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To the editor:

Frailty is a state characterized by decreased reserve across multiple physiological systems due
to aged-related cumulative deficits.! Once frailty has developed, it often leads to a downward
spiral in overall health.! However frailty is not necessarily an irreversible process but a
dynamic continuum state that can both worsen and improve over time.? Although numerous
previous studies have examined various factors associated with increased frailty risks,’ little
is known regarding frailty status improvement and related factors and, there is no systematic
review and meta-analysis found in the literature. We therefore performed a systematic review
of the literature for currently available evidence on factors associated with improvement in
frailty status defined using the frailty phenotype and conducted a meta-analysis to pool the
results.

Methods

A systematic review of the literature was conducted in October 2018 based on a protocol
developed a priori in accordance with the PRISMA statements.* The protocol was registered
at PROSPERO (CRD42018109305). Briefly, any prospective cohort studies examining
factors associated with improvement of frailty status based on three categories defined by
Fried frailty phenotype criteria (robust, prefrailty and frailty) among community-dwelling
older people with a mean age of 60 or more. Please see Appendix 1 for detail.

Results

Among 11,600 studies identified by the systematic literature search and 5 studies found from
other sources, 13 studies with a cumulative total of 53,679 participants to be included in this
review and are summarized in Appendix 2. All the included studies were considered to have
adequate methodological quality based on the Newcastle-Ottawa scale.
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Among 6 studies with 28,608 participants, age,> ® gender,> " smoking status,> % 1

diabetes,> '° stroke,> '° chronic obstructive pulmonary disease (COPD)* '° and cancer™ !
were examined as a predictor of frailty status improvement in three or more cohorts and were
used for a meta-analysis. Fixed-effects meta-analyses were conducted as no significant
heterogeneity was observed for these factors (p>0.08, 1>=0-60%), except for male gender
(p<0.01, >’=90%), where a random-effect meta-analysis was used. Younger age, never
smoking, no history of diabetes, stroke, and COPD, respectively, predicted significantly
higher chances of improving frailty status, while there were no significant associations of
gender and history of cancer with frailty improvement (Figure 1). Although there were
various other factors examined within studies, a meta-analysis was not possible due to
different methodologies or the range of factors were used in one or two cohorts. (Appendix
2)

Discussion

Among the factors used in the meta-analyses, younger age, never smoking, no history of
diabetes, stroke and COPD, respectively, predicted significantly higher chances of improving
frailty status. Such findings are expected given that these factors are counterparts of risk
factors of incident frailty. However, some factors known to be associated with frailty risk,
such as female gender or cancer, did not have significant effects on frailty improvement.

Better characterization of factors associated with frailty improvement would further enhance
our understanding of frailty transition mechanisms and provide useful information for risk
stratification of older people.

Clinical implications:

Attention to factors that increase risk of co-morbidities (including smoking cessation) may be
a way to improve frailty status and can be considered as a part of frailty interventions. Frailty
is a dynamic state and can improve: a better understanding of those who are more likely to
improve is beneficial in informing prognosis and advanced care planning decisions.

Limitations

Due to different methodologies and statistical approaches and the limited number of the
studies, a meta-analysis was not possible for all factors. Among the studies included in the
meta-analyses, not all studies adjusted for important confounders of frailty, such as age,
gender, smoking, alcohol, wealth and education. Lastly, because the current review included
only studies using Fried frailty phenotype criteria our findings may not be applicable to that
based on other frailty tools.

Conclusions and Implications

The current systematic review and meta-analysis demonstrates pooled evidence that younger
age, never smoking, no history of diabetes, stroke or COPD, respectively, are significantly
associated with higher chances of improvement in frailty among community-dwelling older
people. The number of studies examining frailty improvement is much fewer than that of
studies examining frailty risk or incidence. More studies are needed on factors associated
with frailty improvement, especially modifiable ones so that tailored interventions can be
targeted in order to potentially improve frailty status.
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Figure 1. Forest plots of pooled odds ratios of improvement in frailty status using a fixed-
effects meta-analysis. (A mixed-effects model was used for male gender.)

