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Abstract

Purpose of the Study: Few studies have recommended the essential domains of healthy aging and their relevant measure-
ment to assess healthy aging comprehensively. This review is to fill the gap, by conducting a literature review of domains
and measures of healthy aging in epidemiological studies.

Design and Methods: A literature search was conducted up to March 31, 2017, supplemented by a search of references in
all relevant articles in English. We made a final selection of 50 studies across 23 countries or regions.

Results: Nineteen studies applied Rowe and Kahn’s three standards to assess healthy aging. Thirty-seven studies measured
physical capabilities mainly by (instrumental) activities of daily living. Cognitive functions were included in 33 studies.
Nineteen of them applied Mini-Mental State Examination (MMSE). Twenty-six studies considered metabolic and physi-
ological health, but they mainly asked the self-reported absence of diseases. Twenty-four studies assessed psychological
well-being by employing diverse scales. Questions about participation in social activities were mainly asked to measure
social well-being in 22 studies. Sixteen studies considered individuals’ general health status, which was mainly measured by
self-rated health. Security questions were asked in five studies. Health behaviors were taken into account by three studies.
Fifteen studies either applied SF-12/36 or developed health indices to assess healthy aging.

Implications: This review summarizes detailed scales or methods that have been used to assess healthy aging in previous
epidemiological studies. It also discusses and recommends the essential domains of healthy aging, and the relevant instru-
ments for further epidemiological research to use in the assessment of healthy aging.
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In 44 BCE, the Roman philosopher Cicero praised healthy
aging in his essay “On Old Age”. He said that old age “is
respectable as long as it asserts itself, maintains it rights,
is subservient to no one”, indicating that old age is not a
phase of decline and loss, but an opportunity for positive
changes in later life (Cicero, 44BC/1951, p.140). In the past
decades, healthy aging has become a popular topic in many
countries. It refers to the process of optimizing opportu-
nities for health, participation, and security, to enhance

quality of life as people age (World Health Organization,
2002). “Healthy ageing” is often used interchangeably
with terms such as “active”, “successful”, or “productive
ageing”. We prefer the term “healthy ageing”, because the
World Health Organization (WHO) defines “health” as
including not only physical and mental health, but also
social well-being (World Health Organization, 2006).

In 1987, Rowe and Kahn defined “successful ageing” on
the basis of a psychosocial model. They were responding

© The Author(s) 2018. Published by Oxford University Press on behalf of The Gerontological Society of America 1
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Downl oaded from https://academ c. oup. cont geront ol ogi st/ advance-articl e-abstract/doi/10. 1093/ geront/gny029/ 4980413
by University College London Library user

on 03 May 20

18


mailto:wentian.lu.14@ucl.ac.uk?subject=

The Gerontologist, 2018, Vol. 00, No. 00

to the fact that, at that time, many gerontologists only
emphasized the role of chronological age in determining
individuals’ health, concentrating on average age-related
losses across different age groups, and neglecting the sub-
stantial heterogeneity of individuals’ health conditions
within each age group (Rowe & Kahn, 1987). This het-
erogeneity is determined by both intrinsic and extrinsic
factors of aging. Intrinsic factors are physiological factors
such as carbohydrate metabolism, bone density or cogni-
tive function; extrinsic factors are psychosocial factors such
as autonomy, control or social support. Rowe and Kahn
distinguish between “usual” and “successful” aging. Usual
aging is age-intrinsic, nonpathological but high-risk, and
focuses on physiological functions and the normal decline
of functioning with increasing age. Successful aging is low-
risk but high-functioning and implies that extrinsic as well
as intrinsic factors play important roles in maintaining
individuals’ health within each age group; that is, aging
characteristics are age-related rather than age-dependent
(Rowe & Kahn, 1987). In 1997, Rowe and Kahn defined
successful aging according to three standards: “low prob-
ability of disease and disease-related disability and related
risk factors”; “high cognitive and physical functional
capacity”; and “active engagement with life” (Rowe &
Kahn, 1997, p.433). In 2015, Rowe and Kahn suggested
adding societal-level principles to evaluate successful aging:
more opportunities for employment, voluntary work and
social activities, which create new rules and responsibili-
ties for the older adults; trust in older people, because they
have accrued knowledge and have a heightened capacity
for problem-solving; and investment in training and educa-
tion for the older adults, rather than their exclusion due to
their chronological age (Rowe & Kahn, 2015).

Baltes and Baltes proposed the “selective optimisation
with compensation (SOC)” theory of successful aging in
1990. Due to aging loss, individuals may experience restric-
tions in various functional capabilities, such as in cognitive,
emotional, or physical domains. “Selection” can be treated
as an adaptive procedure. Individuals may prioritize capa-
bilities in other, new, or transformed domains, and set new
life goals, due to environmental demands and their own
motivations, skills, and natural capacities. “Optimisation”
reflects individuals’ behaviors. People will take advan-
tage of their remaining functions and maximize their
chosen life courses, both qualitatively and quantitatively.
“Compensation” can be mental and/or technological.
When individuals are dealing with situations or goals with
insufficient internal capabilities, they can take advantage
of external compensatory strategies to cope with internal
incapacities, for example, using a hearing aid for hearing
loss (Baltes & Baltes, 1990).

In 2014, Kuh and colleagues defined healthy biologi-
cal aging according three principles: “survival to old age”;
“delay in the onset of chronic diseases and disabilities”;
and “optimal functioning for the maximal time period”
(Kuh, Richards, Cooper, Hardy, & Ben-Shlomo, 2014, p.7).

