of the district.
(lder adults who were unable to give the informed consent; older adults with severe dual hear-
ing and vision impairment, aphasis following astroke, severe stages of dementia, and those
with unstable severe mental llnesses and eminally Il were excluded. The estimated sample
slze was 750 particlpanits. Three-stage area probability sampling was utilized to recrult the par-

thelpants. Fifty clusters were selected usl ng probability proportionate to dze echnlgue covering
entire distrct. Fifleen participants were recruited from each custer based an the population

demographics of rural sector of Sri Lanka [25]. According to the scale of sample size adequacy
by Comrey and Lee ( 19492) sample of 5 consldered s very good where 1000 or maore consid-
ered asexcellent in Explomatory Factor Aralysis (EFA) [26] Five nusing gradustes collected
thee data from the entire sample. They were given a comprehensive training onall aspects of
the study. Partlclpation for the study was voluntary and indbme d written consent was
obtalned from all the particpants pror to collect data The ethical dearance for thisstudy was
obtalned from two ethics review committees at Unvesity College London (Project 1D: 8155/
001 and Faculty of Med icine, University of Colombo, Sel Lanka ( Protocel No. BC-16-071).

Data amalyses Participants’ characte ristics and distribution of Lawton IADL scale-Sin-
hala version scores.  The characteristics of the study sample was described with descriptive
statistics The eight iterms of the scale were coded to preserve the orginal response strocture as
they do not have uniform response structure (ability to use telephone (1-4), shopping (1-4),
fod preparation | 1-4), howse keeplog { 1-5), laundry (1-3), transport (1-5), responsibility for
own medication (1-3) and ability to handle Arances (1-3). The mdnimum mumber represents
the response indicating complete dependent statis for each Do whilst the o mum mumber
represe it the response ind e ating highest independent statns However, when assigning soores
scconding o the guidelines of the scale, response for each item was coded elther as 0 (depen-
dent) or 1 (independent). Hence, the total score of the scale ranges from 0 to &

Reliability testing. We assessed internal consstency (the extent to which different items
measured the same construct [27, 28]) using stan dand e d Cronbach’s alpha (a5 scale items do
not have uniform response siructure) and interpreted the same using the crterla proposed by
Nuneally [2].

We assessed Inter-pater reltabdity (IRR) [28] in 2 randommly selected 12% of the total sam ple
(n = 8Y), representing 26 dusters. The mumber of participants recruited from each cluster var-
led from 1-5 with the modes of 3 and 4 Research asglstanis (5 raters) ademinisered the IADL
scale. After a gap of 2.5 to 3 hous the primary investigator (PI- DIDS) re-administered the
scale with the same participants. Therefore, each participant hasbeen assessed by two raters

{A/B/C/D/E and DDS),
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‘We assesped the IRR of the each individual item considering its original response structure
(ordinal) and after scoring (binary). Partk fpants with missing values were excluded. For ordi-
nal case, inter-rater reliability was calculated wsing unwe ighted percentage agreement coeffi-
clent, quadratle welghted Coben’s kappa and Gwet's AC; with quad rtle welghts [30]. For
binary case unwelghited percentage agreement coefiiclent, Cohen's kappaand Gwet's AC,
wene wsed. Both Gwet's AC, and AC, sgreeme it coefficlents are corrected for chance agree-
mwerit and adjusted for misclasdfication errrs. Moreover, they are consstent with the percent-
age agreement [11]. Values of Coben's kappa, Gwet's AC, and AC; were interpreted using
criteria proposed by Landis and Koch [32]. Intra Clas Correlstion (I0C) was wed to asess
the agreement of the overall score of the scale between each rater and the PL Single rating,
absolute agreement, two way mixed effects mode] wasused [33]. All the agreement coefficients
and WoCswere computed uslng kappaelc user written Stata programme. Stata verslon 14 (Sta-
t#Corp, College Statlon, Texas, USA) was used for the analyses. Guidelines for Reporting Reli-
ability and Agreement Studies (GRRAS) proposed by Kottner et &l were followed [34].

Validity testing. Weassessed the construct valldity of the IADL scale, induding cross cul-
tural validation (s above), structural valids ton (using factor anahysis [28, 35]) and hypoth esls
testing [ 36] to estahlish the convergent and divergent validity of the scale [37, 38].

Exploratory factor analysis (EFA) explores the underlying factor structure of a construct
[3%, 40). We periormmed EFA with 702 participants to test the hypothesls that the scale s unidi-
mengonal Le. the 8 fiems in the scale represents one construct (Instrumental activitles of dally
Uving). Original regponse structure of the scale was used In the analysis. Parallel analysls (PA)
wis run bo determlne the number of factorsto retaln in the model. PA wascarded out on poly-
chorle (two step) correlations with permuted samples, uslng princlpal compone it e stimatlon
and mean eigenvalue critedon [41]. Principal axis Betoring was dhosen as the factor extraction
meethod because our data ks ordinal and it vicktes the asumption of multvariate normality
[44]). Principal axis factoring is also capable of detecting weak Bctors [42]. The Kalser-Meyer-
Cilkin (KMO) statlstic and Barfleit's test of sphedciy were used to determine the appropriate-
ness of running the Beotor analysls. KMO values varles from 0 to 1 and values =05 are accept-
able [43]. Bartlett's test requires to yleld significant result (p<.05). Commuralites =04 and
factor loadings = 0.5 were consldered as satlsfactory [39]. The analysk was performed on the
polychoric (two step) correlations uslng SPSS R-menu v2.0 [44].

Confirmetory factor analyss (CFA) was performed to explore whether the observed data fit
hypothesised factor strocture of the IADL scale. Aralysis was perfiormed with the original
regponse structure. To accommusdate the ordinal response structure of the scale items, CFA
was performed on asymptotic covariance matax that calculated using the polychoric correla-
tons Diagorally welghted least square technlque was used as the estimation method, recom -
mended wse when fitting structural equation model with ordinal vartables[45]. Several
goodness of fit indices were evaluated to determine the model fit. Evaluaied fit Indlces include
chl-square valse (Satorra-Bentler scaled chi-square) with its degrees of freed om and sssoclated
pvalue, Relative/normed (x"/df) chi-square, Root Mean Square Error of Approximation
(RMSEA), Non-Normed Fit Index (NNEI) Tucker Lewis Index (TLI), Comparative Fit Index
{CFI), Standardised Root Mean Residual (SRME) and Parsimonions Nomed Fit Indes
(PNFI). Inslgnificant chi square at a threshold of .05 is indicative of good model ft [16]. No
comsensusls avallable for the acceptable mtl of elutlve chi-sguare. Wheaton et al suggested a
value of 5.0 [47]. For RMSEA Tuker and Lewis [48] suggested a cut-off of 0,06 whereas Stelger
[44] propesed a strict upper lmdt s (.07, For NNFI and CFI cut-off value of = 95 accepted
& good model it [48, 50]. For SEMR avalue of < 0.08 consdered a8 ap propeate [20]. No
threshold level has been specified for PNFL CF A was performed on LISREL %30 sudent
edition
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Historically Lawton et al (196%) propesed usng the full scale (8 items) with fernales and five
ite s (excluding food preparation, bousekeeping and laundry) for males [2]. However, they
had mot checked the structural validity of TADL scale on this agpect. Therefore, we perirmed
both EFA and CFA for females and males separately including all ftems

The Barthel index of dailly Uving messures the disability or dependence lnbagde activitles
of dally livieg, which are cognitively less com plex tagks than TADL. [21]. Mild cognitive
i padrment & 2lso assoc bed with impairments in IADL [52]. Montreal cognitive assessme st
(MoCA) is abrief screening too] for mild cognitive impaimment [53]. To assess the convergent
validity, we hypothesised that IADL score is positivel y correlsted with Barthel index score and
MoCA score. Spearman’s correlation coeficlent was used to quan tify the magnitude of the
correlation. We used following criteria to interpret the dze of the correlation coefficie nits; (0 to
0.3) negligible, (£0.3 to +0.5) low, (£0.5 to +0.7) moderate, (0.7 to 20.9) highand (+0.9 o
LY as veryhigh correlation [54].