0Odds Ratio Odds Ratio
Study or Subgroup _ log[Odds Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Age (per 1 year increase)
Trevisan 2017 -0.127833 0.002883 96.5% 0.88[0.88, 0.88] .
Lee 2014 (F) -0.094311 0.016826 2.8% 0.91[0.88, 0.94] i
Lee 2014 (M) -0.150823 0.034841  0.7%  0.86 [0.80, 0.92] =
Subtotal (95% CI) 100.0% 0.88 [0.88, 0.89] )
Heterogeneity: Chiz = 4.33, df = 2 (P = 0.12); 1> = 54%
Test for overall effect: Z = 44.85 (P < 0.00001)
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Test for overall effect: Z = 2.88 (P = 0.004)
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Test for overall effect: Z = 3.47 (P = 0.0005)
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Heterogeneity: Chi? = 1.98, df = 2 (P = 0.37); 2= 0%

Test for overall effect: Z = 4.23 (P < 0.0001)

1.1.10 Stroke
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Lee 2014 (M) -1.108663 0.372836 22.4% 0.33[0.16,069) =
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Appendix 1. Methods

METHODS

Search strategy and study selection

Five electronic databases: Embase, MEDLINE, CINAHL Plus, PsycINFO and AMED, were
searched with an explosion function when available and without language restriction. Any
prospective cohort studies that examined factors associated with improvement of frailty status
based on three categories defined by CHS criteria, i.e. robust, prefrailty and frailty, were
eligible.? In this review only studies using CHS criteria were considered in order to collect
consistent evidence based on the same frailty definition. The search period was between 2000
and 2018 as CHS criteria was published in 2001.2 A combination of Medical Subject Heading
(MeSH) and free text terms was used as follows: “transition*”” OR “improv*” OR “course”
OR “progression*” AND Frailty (MeSH) OR “frailty” OR Frail Elderly (MeSH) OR “Frailty
Syndrome (MeSH)”. The reference lists of the relevant articles and the included articles were
reviewed for additional studies. The forward citation tracking of the included studies was also
conducted using Google scholar (https://scholar.google.com).

Studies were considered potentially eligible if they prospectively examined associations
between factors at baseline or during the follow-up and subsequent improvement in frailty
status among community-dwelling older people with a mean age of 60 and older. An
improvement in frailty status was defined as a change from one of three frailty phenotype
type criteria (robust, prefrail and frail) to another one that is less frail, specifically either from
frail to prefrail, frail to robust or prefrail to robust. Randomised controlled trials, editorials,
reviews or conference abstracts were not considered. Studies were excluded if they used
selected cohorts with specific diseases or conditions, such as patients with cancers or
hospitalised patients.

Titles, abstracts and full-texts of the studies identified through the systematic review were
independently screened and evaluated for eligibility by two researchers (GK and YT). Any
disagreement was solved by discussion.

Data Extraction

Data extracted from each eligible study included first author, cohort name if any, publication
year, location, sample size, proportion of female participants, mean age, age range, follow-up
period and findings including factors of interest and covariates used for adjustment.

Methodological Quality Assessment

Each of studies that were considered as eligible was examined for methodological quality
using the Newcastle-Ottawa scale for cohort studies, which consists of 9 items covering three
domains (selection, comparability and outcome). For this review, one of the criteria for
outcome, ‘Demonstration that outcome of interest was not present at start of study’ was not
applicable as the outcome of interest was improvement of frailty status. Therefore, the
remainder of 8 items were used and a study that met four items or more was considered to
have adequate methodological quality. The studies were not excluded based on the scores.

Statistical Analysis

When three or more studies examined the same variable as a predictor of subsequent
improvement in frailty status and provided the effect measures, such as odds ratio (OR) or
hazard ratio (HR), the results were pooled by a meta-analysis with the inverse variance
method. Heterogeneity across the studies was examined using chi-square test and its degree
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was quantified using I° statistic. If a significant heterogeneity was detected, a random-effects
meta-analysis was performed, and if not, a fixed-effects meta-analysis was chosen. When
unadjusted and adjusted effect measures were presented, the most adjusted ones were chosen.
When a study provided results based on male and female cohorts, each cohort was included
in the meta-analysis separately. Some studies calculated effect measures based on baseline
frailty status, these effect measures were first combined using a fixed-effects meta-analysis,
and were entered into the main meta-analysis. If only either one effect measure among the
prefrail at baseline or the frail at baseline was shown, the available one was included in the
meta-analysis. Publication bias was visually examined a funnel plot. If significant
heterogeneity was identified, subgroup and sensitivity meta-analyses were used to explore
potential causes. All analyses were conducted using Review Manager 5 (Version 5.2, The
Cochrane Collaboration, Copenhagen, Denmark), and two-sided p value of less than 0.05 was
considered as statistically significant.
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Appendix 2. Summary of the studies examining improvement in frailty status among

community-dwelling older people.