They also suggested that continued social participation,
such as through voluntary or paid work, physical activities,
or keeping in touch with friends or relatives, is important
for the older adults to have an active and meaningful later
life, because the social environment that we inhabit across
our lives determines the aging process (Kuh et al., 2014).

WHO in 2002 defined active aging as “the process of
optimising opportunities for health, participation and
security in order to enhance the quality of life as people
age” (World Health Organization, 2002, p.12). This def-
inition highlighted the importance of the social environ-
ment for the achievement of active aging. In 20135, the
WHO used the term “healthy ageing” and defined it as
“the process of developing and maintaining the functional
ability that enables well-being in older age” (World Health
Organization, 2015b). Here, four elements of healthy
aging were discussed: functional abilities (health-related
attributes that allow people to do what they have reason
to value); intrinsic capacities (all the physical and mental
capabilities that an individual can draw on); environments
(all the factors in the extrinsic world that form the context
of a person’s life); and well-being (happiness, security, and
fulfilment) (World Health Organization, 2015b). Our fixed
personal characteristics (e.g., gender or ethnicity), social
norms (e.g., occupation, education, wealth, or social secur-
ity), and other factors (e.g., smoking, drinking, deprivation,
or air pollution) across our life span can affect later health
characteristics such as physiological risk factors, diseases,
injuries, and broader geriatric syndromes. The cumulative
effects of these health characteristics determine one’s intrin-
sic capacity. Intrinsic capacity and its interaction with the
environment determine the functional ability of an individ-
ual, and consequently governs the attainment of well-being
(World Health Organization, 2015b).

The theory of healthy biological aging and Rowe and
Kahn’s theory provide clear standards for researchers to
measure healthy aging, whereas Baltes and Baltes’s theory
and the WHO concepts tend to introduce disciplines that
should be followed when setting public health strategies to
achieve healthy aging in different cultural settings. At pre-
sent, a consensus definition of healthy aging has not been
reached.

WHO proposed a public health framework for healthy
aging across the life course, which involved developing
strategies for health services, long-term care, and envi-
ronments (World Health Organization, 2015b). But, this
report also suggested that before shaping policies, a quan-
titative assessment of healthy aging to help identify older
people’s health and needs are essential (World Health
Organization, 2015b). Previous studies have explored the
extent of healthy aging based on theories mentioned previ-
ously. Previous reviews of healthy aging have summarized
different definitions of healthy aging (Bowling & Dieppe,
2005; Cosco, Prina, Perales, Stephan, & Brayne, 2014).
One of them listed the specific methods that had been used
to measure successful aging, but it mainly discussed the
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variability in the prevalence of successful agers and the het-
erogeneity in the sampling and measurements of successful
aging (Depp & Jeste, 2006). To our knowledge, no research
has followed the WHO recommendation of identifying
the essential domains of healthy aging, and made sugges-
tions as to the choice of methods or scales to measure each
domain. However, grounded in theories of healthy aging, it
is important to fill the gap, since choosing quality measures
and a reasonable range of indicators of healthy aging, will
help monitor trends in healthy life expectancy and support
a country’s aspirations to achieve universal health coverage
(World Health Organization, 2015a).

Methods

Search Strategy

We searched the PubMed database up to March 31, 2017.
All peer-reviewed articles published worldwide before that
date in English were eligible for inclusion. The keywords
were “healthy ageing”, “measurement”, and several related
terms: “successful ageing”, “productive ageing”, “active
ageing”, “ageing phenotype”, “assessment”, “evaluation”,
and “definition”. These phrases were used with both “age-
ing” and “aging” spelling conventions. Equations were
linked with both “or” and “and”.

Inclusion and Exclusion Criteria

The articles were epidemiological studies. The main out-
come or exposure was healthy, successful, positive, or
active aging. Theoretical definitions provided in the absence
of detailed measurements of healthy aging were excluded.
Studies in genotyping, clinical animal trials and cell tests,
and studies that measured healthy aging by using a single
subjective question (e.g., “how do you view healthy age-
ing?”), were excluded.

A standardized protocol was employed to evaluate the
quality of each study (Boyle, 1998). Four questions were
asked of each article: Does the study design yield a repre-
sentative sample of the defined target population? Were the
measures of healthy aging reliable and valid? Were features
of sampling design accounted for in the analysis? Did they
report results with confidence intervals?

The detailed screening process is presented in Figure 1.

Defined Domains of Healthy Aging

Lara and colleagues developed five fundamental domains
of a healthy aging phenotype in lifestyle-based intervention
studies (Lara et al., 2013): physiological and metabolic
health; physical capability; cognitive function; social well-
being; and psychological well-being. Our review applied
these five domains. However, components of healthy aging
are complicated due to the various definitions of healthy
aging. A few studies in our review also included other
components to assess healthy aging. Therefore, we created

3
Number of potentially revelant articles - il
identified with search strategy (PubMed Title and abstract screening excluded
searching, before 31 March 2017*): N=771| |{N=706):
1. Main outcomelexposure were not
healthy, successful, positive or active
> ageing;
2. Studies in genotyping, clinical animal
r trails and cell tests.
Article screened: N=65
Main text screening excluded (N=6):

1. In the absence of detailed

nts of healthy ageing;

2. Studies that measured healthy ageing
r by using a single subjective question.

\J

Articles screened: N=59

Articles reporting multiple models of
healthy ageing

(from same study population) collapsed
1 for review: N=9

Articles considered for final review: N=50
(51 models of healthy ageing were
included)