We wed known group valldity me thod to assess the divergent valldity of the JADLscale.
Advanced age ks assoctated with the lim itatlons of IADL [55]. Therefore, we hypothesised
lower JADL scores for alder age groups. The participants of this study were divided into two
groupsbased on the median age of the sample. Median IADL score of the two groups wene
tested wsing Mann-Whitney U non-parametric test since our IADL score does not follow a
normal distdbution. The sgnificance level was set as (L5, Both analyses performed using TBM
SPSS M software (SPSS INc, Chleage, IL, USA)

Results
Cross cultural adaptation of Lawton IADL scale

Stage 1- Forward teanshtion was performed as plinned. Both forward trandators encoustered
following issues The hst response for the itemn 1- "Ability to use telephone’, inthe ariginal
scale ks 'does not we telephone at all’. We felt that this response can be interpreted in differ-
ent ways. A person oould be not using a telephone at all since hefshe doesnot have aoneor
incapable of using It Incap ability could be due to an Impalrment or the person hasnever
used fi before and have no skils to use it The same lsae was noted for the last response of
iter 6-"Mode of transportation”. Both tramsktons were uncertain shout the ddentlcal Snhals
word to Instrumental’.

Stage 2- Pl prepared the synithesis version with the ald of both Sinhala versions.

Stage 3- Backwand transdation was aleo carried out a5 planned. Both backward translated ver-
slons showed good sgreement with the original English verson.

Stage 4- By consldering the ssues ralsed In the forward transation process (stage 1), panel of
expertsagreed to replace the kst response of item 1 with the meaning of Incapable of using
the telephone at all' in Sinhals However, they acknowledged that still the response could
ot be applicable to a person who has never used a telephone. Hence, the suggestion was to
ask whether they have ever used atelephone if their regponse is” incapable of using the tele-
phone at all”and make a note in the questionnaire. Simdlarly the last response for item &
('does not travel at all’) wasreplaced from “incapable of travelling at all”. Example apparels
used in the second response of ltem 5- Laundry” were replace d from “socks” and “sockings’
to ‘small hanker chief and “small towel', as more relevant to Srl Lankan older adulis lving
in tropleal dimate Example activitles wsed bn the flmal item-"ability to handle fnances’ were
Tudgets, writes checks, pays rent, bills, goes to bank’. They were replaced from malking 2
payment for electricity or water bill and doing bank tramssctions. We could not find an

PLDIS ONE | hiips: Fdol org 01371 Durmalpons 01 S985)  Juns 28, X018 Tran

506



G PLOS | one

Cmes-cullural adapislinn and peychamatic evalusSion of Liwian IADL Scals

Mdentlcal Sinhals wond for the word “instrumental’. Therefore, we substibuted that word to
“non-basdc’ in Sinhaly

Stage 5- Mo difficuliies were encountered in pre-testingand the IADL Sinhala verslon and
showed good acceptability.

Psychometric evaluation of Lawton IADL scale-Sinhala version

Soco-demographic daracteristics of the study participants. Datacollection wascon-
ducted from 03™ October to 257 Decernber 2016. Seven hundred forty sx participants were
recrufted for the sudy. Twenty three particlpants were excluded as they are not fully conver-
st in Sinhala language. Twenty one parti ipants were excuded 2 they had never used 2
telephone and/or were completely unavare of how to ook, Five malesand eight fomal es had
never wied atelephone. Seven males were unaware of how © cook. One muale participant was
excluded for both ressons. Therefore, the effective sample was 702

A sub sarmple from Sinhaks speaking participants was invited to test the IRR. Six partici-
pantsinvited were excduded when testing for IRE. Of the six, two had not used atelephone
ever and response for one ltem in the scalle was missing for four particlpants in the PT's dataset.
Elg 2 demonstratesthe study fow chart.

Table | presents the soclo-demographlc charactedstics of study sample (8 = W02) and the
sub sample used to test IRR (0 = 83). The percentage of the Smales in the study sample was
53.7%. The median (IQR) age of the sample was 67 (63, 75) years. The age of e participants
ranged fom 6 years to 94 years. The median (IQR) age of the sub sam ple used to test IRE was
6 (63, 73) years The age of the participants was ranged from 60 years to 91 years.

Distribution of Lawton IADL scale-Sinhala version scores. The frequency distribution
of the responses for each itern and overall score are presemted In 51 and 52 Flgs respectively. A
negatively skewed distribu tlon was observed for responses of all the ltems and overall score.
Table 2 presents the median and inter guartile range for the scores of each ltem. None of the
items” or total score distributed noremally.

Intermal consistency and Inter-rater reliability. The intermal consistency of the scale
with 8 item s asessed by Cronbach's alphas was (091 8. Cronbach’s alpha if an item deleted is
presented in the Table 3.

Table 4 presents the unwelghted perce ntage agreement coefficient, welghted Cohen’s kappa
and Gwet's AC; agreement coefflclent for each ltem acconding to the responses in the odginal
scale. Relatively low absolute percentage agreement wasobserved for the "Housekeep ing' ltern
between PLand all five rales compared with the other items However, for all the items prei-
ey investigstor hed 3 satishctory sbsolute funwelghted percentage agreement coefficient
ranged fom (L2 tol (W), poor to excellent welghted Cobse s kappa (000 to 100) and substan-
thal to almvost perect Gwet's AC (0,62 to 100) agreement coefficlent with all raes. Interest-
ingly, weighted Cohen's kappa was not computed when the percentage agreement too highor
sy bow inndlicating the “kappa paradox’[56]. Flease refer 51 Table for IRR for each itern after
scorng ashinary. Rater A, C and D showed 10C values above 0.8 Indicating an excellent reli-
ability. In overall, 10C values for all the raters were above (.5 and indlcate moderate to excel-
lent rellability [13].

Exploratory factor anabysis, Kaiser-Meyer-Olkdn measure of sampling adeqguacy was
0.898 which ks considered a “very good’ value [57]. The Significance valne of Bartlett's test of
sphericity was <0001, indicating that the correlations between the item s were significantly dif-
fere nt from zero. Results of the parallel analysis suggested to extract one factor (Eig 3), indicat-
ing the unidimensomlity of the scale. The first factor explained 79.4% of the total varkance. As
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shown In Table 5, the communalitlesof 8 lbems varled from (392 to 0903 and factor leadings
wene vated from 00626 to 0950, Item scale correlation (corrected) for all the ltems were above
0.7 except for item 1. The polychoric (two step ) correlations matex s available in 53 Table
EF A results by sex aloo showed a stable item structure (8 items) acnoss both fernales and
males Parallel analysis suggested to extract one factor in both cases (53 and 54 Figs). The
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Table 1. Soco-demuegraphic character botics of the sudy partidpants.