First author/Year Location Sample | Female Age Follow-up Factors
Study size (%) (range) period
Ahmad 2018 Malaysia | 2,324 | 62.1% | ,__ Lyear | AA0¢ gender, cognition, physical activity
(>60) level
Dihydrotestosterone, estradiol, follicle-
Swiecicka 20182 8 European 0 - stimulating hormone, free testosterone
EMAS countries* 3,369 0% (40-79) 4.3 years -luteinizing hormone, sex hormone-
binding globulin, total testosterone
Thompson 20183 73.4 Age, gender, smoking, alcohol, SES,
North West Adelaide Australia 696 53.1% (>65) 4.5 years | education, obesity, polypharmacy,
Health Study = multimorbidity, living alone
Wei 2018* . 0 65.3 Nutritional status
SLAS-2 Singapore 1,162 63.6% (>55) 5 years
Yu 2018° : 0 72.2 Neighborhood green space
Mr. and Ms. OS China 3,240 49.2% (>65) 2 years
SES, education, smoking, alcohol,
ethnicity, marital status, IADL, self-
reported health, leg power, able to
Pollack 2017° 0 73.4 complete chair stand, number of
MrQS study US 5,086 0% (>65) 4.6 years comorbidities, cognition, cancer, COPD,
CHF, DM, HTN, osteoporosis, stroke,
albumin, creatinine, CRP, glucose, IL-6,
TNF-a
Age, gender, income, education,
smoking, alcohol, marital status, living
alone, ADL disability, IADL disability,
Trevisan 20177 0 74.4 weight, physical function, number of
Pro. V.A. Italy 2,925 63.3% (>65) 4.4 years medications, cognition, vision loss,
anemia, cancer, cardiovascular disease,
DM, hyperuricemia, osteoarthritis,
vitamin D level
Jamsen 20168 . 0 76.0 Number of medications, the Drug
CHAMP Australia 1,705 0% (>70) 2 years Burden Index
Alencar 2015° . 0 78.4 Cancer, Urinary incontinence, Advanced
FIBRA Brazil 2001 76.8% | g5y Lyear | ApL disability
Etman 2015% 11 European 0 - Education
SHARE countries** 14,082 54.3% (>55) 2 years
Age, SES, smoking, BMI, cognition,
. 73.6 hospitalisation, cancer, COPD, DM
o l L 1 L
Lee 2014 China 3018 | 49.7% (>65) 2 years heart disease, hip fracture, osteoarthritis,
stroke
Borrat-Besson 2013%2 | 12 European 0 63.9 Gender, living alone, regular physical
SHARE countries*** 15,127 1 54.1% (>50) 4 years exercise, country
Gill 2011% 78.4 Hospitalisation
Precipitating Events us 738 64.5% (>7'0) 9 years

Project

* Belgium, Estonia, Hungary, Italy, Poland, Spain, Sweden, the UK.
Spain, Sweden, Switzerland
** Austria, Belgium, Denmark, France, Germany, Greece, Italy, the Netherlands, Spain,
Sweden, Switzerland.
*** Austria, Belgium, Czechia, Denmark, France, Germany, the Netherlands, Italy, Poland,
ADL.: Activities of daily living

CHAMP: Concord Health and Ageing in Men Project

CHF: Congestive heart failure
COPD: Chronic obstructive pulmonary disease
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CRP: C-reactive protein

DM: Diabetes mellitus

EMAS: European Male Ageing Study

FIBRA: Rede de Estudos da Fragilidade de lIdosos Brasileiros
HTN: Hypertension

IADL: Instrumental activities of daily living
IL-6: Interleukin-6

MCS: Mental component score

PCS: Physical component score

Pro. V.A.: Progetto Veneto Anziani study

SES: Socioeconomic status

SLAS-2: Singapore Longitudinal Ageing Study 2
TNF-a: Tumour necrosis factor-a
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