Figure 1. Screening process for studies’ inclusion. *Searching Syntax:
((healthy ageing[Title/Abstract]) OR (successful ageing[Title/Abstract])
OR (active ageingl[Title/Abstract]) OR (productive ageing[Title/
Abstract])) AND ((measurement[Title/Abstract]) OR (assessment[Title/
Abstract]) OR (evaluation[Title/Abstract]) OR (definition[Title/
Abstract])) AND (“2017/03/31”[CDAT]: “3000”[CDATI]); ((healthy
aging|[Title/Abstract]) OR (successful aging[Title/Abstract]) OR (active
aging[Title/Abstract]) OR (productive aging[Title/Abstract])) AND
((measurement[Title/Abstract]) OR (assessment[Title/Abstract])
OR (evaluation[Title/Abstract]) OR (definition[Title/Abstract])) AND
(“2017/03/31"[CDAT]: “3000”[CDAT]I; ((aging phenotype[Title/Abstract])
OR (ageing phenotypelTitle/Abstract])) AND (“2017/03/31”[CDAT];
“3000"[CDATI; ((healthy aging phenotype[Title/Abstract]) OR (healthy
ageing phenotypel[Title/Abstract]))  AND (“2017/03/31"[CDATI:
“3000”[CDAT].

additional domains such as general health status (e.g., mor-
tality or self-rated health), security (e.g., income or envir-
onmental safety), and health behaviors (e.g., smoking or
drinking), to categorize them. The social environment is a
societal-level component that has been highlighted by a few
researchers. However, no studies in our review measured
it quantitatively. Our review therefore mainly focused on
discussions of components of healthy aging at the individ-
ual level.

Results

Fifty articles were selected for analysis. The review covered
23 countries or regions. Most articles mentioned the vari-
ability of definitions of healthy aging, but only some of
them explicitly clarified the definitions they were using to
measure healthy aging. Nineteen studies applied Rowe and
Kahn’s three standards (Table 1). Two studies employed
the WHO?’s active aging model (Table 1). Kuh’s theory of
healthy biological aging was used in one study (Table 1).
The measurements of healthy aging in each study were
multidimensional. Instead of measuring separate domains,
several studies used the Short Form Survey 12/36-Item
(SF-12/36) or developed health indices to measure healthy
aging comprehensively. Table 1 lists the different domains
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Table 1. Domains of Healthy Aging in Each Article

Countries Studies N Phy: Cog.® Met.* Psy® Soc.® Gen.* Sec.® Hea® Oth.?
United States Women’s Health Initiative (Woods et al., 71,039 v v v v v
2012)
Health and Retirement Study® 9,236 v v v v v
(McLaughlin, Connell, Heeringa, Li, &
Roberts, 2010)
Health and Retirement Study® 9,068 v v v
(McLaughlin, Jette, & Connell, 2012)
Health and Retirement Study® (Mejia, 17,230 v v v v
Ryan, Gonzalez, & Smith, 2017)
Nun Study (Tyas, Snowdon, Desrosiers, 636 v v
Riley, & Markesbery, 2007)
ORAN]J BOWL Panel (Pruchno, Wilson- 5,688 v v
Genderson, Rose, & Cartwright, 2010)
Successful AGing Evaluation Study (Jeste 1,006 v v v v v
etal., 2013)
- (Kozar-Westman, Troutman-Jordan, & 200 v v
Nies, 2013)
The Georgia Centenarian Study® (Baek, 306 v v v v
Martin, Siegler, Davey, & Poon, 2016)
Framingham Offspring Study (McCabe 1,348 v v
etal.,2016)
Mainland Shanghai Successful Ageing Project (C. Li 14,000 v v v
China et al., 2006)
Chinese Longitudinal Healthy Longevity 11,095 v v v v
Survey (Gu, Feng, et al., 2016)
2013 Survey on Life and Opinions of Older 1,962 v v
Adults in Shanghai® (Gu, Brown, & Qiu,
2016)
The China Health and Retirement 5,667 v v v v
Longitudinal Study® (Liu et al., 2017)
Hong Kong, The Hong Kong Centenarian Study® 120 v v v v v v
China (Cheung & Lau, 2016)
Taiwan - (C.L Liet al., 2014) 903 v
United Whitehall 1T Study (Akbaraly et al., 2013) 3,044 v v v v
Kingdom British Longitudinal Survey of Ageing®* 999 v v v v
(Bowling & Iliffe, 2006)
Cambridge City over-75 Cohort Study 2,610 v v v v
(Cosco, Stephan, Muniz, & Brayne, 2016)
The West of Scotland Twenty-07 Study® 1,733 v v v
(Whitley, Benzeval, & Popham, 2016)
English Longitudinal Study of Ageing (Felix 1,906 v
Caballero et al., 2017)
Canada International Mobility in Ageing Study®¢ 799 v v v v
(Belanger, Ahmed, Filiatrault, Yu, & v v v v v v
Zunzunegui, 2015)
Canadian Community Health Survey: 8,154 v v v v
Healthy Ageing® (Meng & D’Arcy, 2014)
Manitoba Follow-up Study (Tate, Swift, & 2,043 v
Bayomi, 2013)
-b (Wada, Mortenson, & Hurd Clarke, 320 v