Characieristio Stmd ¥ sample Snlb sample nsed in test [RE
%) (%)
Ly Muala % (453 ETEDRY]
Famals B|7 (537) 53(63.5)
Age aegary (ars
oo B2 (335) 1B(33.7)
L] 19 (265) 12(265)
T4 = {130) 15{181}
T = {130) &({7.2)
>80 = {132) 12{14.5)
Mar ial statos
Hewer | 33 {47} T{E4)
Marriad L7 (s0E) 43 (518}
Sparaied 12 (17} 2{24)
Drpemrcad 5 {07 1{0.2)
id onemd 3 (3LE) 0(363)
abaitng 2 {03} R
Living 3
‘With spose = {1L3) 11{13.3)
‘With children fother family B0 (515) 55(783)
Alaniz 43 (a1} T{E4)
B atio nal status
Hewer sdhon bad: anable fo nead and write 31 (44} (14}
Hewer adhen bad able i read and write 3 (o) 1{1.2)
Pamed Grade 1-5(1-5 pears) W53 (237) IZ(26.5)
Pamed Grade &- 10 {610 years) 6 (350) 29({35.0)
Pamed G E QWL {11 years) =1 {Z5E) T4{285)
Pamed G B ASL {13 paars) & (B} (&)
Higher ednmtion { B yersmind rmom § 1% (28} -
Percdved finandal stams*
Finding it di ficuliivery difficalt Mo (za0) 15{18.1}
Jast abnt gesting by |0 {541} 48(57.5)
Living com fartably 3 (255) {241}
*Using a qouestion of Wsich and Lewis | 995E) (Welch &, Lewis (i Powerty, onem ployment, and commaon meenial 3 sonders: pogeola tion based onbant sindy. BM]
BFFEIT{TIAEIS)
b bR A3 i e 0 199ER0 1001
percentage of variance explained by the first factor was 80.2% for ferales and 81.5% for males
The ¢ ommmunalitles of 8 ltems varled from 0357 to 0093 and 0421 to 0.925 for females and
il es regpectively. The fictor loadings were varied from 0598 to 0966 for fernales and from
6d% to 962 for males. The polychonc (two step) corre lations matrixes by sex are available in
53 and 54 Tables Flease refer 55 Table for additionsl resulis.

Confirmatory factor analysis. CFA resulis are presented in Table 6 The messurement
mode] with standard factor loadingsand unlguenesses are presented ln 55 Flg. Standandbred
factor loadings were ranged from 0,660 i 0.958. Values of goodness of fit indlces; NNFI, CFI
and SRMR were In acceptable range Indicating an excellent mode] fit. However, the chl-sguane
value was dgnificant, 3 (20, 702) = 14442, p <0001 The value of relative ¢hi-sguare (37/df)
was 7.2 and not in the acceptable range Simdlarly, RMSEA value was too high and neither in
accepitable range.
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Table . ltem desoriptive statistics of LA DL scale-Sinhala wersion.

liem Tiem descrip tion Min, Max Median Dependent
(IR} n (%) n %)
Tem 1 Aty iy e e i 14 4 (24) 73 (10.4) 619 (E5.5)
ltem 2 Shopping 14 & (44) 145208} 556 (792}
Bemn 3 Fosnd jpere para tiom 14 4 {44) 135 15,5} 5&3 (R0}
Be=m 4 Hiovasdkeeping 15 5 {55) 39(5.6) B3 54 4)
Fem 5 Lanndry 13 3 {33} 3&(5.1) &5 {54 5)
Bemn & Mande of tra e tia n 15 5 {55} SE&{E0) &46 20)
Eem 7 HReespon sibvillity of own medication 13 3{33) 50 (12.5) 612 E7.3)
kem B Ability o handle finances 13 3{23) 55(7.5) 4T [T}
Creerall LADYL scome =3 & (72}
MR- Imter qoatils range
Ji b 0E T B BT TG = 22 ey

In CFA by sex, standardized factor loadings were ranged from 0645 to 0973 and from
0673 to 0981 for females and males respectively. All the goodness of fit indlces except chi-
square, and RMSEA were in the acceptable range for both sexes Please refer 5 and 57 Tables
for addithoma] results

Tterm 1 (ability to use telephone ) consistently demonstrated low commurality, factor losd -
ing and iterm-scale correlation in EFA and low standardized factor loading in CFA. Further-
mvire, Cronbach’s alpha was slightly higher when item 1 was deleted from the scale (see
Table 3). This finding was consistent even inthe sex stratified amalysis

Comvergent validity. The Spearman’scomrelation coefflcle nits between Lawton LADL
score and the scores of Barthel index and MoCA were 061 and 041, Indlcating a moderate
and low strength of assoclation respectively. Both correlation coefficlents were significant at
Pl

Divergent validity. The median age of the sample was 67 years. Therefore, the sample
divided into two groups a5 age <67 years and 68 years. The median (M)R) IADL s ores for
both groups were 8 (0) and 7 (1) (Mann-Whitney U = 37,974, p<0.001) demonstrating a
lower JADL score in older group as hypothesised

Discussion
Summary of main findings

The Lawton Instrume nital Activities Daily Living scale was successfully transhated and cultur-
ally adapted & 56 Lankan context. The Sinhals version of the scale demonstrated excellent

Tahle 3. Cronbad's alpha if an fbem d deted in LAV sl o-Sinballs ver shon

liem Tiem descriptian Cronbacds alpha if an item ddsted
Hem 1 Aty to e tedep home o

I=m 2 Shopping LE )

fem 3 | Food preparation oAD

e 4 Housskesping T

kem s Laundry o7

e & Miods of transp n o

Itam 7 Respoin siblity of cwn medication L]

Iem & bty ta han dle finances L)

I g i 0L 1 7 fpcwar e 19IREA0N00S
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Table 4. Item wise inier-raier reliabsllity with origina response stroctore for Lawbon LADL scale-Sinhala verslon and 1CC for overall LADL score.

liem liem description PlA{n= 13} FL-B (n= 15} PLC (n= 17} PLD fn = 17} PLE (m=21}
P | Fe [ P | Ne Grwet’s P | Fe Grwet's P | K Grwets P | & Grwet's
AC: ACs AC: ACy AC:
liem | Ability o s idephane as |77 07 053 | asl o 054 @57 058 (o3| 09| o%e  (0s0| o | o5z
1
Item | Shopping as: |a7s 0Es a73 | am o= 071 | @50 087 |oEE| 053] 057  (050|-005| 050
2
liem | Food preparation 0Es | sz [-Lx ] Q&7 | s o 071 | @7Z( oEs  |oED| WDD| o8 (095 ois | osd
3
Item | Homsdhesping Qs | B3z azs Q57 | ass oz ezl (as) 0Ed a7l | oo oz o7s| oo a1
4
liem | Laondry Mot compatedt o0 | asl o 0EE | @77 [ 056 (o2 |oo0e| o059 (oED| oe|  os2
5
liem | Miode of transpa ration Q77 |oss [ a7l | asz o= 076 | G52 0% |OED| 04| 092 (090 048 0ET
]
Itz | Hesponsibility of own 0s: |oTs 057 053 | ars o= 054 | @9 [ 058 100|100 100 (095|079 | Oss
7 | madicatiom
It | Ablity o handbe finian cs Q77 |edl [<T-5] 05T | G486 s 052 | avE| oSl oS | B3| o=l |oTs| ods | as
L]
Inira Class Corrdation 05 (BT, 65T} ELEZ (B, OLUS) LS (073, 056} ELEE (LS, 0.58) OUST (0L, s
(95% (1)

P Umersighitad peroen g agresment cosffic snt, c,—Colen's welghtsd kappa. Mon-signi fieant agresment cosffic st {po 005} and 2era agreement anefficienis ane
displayed in bald
Mot computed®, since ratings do not vary.

e i g0 13T Sl ety CSSER0 004
b o Eigurna cos ez = 1)
o \ * Pasllel Arilys 1)
i Uplirr & aarcin
|'| ALvglEr=ac Faoa
i .
i
. |
H \
=
“ |
oo [
(41}
a }
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- i e _\_:'_‘_‘—u"
""'\-;\__ e - _
= —_ ——
- ] —_— 0 — T T =
T T T T T T
1 > A d 5 fi T i
Compong s
Fig 3. Paralle] anaby s baeed on permumied data
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Table 5. Resulis of he apl ry facthor analys s
liems e desord phion Exploratory factar
Comamunality Fator oad ing It ik 1

Rem 1 Al ity io ose tdephane a3 0525 osa3
lem 2 Shopping [F ] 54 oEss
Item 3 Food preparation 0.TH o851 [pl
Item 4 Honsekeeping 05E o550 [Fox]
em 5 Laandry [l -] OEEY 077l
kem & Maode of transg 0848 o5zl sy
kem 7 Roespo nsibility of cwn mead doa tlon oTE oLEET B74s
kem 2 Aty o handle fin 0ER o5as s

Them ioml correlation with itsown Lawion LA DL cale cormrected for overlap.

*Fit indicese GF1{ULS) = 0980 RMER = 0053

b b= A ST Sy e O 1SRRI NO0S
rellability and construct valldity. Internal consstency of the scale was very high. Satisfactory
agreement was observed between PLand the raters for all the ltems in the scale. With regard to
the overall soore, IOC values were between 0.57 and 091 which isindicative of moderte to
very good agreement. Findings of EFA and CFA strongly supported the unldimensonality of
the scale. In EF A, communalities and factor loadings for all the ltems were well above the cut-
off values Similady all the goodness of fit indices in CFA were in the acceptable range except
chi-square and RMSEA. Eight itern structure scale was stable acnss both fernalesand males.
Resulis of the sex sratlfled EFA and CF A were also conslstent with the maln analysls. We
observed moderate and low positive correlations between LIAD L score and scores of Barthel
index and MoCA respectively. The scale was capable of detecting the difference of overall
IADL score between age groups.
Reliability
In line with other stsdies, Lawton IADL-Sinkals version has demonstrate d an excelent inter-
nal consistency. Cronbach’s alpha coefficlent was 0.91. Of all studles Spanish version has dem-
onstrated the highest alpha value of 0.04 [11] whilst 086, 0.84 in Hong Kong Chinese (Lawton
IADL-CV) and Greek verslons respectively [ 12, 14]. The lowest was observed inthe Perslan
version | Lawton IADL-PV) [10].
Tahle& Rembis of conflrmatory fuchor analysls.
Items Item desori ptian. Canflrmatery factor analysis®
Siandardi wed fac toer boadi ng Standard ervor

It 1 Ability tonze telephane [:T] o034

Item 2 St piping 0538 oonz

Item 3 Fueced pirparath 0ETI oozl

Item 4 Housdesning 0558 oLoaE

Iem 5 Laandry 0536 o.on7

Item & Muode of tran spartian o511 n.on4

ltem 7 Respoireibi bity of owm medicaton 0ET3 0or3

Item ® Ability tohandie fi nances ns1E oon3

* Pt in dices RMISEA {50% (1) = 0283 §0270-0297), NNETL = 0.977, CFl = 0.5984, SRR = 0,08, FNFl = 070

iR i g0 1371wl peee 0 19E0A008
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‘We found IOC valses ranging from (57 to (L91 for five raters, with three raters having val-
wes above (U8, in a relatively large sample of 83 participants. The inter-rater reliability of the
orgina scale was (L85 however this study was with a small sample (n = 12), interviewed by
one interviewer In the presence of the second rater who dld not particlpate in the interviewlng
process [21]. Two further studies have reported the inter-rater reliability, with FCCs of 0096 [10]
and 0090 [14] in sledbarly small studies In the kitter, inter-rater rellability was assessed with @
participanits on video-taped IADL abilitles, and this method (videos) has been shown to pro-
dusce higher inter-rater reliability [58].

Unlike our study, none of the prior studies have reported the item-wise inter-rater reliabil-
ity of the scale. Inthose studies, BOC was computed based on the total score of the scale. It does
not reflect how each rater marked the response for each item based on participant’s response.

Validity

EF A results of our study steon gly sup ported the unid im ensio nal ity of the scale and corroborate
with the existing literature [11, 14]. In our study first factor explained 70.4% vadance whilst
e% and 50.1% variances explained by the Hong Kong Chinese and Spanish versions corre-
spondingly. Eight item structure has an excellent factodal validity across both sexes [11]. We
excuded § male participants from the analysis since they were completely unaware of how to
cook. However, this was only 24% of total males in the sample. In contrast, Ng et al (20d6)
found two strong Factors underlying physlcal and cognitive domalns of TADL n a moulil-ethnle
Aslan population in Singapore [ 13]. Two factors explained 87 5% of varlance. Interestingly,
phiyseal TADL domadn incuded 5 items (grocery shopping getting to places outslde the
house, dolng howsework hand ynan work, doing lunsdry and preparing meals) and cognitive
dontain included remaining three items (using te telephone, takdng medications and manag-
ing finances).

All the reported goodness of fit indices of CFA (RMSEA, TLI, and CFI) were satisfactory
and alll factor keadings were dgnificant in the Spanksh verdon [11]. Similady &l the factor
leadings were significant in Sinhala version and values of TLL CFIL, and SEMR were in the
acceptable range. However, our RMSEA value was not In the acceptable range. One possible
explanation could be we of digonally welghted least square technigue estimation. Nye et al
dhowed that RMSEA appears to be affected by sample size [50]. With a sample of 4, they
have observed increase of cut-off value for RMSEA whilst SRMR seems to be performing rels-
tively well which ks sim lar to owr case. While the chi-square value of our model was sgnificant,
this may often be the case with large sample sizes [60] and when data deviate from multivadate
normality [51].

We observed a substantlally low communality and Betor loading for the flst ltem; "ability to
wse the telephone’ in EFA and relatively low standandized factor losding ln CEA. Ttem one has
demonstrated a relatively Low inter-iter correlation with item 3, 4, and 5. This pattern wasoomn-
sistent acrss both sexes. Interestingly, we observed the same results for EFA with the Spanish
version [11]. A possible reason could be transition of wse of lund/ fived elephones to the mobile
devices. At present, most of the households in Sri Lanka use mobile phones. According to the
statistics of Teleco mmunications Regulatory Commision of SriLanka, 12.1 and 122 fixed
access and ce lular mobile subse Aptions per 100 inhabi tants were reported respectively in
A6 [52] Using a telephone does not anly require a reasonsble cognitive functlon. It ks also
affected by the sensory fun ctlon and fine motor skills particulady when using the mobile
phones. Therefore, the pattemsof activity Dmitations a sessdng here & slightly different to other
IADLs. However, it isstil] messuring some thing different than the other items as it re presents
the abdlity to oo municate with the outslde world, an important part of ageing well

PLDIS ONE | hiips: Fdol org 01371 Durmalpons 01 S985)  Juns 28, X018 14720

513



G PLOS | one

Cmes-cullural adapislinn and peychamatic evalusSion of Liwian IADL Scals

The Spearman’s correlation coefficlent between the scores of Barthel index and Lawton
IADL Spanish version was above (L4 and mean IADL score was significantly different by age
[LL]. In our study, value of the same cormelation was (el and the median IADL scores were
sgnificantly different by age. Known group valldity results of the Singapore stud y has also
shown significan thy different mean IADL scores across different age groupsand grad ual
decrease of the mean IADL soore values with increasing age [13]. Inline with our findings
studies conducted In Greece and Hong Kong ako supported the convergent and /or divergent
validity of the Lawton IADL scale by means of the strength of atsoc tions or known group
validity [12 14].

Strengths of the study

The maln strengths of this study were followlng a c omprehe nsbve and dgomus methodolegy,
and wslng advanced statistical technlgues to address the structure and distribution of the data.