2016)
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Table 1. Continued
Countries Studies N Phy: Cog.® Met.* Psy® Soc.® Gen. Sec.® Hea® Oth.?
Mexico Health, Wellbeing, and Ageing Study® 3,116 v v v v v
(Arias-Merino, Mendoza-Ruvalcaba, Arias-
Merino, Cueva-Contreras, & Vazquez
Arias, 2012)
Coyoacan Cohort® (Garcia-Lara, 935 v v v v
Navarrete-Reyes, Medina-Mendez, Aguilar-
Navarro, & Avila-Funes, 2017)
Singapore Singapore Longitudinal Ageing Study 1,281 v v v v v
Cohort (Ng, Broekman, Niti, Gwee, &
Kua, 2009)
- (Feng & Straughan, 2016) 1,540 v
Portugal Portuguese Project on Active Ageing® (Paul, 1,322 v v v v v v
Ribeiro, & Teixeira, 2012)
Oporto Centenarian Study & Beira Interior 80 v v v v v
Centenarian Study (Araujo et al., 2016)
Brazil GENESIS Project (de Moraes & de 400 v
Azevedo e Souza, 2005)
Ageing, Gender, and Quality of Life Study 335 v v v v v
(Campos, Ferreira, Vargas, & Goncalves,
2016)
France SUpplémentation en Vitamines et Minéraux 3,005 v
AntioXydants Study (Germain et al., 2013)
SUpplémentation en Vitamines et Minéraux 2,329 v v v
AntioXydants Study® (Assmann et al.,
2016)
Australia Melbourne Collaborative Cohort Study® 5512 v v v v
(Hodge, English, Giles, & Flicker, 2013b)
The Blue Mountains Eye Study® (Gopinath, 3,654 v v v
Flood, Kifley, Louie, & Mitchell, 2016)
Netherlands The Longitudinal Ageing Study 3,107 v v v v v
Amsterdam® (Kok, Aartsen, Deeg, &
Huisman, 2015)
Rotterdam Study (Jaspers et al., 2017) 3,527 v v v v
Cross-countries EU COURAGE Project (Finland, Poland 7,987 v v v v v v
and Spain) (Perales et al., 2014)
Survey of Health, Ageing and Retirement in 11,048 v v
Europe (Netherlands, Germany, Italy, Spain,
Poland and Hungary) (Sowa, Tobiasz-
Adamczyk, Topor-Madry, Poscia, & la
Milia, 2016)
Mediterranean ~ The Mediterranean Islands Study 2,663 v v v v v
islands (Tyrovolas et al., 2014)
Spain Octabaix Project (Formiga et al., 2012) 328 v v
Norway Nord-Trendelag Health Study (Bosnes 5773 v v v v
etal.,2017)
Germany - (Wahl et al., 2013) 450 v v v v v v
Italy Italian Multi-centric Studies on 602 v v v
Centenarians® (Motta, Bennati, Ferlito,
Malaguarnera, & Motta, 2005)
Thailand - (Manasatchakun et al., 2016) 453 v
South Korea - (Byun & Jung, 2016) 262 v
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Table 1. Continued

Countries Studies N Phy: Cog.® Met.* Psy® Soc.® Gen.* Sec.® Hea® Oth.?
Japan Aichi Gerontological Evaluation Study 22,829 v v

(Hirai, Kondo, & Kawachi, 2012)
Nigeria The Biafran War Generation (Chukwuoriji, v

Nwoke, & Ebere, 2017)

aPhy. = physical capabilities; Cog. = cognitive function; Met. = metabolic and physiological health; Psy. = psychological well-being; Soc. = social well-being;

Gen. = general health status; Sec. = security; Hea. = health behaviors; Oth. = others: Short Form Survey or health indices. *Articles applied Rowe and Kahn’s three

standards. “This article compared two models of healthy aging: WHO and psychological models. ‘Articles applied WHO?’s active aging model. “Article applied

Kuh’s theory of healthy biological aging.

of healthy aging measured in each article. Figure 2 sum-
marizes the number of papers measuring each domain in
our review.

Physical Capabilities

Thirty-seven studies measured physical capabilities.
Twenty-seven of them used the basic activities of daily liv-
ing (ADLs) and/or instrumental activities of daily living
(IADLs). Objective measures were also applied in several
articles, including grip strength ([non-] dominant hand
arm(s) [kg]), walking speed (timing an eight-foot or six-
meter walking course), balance tests (side-by-side stand-
ing, semitandem, and full-tandem standing), chair rise
tests (standing up from a chair without using arms on time
or in seconds), and other functional limitations such as
mobility (walking one or several blocks, climbing one or
several steps), large muscle (stooping, kneeling, stooping
or squatting, and pulling or pushing big objects), or fine
motor skills (picking up items between thumb and finger).
Two studies measured the frequency of physical activity.
One of them employed the WHO Global Physical Activity
Questionnaire (Perales et al., 2014). Two studies consid-
ered disability. Perales and colleagues applied the WHO
Disability Assessment Schedule version II (WHO-DAS II;
Perales et al., 2014), and Whitley and colleagues used the
Office of Population Censuses and Surveys Disability Scales
(OPCS; Whitley et al., 2016).

Cognitive Functions

Cognitive functions were included in 33 studies. Nineteen
of them used the Mini-Mental State Examination (MMSE).
Other scales were also employed, including the Alice Heim 4
Test of General Intelligence, the Wechsler Adult Intelligence
Scale-Revised, the Montreal Cognitive Assessment Scale
(MoCA), the (Modified) Telephone Interview for Cognitive
Status, the Subjective Cognitive Failures Questionnaire,
the Canadian Community Health Survey-Healthy Ageing
Cognition Module, and the Japanese cognitive impairment
standards. Rather than choosing established scales, several
studies used separate tests to assess cognitive functions, includ-
ing processing speed (counting backward), short-term mem-
ory (immediate or delayed word recall), working memory

Health indices I Y
Short Form Survey I
Health behaviours N 3
Security I 5
General health status GGG |
Social well-being NG 2
Psychological well-being I 24
Metabolic and physiological health NI

Cognitive functions I 33

Physical capabilities I 57

Figure 2. Number of papers measuring each domain.

(digital spanning forward and backward), verbal fluency (ani-
mal naming task), orientation to time (specifying month, date,
year, day of week, or season), and self-reported memory.