We performed the psychometrlc evalustion with 2 large random sample of Sinhala speaking
community dwelling rural older sdults According to the recent census, #9% of Srl Lankan
older adulis lve in the community [23]. In the original validstion sudy, Lawton and Brody
(1968 had not explored the factor structure of the TADL scale [2]. Therefire, we performed
both EFA and CFA. We adhered to set of guidelines and best practicesavaillable in the litera-
ture when performdng and reporting cross cultural adaptation of instrument, relisbility testing,
EFA and CFA [24, 33, 34, 39,63, 84]

Study limitations and recommendations

We excluded 21 participants (< 2%) from the study population who reported they had never
used a telephone or were completely unaware of how to cook. We could not asess the test-
retest reliability and responsiveness of the scale due to inadequate resounces avallable. The lim-
ftation of the scale liself s absence of a rerence polnt of dme. However, no guldelines exists
a5 to the appropriste cholee of elerence polnt of time elther [5].

We used the partlcpant’s self-reported capaclty of performing each activity in our Lawton
IADL-Sinhals verslon asa measure of elf-reponted efflcacy or capacity in perirmdngactiv-
ties. Sorme people may over of underestimate their troe capacity and this may therefore mot
reflect the actual performance of these activities Altermatively a researchercan also use the
self-reported “actual performance” question stem and make notes about not applicable items
(where the participant maybe capable but does not regularly perform the activity). In our
study we used an interviewer-adminstered questionnaire with the respondent only. In future
research self reported and a key Informant reported abilitles of performing IADL tasks could
s be compared. We have also not speclfied a reference polnt of time, instead the scale agks
the general ability of performing each activity in day-to-day life.

Conclusions

The Lawton IADL scale was successfully translated and culturally adapted to Sinhala language.
The Sinhals vesion demonstrated an excellent rellabllity and constroct validity with a large

e prese ntative sarvple of Sinhala speaking community dwelling older adulis Glven good psy-
chometre propertes, 1t 1s recomme nded to mondtor the Imitations of Instrumental activities
of dally living of commun ity dwelllng ol der adultsin Sel Lanka. Lawton ITADL-Sinhala verson
can be found im 53 File,
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Supporting information

51 File. The Lawton Instrumental Activities of Daily Living (TADL) Scale.
(PDEF)

S2 File. The Lawion Instrumental Activities of Daily Living (IADL) Scale-Sinhak version.
{FDF)

51 Fig. The frequency distribution of the responses for each item of the Lawton IADL-Sin-
hala version.

(PDF)

52 Fig. The frequency distribution of the overall Lawton IADL score-Sinhalk version.
(PDF)

53 Fig. Parallel analysis results for females.
(PDIF)

54 Fig. Parallel analysis resulis for males
(PDF)

55 Fig. Confirmatory factor amalysis model with standardized factor loadings.
(PDF)

51 Table. Item wise inter-rater reliability when original responses for Lawton IADL-5in-
halaversion coded as binary.
(PDF)

52 Table. Polydhoric (two step) corrdation matrix used in EF A (entire sample).
(PDF)

53 Table. Polychoric (two step) corrdation matrix used in EF A for fernales.
{PDF)

54 Table. Polychoric (twe step) correlation matrix used in EFA for males.
{PDF)

55 Table. Results of exploratory factor analysis by sex.
(PDF)

56 Table. Results of the confirmatory factor analysis by sex.
(PDF)

57 Table. Goodress of fit indices of confirmatory factor analysis by sex.
(PDF)
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ABSTRACT

Dbjective Dur meain objsctie was io describa the
prevalance and associsted sociodemographic fachors. of
frailty and pre-fraiity in rural community-dwelling older
=dults in Kegalle district of 5 Lanka.

Design Community-tesed cross-sectional study.
Satting The study was conducted in rural aress of Kegalle
district in S Lanka.

Parficipamts A fotal of T46 commumity-dweling older
adulis aged =60 years were included in the shady.
Results The prewalence of fraity and pre-frailty m nural
Kagalla district was 15.7% (95% CI 12.3% to 18.6%)
=nd 48.5% [95% C1 43.8% fo 53.2'%), respactively. We
found 2 strong association betwesn age and both fraiy
=nd pre-frailty. There were strong associations between
lonsgesst-hald oecupation snd frailty and education level
and pre-fraifty.
Conclusions The prevalence of fraifty in this nral 5a
Lamian older population wis high compared with high-
of health and social care sarvices in S Lanka neads fo
=ddrees frailty and its consequences.

INTRODUCTION
Ageing involves physiological, psychological
and social changes that directy affect the
health and welkeing of older aduls. Frailoy
is an imporant age-related clinical syndrome
commaonly defined as a smwe of increased
vulnerability 1o external stressors as a Conse-
quence of cumulative decline in many phys-
inlogical systems during a lifeime.' * It is
widely recognised as a key issue for ageing
populatons worldwide, as it is associated with
multiple adverse outcomes including hospi-
mlisaton,  insumcnalisation/dependency
and premature mortalin:®

Asia is home for the dominant share of
the world's pupular.iun‘ and will become the
region with the largest populaton of older
adults in the coming decades. According
recent statistics, Thailand, DPR Korea and
Sri Lanka have the highest proporton of

= We condiscted the first populstion-based prevalence:
study on frailty usng 2 representative sample of
community-fweling older adults in rural areas of
Kagallie déstrict of Sri Lanka.

= 'We employed a rigorus methodology and measures:
ware taken fo ensure the validity and reliability of
data.

= We compared age-adjusted prevalance of fralty in
rural Sri Lamica with other Asian countries, and other

» Sample only comprized nwal older adults and the
mejority balonged o Sinhalese ethnicity.

» We exchuded participants who could not give in-
formed consent (2g, advanced stages of demantia)
and were temminally il. This might have underesti-
meted the true frailty prevalence.

older persons (aged =60years) among the 11
member states that belong w WHO Soud-
East Asia region® In 2012, the perceniage
of older adults aged 260 years in Sri Lanka
was 12.4%.5 One out of every four persons
iz predicied w be an older person
fillvears or above in Sri Lanka by 20417
Thus, Sri Lanka is considered as one of the
fastest growing ageing populatons in South-
East Asia *

A recent mem-analysis on prevalence of
fraily in low-income and middle-income
countries (LMICs) reported a higher prew
alence of frailty (12.3%) and prefraily
(55.3%) in middle-income  oountries
compared with high-income countries (8.2%,
43.9%)." Few studies were found from Asia in
general, particularly from WHO South-East
Asia and low-income and lower middle-in-
come countries.? The prevalence of
frailty was 19.6% (08% CI 15.4% w 24.5%),
in Latin America and the Caribbean with
a range of 7.7% w 426% in the smdies
reviewed in another systematc review and
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metz-analysis.'? As a lower middle-income counry with
per capi@ gross domestc product of US$3857 (2016),"
5ri Lanka needs w consider efficient and effective strate-
gies w @ckle the health, social and welfare ssues of older
adults. However, Sri Lanka, as with many LMICs that are
ageing, has made litle preparation w address the issues
related w increased longevity. Moreover, there is a lack of
underpinning em pirical research to inform policy-makers
on the emerging issues and the needs of the growing
older populaticn. Therefore, the main objective of this
study was 0 describe the prevalence and associated soCio-
demographic factors of frailey and pre-frailiy in commu-
nir-dwelling older adules in rural areas of Kegalle district
of Sri Lanka. We further explored how these compared
with findings from other Asian countries and with other
middle-income countries worldwide.

METHODS
Study satfing and study population
We conducted a population-based cross-sectional soudy
im mural areas of Kegalle district of 3ri Lanka. Sri Lanka
is divided intr nine provinces encompassing 25 disorices.
The Kegalle district includes 4.1% of the Sri Lankan
pl:nl:ll.ll;lLinl:u'J.E In addition vo this administrative division,
Sri Lanka has been categorised into three secuors (urban,
rural and estaie) on the basis of geographical location
and availability of infrastrucoure facilities.” OF the ol
population, 77.4%, 18.2% and 4.4% live in the rural,
urhan and estate sectors, l'EipE{l'.h'eJ}'.E In Kegalle district,
the majoricy of people live in the rural secror (91.5%) and
the rest in the urban (1.9%) and estate (6.35%) sectors.”
The ethnic disribution of the districe is B5.5% Sinha-
lese followed by Sri Lankan Moor (7.1%), Indian Tamil
(5.2%), Sri Lankan Tamil {2.1%) and other ethnicities
(01%).5

Study inclusion criteria were being an older adulc
aged =6 years permanentdy residing in the rural areas.
Oilder aduls who were unable w give informed consent
were excluded. This included people with severe dual
hearing and vision impairment, aphasia, severe siages of
dementia and those with uns@mble severe menial illness
Terminally ill older adulis were also excluded.

Sampling strategy and recruitment

The mample size was calculated wsing the standard
formula for prevalence studies.™ No published litera-
tre was found on the prevalence of frailty in Sri Lanka
We therefore used the prevalence of frailty in an Indian
study of 11.4%" w estiimate the expected prevalence of
frailty in rural Sri Lanka as 11%. The absolute precision
required on either side of the prevalence estimate was
set as 3.5% and the z statistics for the 95% level of confi-
dence was 1.%6. To account for the multistage probabilicy
smampling technique, we inflated the estimated sample
size by a design effect of 2.4," giving a minimum sample
of 737 partcipants. We used a complex sampling design:
a threestage probability sampling to recruit older aduls

representing the rural areas of the entre district (online
supplementry appendix [). The final sample required
was estimated as 750 participants.

Data collection

Data collection was conducted from 3 October w 23
December 2016. Five trained research assistanis (nursing
graduates) collected data, assisted by six feld assiszanes.
A predtested  interviewer administered questionnaire
collected dam on sociodemographic, health-related,
social activity and sodal support and lifestyle factors.
The questonnaire was available in Sinhala and Tamil
languages.

Definition and assassmant of frailty syndrome

We used the Fried phenotype to define fraily status.®
All five phenotypic components proposed in the orig-
inal smdy were rewined, with small modifications o
operationalise the shrinking and low physical activicy
components. Shrinking was defined as a body mass
index (EMI) ilE.ﬁkgfm!. Poor endurance and energy
as indicated by self-reported exhaustion was assessed
using two questions: ‘'l felt that everything [ did was
an effort” and ‘I could not get going” from the Center
for Epidemiologic Swdies—Depression Scale.' '® If the
answer was three or more days in the last week o either
of these two questions, the respondent was considered
as firail for this component. Falling in the lowest quin-
tile of grip srengih afier adjusting for sex and BMI
quartiles of the sudy populaton was considered as
indicative of weakness. Participants’ walking time in the
highest time quintile after adjusting for sex and median
standing heighit of the study population was considered
as indicative of slowness. Individuals unable w perform
the walking test were also considered as frail for this
component. Low physical activity level was measured
using the International Physical Activity Questionnaire
{IPAQ) Short Form.'" ' Participanis in the lowest quin-
tile of weekly kilocalorie expendimure adjusted for sex
were considered as frail for this component. A detailed
description of how we measured the phenotypic compao-
nents is provided in online sugplemmla.r:r appendix
1. As recommended previously,” participants were clas-
sified as frail if they had three or more frailty compo-
nents, pre-frail {1-2 components) and robus non-frail
{0 components).

Covarialos

Sociodemographic covariates of participans included
sex, age ai last birthday, ethnicity, mariial stams, living
armangements, education level (according w the Inter-
national Sandard Classification of Education™), longese
held income generation activity and subjective financial
strain,™ We used the Sri Lanka Standard Classification of
Occupation,” based on the International Sandard Clas-
sification of Occuparions 2&1&“ w classify income gener-
Ation actvites.
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Statistical analysas

Data were double entered by two independent operatons
and checked for discrepancies uwsing EpiDam software
V.3.1 and, if necessary, corrected with reference m the
original questicnnaires. All analyses were performed in
Sam V.14 accounting for the complex survey 1:IEJ'E;.|'Lﬂ
Diesign weights were computed as the inverse of the
inclusion probability of each paricpant w the sample.
Subsequently, poststratification weights were ob@ined by
adjusting the design weights to match the population age
and sex distribution of the district. Posestra@ (n=10) were
defined by Syear age categories (G0-64; G5-60; T0-T4;
T5-T0; =80 years) by sex using the informadon available
from the latest census.

We esumated the prevalence and comresponding 95%.
CI of frailty, pre-frailey and robust groups overall and by
socindemographic characteristics. The main cuwome of
interest in our study was ordinal (robust, pre-frail and
frail). We initially fied 2 multivariable ordinal logistic
regression model o estimate the asoCiaton between
sociodemographic faciors and fraily stas. However, the
proporticnal odds asumption underlying this model was
not valid for our dam, and we therefore used a mulno-
mizal logistic regression instead. Robust was chosen as the
reference category. Unadjusted, age-adjusted and sex-ad-
justed, and multivariable-adjusted relative risk ratios and
their corresponding 95%% Cls were derived. All statistical
tests were two sided with a significance level set at 0.05.

Exploratory cross-couniry comparison

The age-specific prevalence of frailty and pre-frailty in
our weighted sample was compared with the random-ef-
fects pooled prevalence of frailey and pre-frailty ob@ined
from me@ analyses of studies in upper middle-income
Asian countries (n=755%; three smdies from China and
one siudy from Malaysia), Japan—a higher income Asian
couniry (n=10912; three studies)}—and upper middle-in-
come Latin American countries (n=15773% 11 smdies
from Brazil, 3 from Colombia and 2 smdies from Mexioo).
The dam required for these mem analyses were ob@ined
from owo published papers.”™ Smdies that used the Fried
phenoype of frailty with five components where weak-
ness and slowness components were measured objectively
using grip strength and gait speed were included, as a
valid comparison with our study assessment methods. The
deails of the included sudies are presented in online

supplementary appendix [IL

Patiant and public invobrement

We did not include involvement of Sri Lankan older
aduls in the study design, as the siudy was developed
in the UK as pant of a Commonwealth Scholarship, with
limited resources. We used sandard sipdy instrumenis
and physical assessment tests, which had been developed
elsewhere, and maost of these have been cross-culrally
adaped and validated for Sri Lankan populaton. Prior m
our main study, we ob@ined feedback from 10 Sri Lankan
older adults (from a different location) on the sody

processes, including how to phirase cermin questions and
order of administering the instruments. A plain language
summary of overall smdy resuls will be produced in
English and translated into Sinhala and Tamil languages,
and we will discuss with public representtives the best
way w present and disseminate this information.

Participation was voluntary and no incentives were
provided.

This manuscript was wrniten according tw  the
STRORBE (STrengthening the Reporting of OBservatonal
studies in Epidemiology) statement. ™

RESULTS

Dt were collected from 746 out of 7580 older aduls
approached (response rate 99.5%). The age range of the
partcipants was 6 w 94 years. The median (IQR) age was
68 (64—75) years in both the weighted and unweighted
samples. In the weighted sample, 56.7% were women,
oy 4% participants belonged tw the Sinhalese ethnicicy
and 63.8% of partcipants had an education level below
upper secondary. Table 1 presents the sociodemographic
characteristics of the unweighted and weighted samples
overall and by sex.

Fried phenotypic frailty compononts
Of all paricipants in the unweighted sample, nine did
not have measurements of height and weight ( needed for
obtaining BMI} due w medical conditions {they could
not stand independently). For these participants, we also
could not use their grip strength dat as BMI is required
for calculating the grip swrength ou-offs. Overall, out
of the five phenorypic components, only unintengonal
weight loss and weakness were missing for nine partici-
panis. However, eight of them met the frailty criteria on
all three available frailty components, so they were clas-
sified as frail. The other participant was excluded from
subsequent analyses as with the partial informarion avail-
able we could not assign a fraily stas with cer@inty
For simplicity, from here onwards we will only present
the results based on the weighted sample. The most prev-
alent frailty component in the overall sample was self-re-
ported exhaustion (37.5% ) followed by weakness ( 23.6%)
{@mble 2).