Metabolic and Physiological Health

Twenty-six studies assessed metabolic and physiological
health. Twenty-two of them asked questions about the self-
reported absence of chronic diseases such as cancer, lung
disease, diabetes, heart disease, stroke, and others. Two stud-
ies tested systolic blood pressure. Self-reported hypertension
and cardiovascular risk assessment were also included. Lung
function was evaluated using forced expiratory volume (I/
m?) or peak expiratory flow. One study tested the level of
fasting glucose for glucose metabolism. Biomarkers such as
C-reactive protein (CRP) and creatinine were assessed for
cardiovascular and kidney functions, respectively. Two stud-
ies measured body mass index (BMI) for body composition.
Another two studies considered body pain. One study asked
questions about self-rated vision and audition. This study
also considered sleeping problems, as inadequate sleep qual-
ity, quantity, and timing have been proven to be associated
with some metabolic disorders such as impaired glucose tol-
erance, insulin resistance, or pancreatic [3-cell dysfunction
(Briangon-Marjollet et al., 2015).

Psychological Well-being

Twenty-four studies assessed psychological well-being.
Studies used a variety of psychological scales. The Centre
for Epidemiological Studies-Depression Scale (CES-D),
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the Geriatric Depressive Screening Scale (GDS), the 9-Item
Health Questionnaire, the WHO Composite
International Diagnostic Interview, and the Hospital Anxiety

Patient

and Depression Scale were used to measure depressive
symptoms. Life satisfaction was evaluated using the Life
Satisfaction Inventory and the Satisfaction with Life Scale
(SWLS). The WHO Quality of Life-Brief/100-item scale and
the Flanagan Quality of Life Scale assessed individuals’ qual-
ity of life. Our review also found many other scales, including
the General Health Questionnaire, the Kessler Psychological
Distress Scale, the Connor-Davidson Resilience Scale, the
University of California Loneliness Scale, the Tenacious
Goal Pursuit and Flexible Goal Adjustment Scales, the
Environmental Mastery Scale, the Positive and Negative
Affect Schedule, the Life Orientation Test-Revised, and the
Purpose in Life Test. Additionally, rather than using estab-
lished scales, some studies asked separate questions about
overall life satisfaction, self-rated quality of life, personality,
extroversion, openness, happiness and loneliness, mainten-
ance of interest, absence of loneliness and optimism, control
and coping, and self-rated mood status.

Social Well-being

Twenty-two studies measured social well-being. Seventeen of
them asked questions about participation in social activities
or meetings, such as shopping, leisure activities, voluntary
work, childcare, or religious activities. Other questions about
social networks of family, friends, and neighbors were found,
including about social contact with friends and family, liv-
ing in company with relatives or friends, and having social
chats or activities with neighbors or friends. Several studies
measured emotional support, by asking whether participants
had family or friends to confide in if they needed emotional
support or whether they were being helped/supported in
life. One study considered instrumental support by asking
whether they helped others with daily tasks in and around
the house. Participants’ marital status, paid work status, and
subjective autonomy were also investigated. Four scales were
used, including the Lubben Social Network Scale, the Classic
Circle-Diagram Method, the De Jong-Gierveld Loneliness
Scale, and the Oslo 3 Support Scale.

General Health Status

Sixteen studies asked questions about individuals’ general
health. Eleven of them asked for individuals’ self-rated health
using a Likert scale (ranging from poorest to excellent). Four
studies asked about participants’ subjective feelings regard-
ing successful aging (e.g., how successfully they have aged).
One study used mortality to predict healthy aging.

Security

Socioeconomic security and environmental safety were
investigated in five studies. Socioeconomic security was

measured by investigating participants’ income or self-
perceived financial status or educational attainment.
Environmental safety was measured by asking participants
whether they felt safe when they were walking in their
neighborhood, or to rate facilities and problems in one
area.

Health Behaviors

Smoking, drinking, and/or medication intake were meas-
ured in three studies. One study applied the Mediterranean
Diet Score to assess nutritional intake.

Short Form Survey and Health Indices

Rather than measuring separate domains of healthy aging,
15 studies either developed health indices or applied the
SF-12/36 to assess healthy aging comprehensively.

Table 2 presents measurements used by the reviewed
studies in each domain of healthy aging. Supplementary
Table S1 briefly introduces all the established scales (includ-
ing references) in our review.

Discussion

From Biological Aging to the Psychosocial Model

and Resilience

Kuh’s theory of healthy biological aging mostly focused on
longevity, the absence of diagnosed chronic diseases, and
the minimization of functional deterioration and disabil-
ity. Rowe and Kahn’s theory involved psychosocial compo-
nents of healthy aging. However, both held the opinion that
social engagement and mental capacities are as important
as biological factors, since aging characteristics are age-
related rather than age-dependent. Psychological and social
well-being are measured in order to examine the effects of
self-efficacy, social roles, and social support on functional
well-being. Older people have fewer friends and family and
are more likely to feel isolated and lonely; but they benefit
more than younger generations from participation in social
activities and interactions with others, which contributes
to better emotional regulation and greater well-being
(Stafford, McMunn, Zaninotto, & Nazroo, 2011).