Overall prevalence of frailty and pro-frailty

The prevalences of frailey, pre-fraily and robust among
rural communir-dwelling older adults in Kegalle district
in 2016 were 152% (05% CI 123% w 18.6%), 48.5%
(956% CI 43.8% w 55.2%) and 36.3% (953% CI 32.4% o
40.2%:), respeciively.

Prevalence of frailty and pre-frailty by sociedemographic
characteristics
The prevalence of frailty status by sociodemographic char-

acteristics is presented in mble 3. The prevalence of frailoy
increased steeply with advancing age. Moreover, 3.8% of
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||

Unweighted sample, N (%) Weighted sample (%)
Men ‘Women
All n=348 n=387 Men Women
Covariate n=T486 46,8 ") {53.2 %) Al {43.3 %) (B6.T%)

248 (332) 100 (287) 148 (373 357 374 343

£
§
q
E
:
§
E
3:
|
§
i
3
%
i
E
:

70-74 100 (13.4) 50 (14.3) 50126 170 172 16.8

=

=80 89 (13.3) 50 (14.3) 48(123) 108 8.7

Sinhalese 723 (96.9) 338 (96.9) 385 @7.0) 974 873

o

Marital status

J

Maried/cohabiting 45T(61.3)  304(87.4) 153[38.5) 596 887

Children/other family BAT(A27)  284(31.4) 233 (83.0) 830 824

B

S

Alone 45 (8.0) 11 [3.1) 34 (8.5) 63 28

B
§

Mo formal educationprimary 244 (28.7) 87 [24.9) 127 (32.0) 286

£

Upper secondary/post-secondary non- 270 [36.2) 133 (38.1) 137 [34.5) B2 A
tertiarptertiary

g

Mever employed/skill level 1 316 (42.3) 83 [23.8) 233 (58.7) 437 247

Skill lovel 374 137 [18.4) T8 (22 3) sO[i48) 178 293 145

Finding it difficutt/very difficult 152 (20.4) &R (19.5) B4[3) 203 188 214

Lining comfartably 188 (25.2) o0 (25.8) OB[247) 247 243 250

older aduls aged 6064 years were classified as frail while  Failty versus robust

nearty half (47.9%) of those aged Blyears or older were In the fully adjusted maodel, the relative risk of being frail
considered as frail. The prevalence of frailey by sex did  compared with being robust increased with advancing
not vary markedly, though more women than men were  age. Similarly, the relative risk of being frail compared
pre-frail. A higher prevalence of frailty was observed in - with being robust was 5.4 times higher in older aduls who
older aduls with low education, those who have had low  have never been employed or who had an cccupartion in
skilled occupatons or never had emplovment and those  the lowest skill level rather than the highest skill level.

Pre-frailty warsus robust

Sociodemographic characteristics associated with frailty and In the fully adjusted model, the relative risk of being
pre-frail compared with being robust was two-thirds lower
Tabde 4 presents the resuls from the unadjusted, age-ad-  for partcipants aged 60-64years relative w those aged
justed and sex-adjusted, and fully adjusted multinomial — 70-74vears. Comversely, older adulis in the lowest educa-
loggistic regression models. tion group compared with those in the highest education

i

-
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Table 2 Prevalence of Fried phenotype frailty components
‘and the total number of frailty components in the overall

sample and by sax

Total (%) Men (%) Women (%)

Fried's phenotype of
frailty compoment
Shrinking (low BMI) 18.2 202 16.6
Self-reporied ars 3a 41.7
‘ehaustion
Weakness (low grip 236 196 2688
strangth)
Slowness (low gait 108 187 203
Low physical activity  18.2 7.4 205
Total mo of frailty
‘components
i] 36.2 41.3 323
1 30.8 207 e
2 178 14.7 202
3 10.5 10.4 10.8
4 4.2 30 5.0
5 0.5 0.8 0.3
B, body mess Inday.

group had an approximately 2.4 tmes higher risk of
being pre-frail compared with being robust.

Supplementary exploraiory analysis: cross-country
comparison of prevalence of frailty and pre-frailty

Figure 1 compares the age-specific prevalence of frailcy
in the rural areas of Kegalle districe of Sri Lanka with the
pooled prevalence of frailty in other comparable coun-
tries with data available: upper middle-income Asian
couniries  (China and Malaysia), high-income Asian
country {Japan) and upper middle-income Latin Amer-
ican counties (Brazgl, Colombia and Mexico). Except
for the age group 6064 years, prevalence of frailty across
all the other age groups was higher in the rural areas of
Kegalle diswrict of 3 Lanka. The prevalence was higher
in the older 75-T0years and =Bvears age categories
With regard w pre-frailty, the prevalence rates were rela-
avely similar across countries (figure 2).

MSCUSSION

Summary of main findings

To our knowledge, this is the first siudy conducted in
5ri Lanka o investigate the epidemiology of frailty using
the Fried frailty phenooype.” The prevalence of frailcy
and pre-frailty among rural communiry-dwelling older
adulis aged 260 years in Kegalle districe in 2016 was esti-
mated as 15.2% (95% CI 12.3% 1w 18.6%) and 48.5%
(95% CI 43.8% w 53.2%), respectvely. Mearly half of
those aged =80 years were frail. We found no evidence

of an association between sex and being frail or pre-frail
in any regression model. In the multivariable-adjusted
meedel, increasing age and having never been employed
or having had a low-skilled occupation increased the rela-
tive risk of being frail compared with being robust. Being
in the lowest education level increased the relative risk
of being pre-frail compared with robusc. In exploratory
analyses, the prevalence of frailty appeared w be higher
in Sri Lanka across all the age categoaies except 60-64
vears when compared with the pooled prevalence of
upper middle-income Asian countries, Japan and upper
middle-income Latin American countries.

Frailty is an imponant clinical syndrome which predicts
numernus adverse health outcomes in later life; however,
there is a paucity of epidemiclogical research from Asian
countries compared with the West. The majority of Asian
studies are from high-income economies with few from
WHO South-East Asia. India was a smudy site of two mulo-
countrystudies ** and there were three small studies from
Pune, India,”” Nepal® and Nakhon Pathom, Thailand.™
The reported prevalence of fraily in these studies ranged
from 56.9% (fraily index)™ w 11.4% (Fried phenotype
with four components).'* The use of different Frailey
assessment methods and heterogeneity in the minimum
recruitment age make it difficult i compare the preva-
lence of fraily between smdies. A small communio-based
study of older adults (265 vears) in Pune, India® used
Fried phenotype, a similar assessment method to ours but
with Cardiovascular Health Smdy (CHS) cutoffs’ for grip
strength and gait speed, and found a prevalence of frailey
and pre-frailty of 26.0% and 63.6%, respectively.™ The
corresponding prevalence of frailty and pre-fraily in our
study after restricting the sample to those aged 265 vears
and afier applying the same CHS grip strength and gait
cutoffs was 34.6% (95% CI 29.3% w 40.4%) and
40.7% (05%, CI 44.6% w 54.9%). This difference may be
due to the shoner life expectancy in India®™ compared
with Sri Lanka™ and more highly educated people living
in an urbanised area in the Indian smdy. >
In our stdy, the prevalence of frailty in older aduls
aged zhSvears in Sri Lanka was 21.5% using populz-
ton-specific grip strength and gait speed cut-offs. This is
similar i a small study in Thailand {22.7%).7 but much
higher than the poded prevalence of frailty reponed in
high-income (3.2%) and upper middleincome (11.8%)
countries using the same fraily assessment method
and the same minimum recruitment age.” This finding
SUPPETS existing literature showing a strong relationship
bermeen national ecomomic indicaws and a country’s
level of frailoy and finess. >
We conducted our smdy in rural areas of Kegalle
district. However, in Sri Lankan context, rural classifi-
cation is iself problematic o some extent since semi-
urban areas where pecple have access w many faclities
and good infrastructure are also classified as rural. This
applies ty Regalle district too. Lower prevalence of frailey