Rowe and Kahn also highlighted the importance of
social structure, suggesting that more social opportuni-
ties should be provided for older people. The WHO 2012
active aging model similarly emphasized the importance of
providing more social opportunities for the older adults.
The WHO 2015 healthy aging model used the term “envir-
onment” to cover all components of healthy aging in the
external world at different levels, such as the neighborhood
environment, people’s relationships, and social policies
and services. In future research, it is essential to consider
environmental indicators of healthy aging, because the
interaction between a person and their social environment
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Table 2. Measurements Used by the Reviewed Studies in Each Domain of Healthy Aging

Dimensions

Methods

Studies

Physical capabilities

Cognitive functions

Metabolic and
Physiological health

Basic/Instrumental Activities of
Daily Livings

Grip strength

Walking speed

Balance tests

Chair rise tests

Other functional limitations

Physical activity
Disability
Mini-Mental State Examination

Alice Heim 4 Test of General
Intelligence

Wechsler Adult Intelligence
Scale-Revised

Montreal Cognitive Assessment
Scale

Modified Telephone Interview
for Cognitive Status

Subjective Cognitive Failures
Questionnaire

Canadian Community Health
Survey-Healthy Ageing
Cognition Module

Japanese cognitive impairment
standards

Processing speed

Short-term memory

Working memory

Verbal fluency

Orientation to time
Self-reported memory
Self-reported absence of chronic
diseases

Systolic blood pressure
Self-reported hypertension
Cardiovascular risk assessment
Lung function

Akbaraly et al., 2013; Araujo et al., 2016; Arias-Merino et al., 2012; Assmann
et al., 2016; Baek et al., 2016; Belanger et al., 2015; Bosnes et al., 2017; Bowling
& lliffe, 2006; Campos et al., 2016; Cheung & Lau, 2016; Cosco et al., 2016;
Formiga et al., 2011; Garcia-Lara et al., 2017; Gu et al., 2016; Hodge et al.,
2013; Jaspers et al., 2017; Li et al., 2006; Liu et al., 2017; McLaughlin et al.,
2010, 2012; Meng & D’Arcy, 2014; Motta et al., 2005; Ng et al., 2009; Paul
et al., 2012; Tyas et al., 2007; Wahl et al., 2013; Woods et al., 2012

Paul et al., 2012; Whitley et al., 2016; Woods et al., 2012

Akbaraly et al., 2013; Belanger et al., 2015; Woods et al., 2012

Belanger et al., 2015

Belanger et al., 2015; Woods et al., 2012

Arias-Merino et al., 2012; Campos et al., 2016; Garcia-Lara et al., 2017; Kok
et al., 2015; Liu et al., 2017; McLaughlin et al., 2010, 2012; Mejia et al., 2017;
Pruchno, Wilson-Genderson, & Cartwright, 2010

Perales et al., 2014; Tyrovolas et al., 2014

Perales et al., 2014; Whitley et al., 2016

Araujo et al., 2016; Arias-Merino et al., 2012; Assmann et al., 2016; Baek et al.,
2016; Campos et al., 2016; Cheung & Lau, 2016; Cosco et al., 2016; Formiga
et al., 2011; Garcia-Lara et al., 2017; Gu et al., 2016; Jaspers et al., 2017; Kok
et al., 2015; Li et al., 2006; McCabe et al., 2016; Motta et al., 2005; Ng et al.,
2009; Paul et al., 2012; Tyas et al., 2007; Woods et al., 2012

Whitley et al., 2016

Wahl et al., 2013

Belanger et al., 2015

Jeste et al., 2013; Liu et al., 2017
Jeste et al., 2013

Meng & D’Arcy, 2014

Hirai et al., 2012

McLaughlin et al., 2010, 2012; Wahl et al., 2013

McLaughlin et al., 2010, 2012; Mejia et al., 2017; Perales et al., 2014; Tyas

et al., 2007

Akbaraly et al., 2013; Assmann et al., 2016; Perales et al., 2014

Akbaraly et al., 2013; Assmann et al., 2016; Perales et al., 2014

McLaughlin et al., 2010, 2012

Bosnes et al., 2017

Akbaraly et al., 2013; Araujo et al., 2016; Arias-Merino et al., 2012; Belanger
et al., 2015; Bosnes et al., 2017; Bowling & Iliffe, 2006; Campos et al., 2016;
Garcia-Lara et al., 2017; Gopinath et al., 2016; Hodge et al., 2013; Jaspers

et al., 2017; Liu et al., 2017; McLaughlin et al., 2010, 2012; Mejia et al.,
2017; Meng & D’Arcy, 2014; Motta et al., 2005; Perales et al., 2014; Pruchno,
Wilson-Genderson, & Cartwright, 2010; Wahl et al., 2013; Whitley et al., 2016
Akbaraly et al., 2013; McCabe et al., 2016

Gopinath et al., 2016; McLaughlin et al., 2012

Tyrovolas et al., 2014

Forced expiratory volume Akbaraly et al., 2013; McCabe et al., 2016

Peak expiratory flow Paul et al., 2012
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Table 2. Continued

Dimensions Methods Studies

Glucose metabolism McCabe et al., 2016

Biomarkers McCabe et al., 2016

BMI McLaughlin et al., 2012; Tyrovolas et al., 2014

Body pain Jaspers et al., 2017; Pruchno et al., 2010

Self-rated vision and audition Paul et al., 2012

Sleeping problems Paul et al., 2012
Psychological Centre for Epidemiological Assmann et al., 2016; Belanger et al., 20135; Jaspers et al., 2017; Kok et al.,
well-being Studies-Depression Scale 2015; Kozar-Westman et al., 2013; Liu et al., 2017; McLaughlin et al., 2010;

Social well-being

Geriatric Depressive Screening
Scale

9-item Patient Health
Questionnaire

WHO Composite International
Diagnostic Interview

Hospital Anxiety and Depression
Scale

Life Satisfaction Inventory
Satisfaction with Life Scale
WHO Quality of Life

Flanagan Quality of Life Scale
General Health Questionnaire
Kessler Psychological Distress
Scale

Connor-Davidson Resilience
Scale

University of California
Loneliness Scale

Tenacious Goal Pursuit and
Flexible Goal Adjustment Scales
Environmental Mastery Scale
Positive and Negative Affect
Schedule

Life Orientation Test-Revised
Purpose in Life Test

Overall life satisfaction
Self-rated quality of life

Personality, extroversion,

openness, happiness and loneliness

Maintenance of interest and

absence of loneliness and optimism

Control and coping

Self-rated mood status
Participation in social activities or
meetings

Social networks of family, friends,
and neighbors
Emotional support

Instrumental support
Marital status

Mejia et al., 2017

Araujo et al., 2016; Arias-Merino et al., 2012; Cheung & Lau, 2016; Ng et al.,
2009; Tyrovolas et al., 2014

Jeste et al., 2013

Perales et al., 2014
Bosnes et al., 2017

Kozar-Westman et al., 2013; Ng et al., 2009; Paul et al., 2012; Wahl et al., 2013
Araujo et al., 2016

Brief version Bowling & Iliffe, 2006

100-item version de Moraes & de Azevedo e Souza, 2005; Paul et al., 2012

de Moraes & de Azevedo e Souza, 2005

Bowling & Tliffe, 2006; Paul et al., 2012

Hodge et al., 2013

Jeste et al., 2013
Wahl et al., 2013
Wahl et al., 2013

Wahl et al., 2013
Wabhl et al., 2013

Jeste et al., 2013; Paul et al., 2012
Kozar-Westman et al., 2013

Gu et al., 2016; Kok et al., 2015
Perales et al., 2014

Paul et al., 2012

Cosco et al., 2016

Perales et al., 2014

Li et al., 2006

Araujo et al., 2016; Bacek et al., 2016; Bosnes et al., 2017; Bowling & Tliffe,
2006; Cheung & Lau, 2016; Garcia-Lara et al., 2017; Kok et al., 2015; Liu

et al., 2017; Mejia et al., 2017; Ng et al., 2009; Wahl et al., 2013; Whitley et al.,
2016; Woods et al., 2012

Araujo et al., 2016; Arias-Merino et al., 2012; Garcia-Lara et al., 2017; Kok

et al., 2015; McLaughlin et al., 2010; Mejia et al., 2017; Perales et al., 2014;
Tyrovolas et al., 2014; Whitley et al., 2016; Woods et al., 2012

Have family or friends to confide in Cheung & Lau, 2016; Jaspers et al., 2017
Being helped/supported in life Bowling & Iliffe, 2006

Bowling & lliffe, 2006

Arias-Merino et al., 2012; McLaughlin et al., 2010; Mejia et al., 2017; Whitley
etal., 2016
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Table 2. Continued

Dimensions

Methods

Studies

General health status

Security

Paid work status

Subjective autonomy

Lubben Social Network Scale
Classic Circle-diagram

De Jong-Gierveld Loneliness
Scale

Oslo 3 Support Scale
Self-rated health

Subjective feeling regarding
successful aging
Mortality

Socioeconomic security

Arias-Merino et al., 2012; Belanger et al., 2015; Bosnes et al., 2017; Garcia-Lara
et al., 2017; McLaughlin et al., 2010; Mejiia et al., 2017; Meng & D’Arcy, 2014
Wahl et al., 2013

Paul et al., 2012

Wabhl et al., 2013

Kok et al., 2015

Perales et al., 2014

Belanger et al., 2015; Campos et al., 2016; Cheung & Lau, 2016; Cosco et al.,
2016; Gu et al., 2016; Kok et al., 2015; Ng et al., 2009; Sowa et al., 2016; Tyas
et al., 2007; Wahl et al., 2013; Woods et al., 2012

Baek et al., 2016; Gu et al., 2016; Jeste et al., 2013; Pruchno et al., 2010

Hirai et al., 2012
Income or financial status Belanger et al., 2015; Bowling & Iliffe, 2006; Cheung

& Lau, 2016; Paul et al., 2012; Tyrovolas et al., 2014
Educational attainment Paul et al., 2012; Tyrovolas et al., 2014

Environmental safety

Feel safe Perales et al., 2014

Rate facilities and problems Bowling & Iliffe, 2006

Health behaviors Smoking, drinking and (or)
medication intake

The Mediterranean Diet Score
Short Form Survey and Health indices

health indices

Campos et al., 2016; Paul et al., 2012; Perales et al., 2014

Tyrovolas et al., 2014
Byun & Jung, 2016; Chukwuoriji et al., 2017; Caballero et al., 2017; Feng &
Straughan, 2016; Gu et al., 2016; Kozar-Westman et al., 2013; Manasatchakun

et al., 2016; Tate et al., 2013; Wada et al., 2016

Short Form-12/36 Health Survey
(SF-12/36)

Assmann et al., 2016; Germain et al., 2013; Hodge et al., 2013; Jeste et al.,
2013; Li et al., 2014; Woods et al., 2012

can explain most of the variability in intrinsic capacities in
older age (Brooks-Wilson, 2013).