Siriweerdnana DO, &t al BAL Open 20128:e02831 4. doi:10.1136/hmjopen-20 B-026314
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Prevalence [B5% CI), %
Robust

|
|

B

41.3 (36.2 to 46.6) 44.4 (39,3 to 48.5) 14.3 (10.9 to 18.3)

§
:
|1|

:

38.8 (27.6 to 51.5)

54.0 (39,6 to 62.2) 10,0 (5.6 to 17.2)

g

12.4 (£.3 to 22.9) 568 (43.0 to 637} 30,7 {19.3 to 44.8)

E
f

Mever mamied/widowed/separated/divorced 26,8 (20,6 to 34.0) 52 4 (44.4 to 601} 206 {14.8 to 28.4)

Children/other family 36.0 (32.0 to 40.3) 47 8 (42.9 to 52.6) 16.1 {12.7 to 20.1)

Alone 26 8 (14.6 to 43.8) 622 (38.1 to B1.4) 11021 to 41.3)

Mo formal education/primary 21.0 {14.0 to 30.0) 55.4 (46.8 to 63.7) 236 (16.4 to 32.6)

Upper secondary'post-secondary non-tertiany’ 48.8 (41.9 to 55.7) 422 (34.7 to 50L1) 80(5.41t014.2)

longostheidocopaon

Mever employed/skilllevel 1 29 5 (235 to 36.3) 494 (433 to 55.4) 241 {16.2 to 26.8)

Skill lavel 3/4 470 (30.2 to 56.7) 451 (35.8 to 54.6) 703310 14.1)

Finding it difficuttfvery difficult 26.7 (18.8 to 36.2) 54.0 {44.1 to B3.6) 193 {13.3 to 27.0)

Living comfortably

44.5 35.7 to 53.5)

43 5 (32.6 to 54.9) 120 {f.4 to 21.3)

was found among three studies conducted in mural areas

coffee-growing mnes of the Colombian Andes moun-
wins (12.2%),% Mexico (10.7%)* and Turkey (7.1%)%
compared with our smdy with similar frailty asessment
method. However, both the Codombian and Turkish
studies used non-probabilicy sampling technigues (volun-
ary participation and convenience sampling). Voluntary
participation might have underestimated the true preva-
lence, partcularly if people with mobility limitations were
less likely o @ke part in the study. The minimum recruit-
ment age of the panicipants of these studies were =6,

In additon w the tuwe variation of frailty prevalence
rates across different populatons, and differences in
setting (urban,/rural), these differences could also depend
on methedological issues, for example, how phemnotypic
componenis are operationalised, which curoffs are used,
inclusion and exclusion criteria used w define the soudy

-8

populatien, and the way missing dam of frailty compo-
nents are handled. In keeping with many smdies using
the Fried phenotype,™ we used BMI <18 5kg/m® to oper-
ationalise ‘shrinking’, as we did not have access o serial
weight measurements o objectvely assess weight loss. For
physical activity, we used the culturally adapted IPAC) as
suitable for a S5 Lankan population unlike the original
measure.” The instrument used could be sensitive to
cultural effects when wranslated invo different langusges
and interprecation.® Many smdies included in the Latin
American upper middle-income countries meta-analyses
rates.

Age and female sex are mwo wellknown biological
risk factors of frailg™; however, we found an age but no
sex difference in frailty or pre-fraily. A recent system-
atic review of longimudinal smdies also found both an
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Figure 1 Comparison of

age-specific prevalence of fraitty in S Lanka with the pooled prevalence estimates of upper middle-
. !

income Asian countries, Japan and upper middle-income Latin American

asnCiation and no asocdaion between sex and incident
or increased risk of fraile™ In this review, two smdies
reported female sex as a risk factor for fraily™ # while
two smdies reported no association.™ 19 A strong associ-
ation berween longest-held occupation and frailty and
education level and pre-frailiy was found in our soudy.
Aforementoned sysiematic review based on longimdinal

i
&0

58]

R

Prowva cncs of pre-frailty with 95% CIf

studies found studies reporting both positive and no asso-
ciation bemween level of educaton and frailo.™

Strengths and limitations

We conducted the first large population-based study
on fraily with a regional representative sample of rural
community-dwelling older adults in Kegalle district of Sri

1
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Figure 2 Comparison of age-specific prevalence of pre-frailty in Sn Lanka with the pooled prevalence estimates of upper
middle-income Asian countries, Japan and upper middle-income Latin American countries.
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Lanka. We fodlowed rigorous methodology and measures
were taken w improve the validit and reliabilicy of dam
The intra-rater reliabiliy of anthropometric measwre-
menis (height and weight}) and physical performance
weses (grip strength and walking time) were excellent
(intrackass correlations=0.9). The response rate was
extremely high (99.5%). Our analyses involved a cross-
country comparison of frailty across income cassification
and geographical regions. Limimtons include that the
smple only comprised rural obder adulis and the majoricy
belonged to Sinhalese ethnicity. Therefore, the resuls
are likely not generalisable o urban and estate sectors
and other ethnicities. The prevalence of frailey could be
underestimated in our study as we excluded participants
who could not give informed consent and those who
were terminally ill. However, the number of excluded
participants was very small and we were less restrictive
than other studies. Some questions, for example, physical
activity and self-reponed exhauston, could be affected by
recall bias.

With regard 1w our cross-country comparison, it should
be noted that our findings are based on a rural sample,
and while the population of 5ri Lanka is predominantdy
mural, this may not reflect the prevalence of frailoy in
urban and estate sectors in 5ri Lanka. Furthermore, in
the comparator counury samples, it would be ideal if we
had representative country-level dam on the prevalence
of frailey for this analysis. However, with the exception
China, we were unable to find any natonally represen-
aave samples, and we therefore calculated pooled esti-
mates of fraily and pre-frailty from studies conducted
with regional samples. Moreover, studies included in this
compariscn have used both urban and rural samples. We
have indicated the exact siudy setting and whether the
sample is urban,/rural /both/uncertain in online supple-
mentary appendix Il We performed this analysis for
exploratory purposes only and hence needs o be inter-
prewed cawtiously.

Implications for public health

The Sri Lankan health system 5 a well-known example
of the provision of good healthcare at low cost™ Around
T0% of the disease burden in the county is due
non-communicable  diseases  (NCDs)." The rapidly
ageing population is contributing o increases in the prev-
alence of NCDs which is a huge challenge w the country’s
health system. Frailty and multmorbidity (mulaple coex-
isting NCIDs) are closely linked. Recenidly, guidelines have
been introduced for the management of frailty in Asia-Pa-
cific. ™ Therefore, findings of this study are imporant o
healthcare planners w quantfy the extent of frailty and
be prepared for establishing appropriate health and social
services for older adules with frailty and muldple NCDs
The existing profile of health and social care services in
5ri Lanka needs adjustments o meet the needs of age-re-
lated illness and care. Further improvemenis in geriatrics
and gerontology disciplines are an urgent need. Investng

in elderly health & imporzne w mitigate the medical and
social implications of ageing.

CONCLUSION

The prevalence of frailty in this rural Sri Lankan older
populatien was high in comparison with both higher-in-
comie and upper middle-income countries. There has
been litde research conducted on frailty in low-income
and lower middle-income countries. Identifying the scale
of the problem will help these growing economies to
prepare and respond o the challenges associated with
increasing longevicy.
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