Some researchers have criticized Rowe and Kahn’s three
standards as providing a “perfect” definition, because Rowe
and Kahn excluded older people with any evidence of inca-
pacity and retained only a small “elite” group of the older
adults (Lowry, Vallejo, & Studenski, 2012). Several stud-
ies in this review likewise classified healthy agers by only
categorizing individuals who were free of any impairment
or illness into a healthy aging group (Assmann et al., 2016;
Bosnes et al., 2017; Campos, Ferreira, Vargas, & Gongalves,
2016; Garcia-Lara et al., 2017; Gopinath, Flood, Kifley,
Louie & Mitchell, 2016; Liu et al., 2017; Sowa et al., 2016;
Wada, Mortenson, & Hurd Clarke, 2016). According to
Baltes and Baltes’s SOC theory, many older people have
impairment in one or more domains, but they may still
be capable of taking advantage of their remaining capaci-
ties and compensating for any losses or limitations. SOC
focuses on the importance of resilience, allowing for self-
efficacy and growth in the context of increased biological
vulnerability and reduced capabilities. Similar to Baltes and
Baltes, the WHO 2015 healthy aging model also recognized
older people’s ability to maintain and improve a level of
functional ability in the face of adversity. It said that sen-
iors might preserve some functional skills without drawing

on them at particular points in time, and that these pre-
served skills could contribute to their resilience. Therefore,
when measuring healthy aging, researchers need to con-
sider whether a “disease-free” aging status is achievable, to
ensure the classification of healthy agers does not import
any selection bias.

Essential Domains of Healthy Aging

Although previous studies measure healthy aging differently,
our review still found similar trends in the demographic,
socioeconomic, psychosocial, and behavioral inequalities
of healthy aging. For example, men, younger, and married
participants tended to be healthier than those who were
women, older, and unmarried (Aragjo, Ribeiro, Teixeira, &
Paul, 2016; Campos et al., 2016; Cosco et al., 2016; Jaspers
et al., 2017; Liu et al., 2017). Older people who had better
psychosocial well-being, such as less stress and more family
support, could more easily achieve healthy aging than oth-
ers (Baek, Martin, Siegler, Davey, Poon, 2016; Byun & Jung,
2016; Chukwuoriji et al., 2017; Gu, Brown, & Qiu, 2016;
Kok, Aartsen, Deeg, & Huisman, 2015). People in more
advantaged socioeconomic groups were more likely to have
less illness in later life (Caballero et al., 2017; Kok et al.,
2015; Liu et al., 2017; Whitley, Benzeval, & Popham, 2016).
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Those who were nonsmokers, took more physical exercise
and had higher nutritional intakes, were also more likely to
become healthy agers (Bosnes et al., 2017; Sowa, Tobiasz-
Adamczyk, Topor-Madry, Poscia, & la Milia, 2016). The
abilities of the different healthy aging models to distinguish
inequalities in healthy aging were similar, indicating that
the development of a single worldwide metric of healthy
aging seems unnecessary.

However, our review shows that the domains of physical
capability, cognitive function, metabolic and physiological
health, psychological well-being, and social well-being are
more frequently used than other domains to assess healthy
aging (Figure 2). Furthermore, more instruments were
applied to measure them (Table 2). They are important
components of healthy aging in Rowe and Kahn’s theory.
Previous reviews have also recognized them as important
characteristics of healthy aging (Bowling & Dieppe, 2005;
Cosco, Prina, Perales, Stephan, & Brayne, 2014; Depp &
Jeste, 2006).

Sufficient studies have found an association of these five
domains with morbidity or mortality. For example, higher
blood pressure, and low-density lipoprotein cholesterol and
fasting glucose contribute to adverse cardiometabolic events
in older age (Lawlor & Hardy, 2014). A meta-analysis has
indicated that weaker grip strength, slower walking speed,
and poorer performance in chair rise and standing balance
tests in older people are all associated with an increased
risk of all-cause mortality (Cooper, Kuh, & Hardy, 2010).
Another study among community-dwelling older adults
showed that cognitive decline, especially among the young
older adults, had a significantly adverse impact on longevity
(Bassuk, Wypij, & Berkman, 2000). One study found that
social-emotional support, such as receiving verbal encour-
agement, getting married, or participating in social activi-
ties, was positively associated with neuroendocrine function
and physical performance among the aging population
(Glass, Seeman, Herzog, Kahn, & Berkman, 1995).

Therefore, physical capabilities, cognitive functions,
metabolic and physiological health, psychological well-
being, and social well-being are identified in our review as
essential domains for future epidemiological research to
assess healthy aging.

Measurements in Each Domain of Healthy Aging

Physical capability is the degree to which a person can
manage the physical tasks of daily living (Segen, 1992).
(DADLs were the most frequently used instruments to
measure this in our review. One community-based study
endorsed the application of (I)ADLs, saying that they can
describe a broader range of needs among the older adults
(Spector, Katz, Murphy, & Fulton, 1987). Another commu-
nity-based study also recognized IADLs as a good discrim-
inator of physical incapacities, but expressed concern that
items such as food preparation, housekeeping, and laundry
were highly relevant to women, resulting in reporting bias

among men (Avlund, Schultz-Larsen, & Kreiner, 1993).
A hospital-based study preferred to use direct observations
of performance, such as grip strength, walking speed, bal-
ance, or the chair rise test, to predict physical capabilities,
as patients consistently overrated their own abilities in
(DADLs (Edwards, 1990). Physical activity is difficult to
measure accurately, as it comprises work, transport, and
entertainment activities. More importantly, when asking
participants about physical activities, researchers some-
times used terms such as “exercise” or “fitness” rather
than “activity”, but these terms are not interchangeable
(Caspersen, Powell, & Christenson, 1985). For the absence
of disability, neither WHODAS2.0 nor OPCS measures dis-
abilities in terms of only physical capabilities. Both also
consider disability in other respects, such as cognitive dis-
ability, or disability in self-care activities or getting along
with others (World Health Organization, 2010). Therefore,
ADLs and TADLs are recommended for community-based
studies to predict physical capabilities. Also, it is better to
include direct observations of performance to improve pre-
dictability, especially when measuring physical capabilities
among men.

Cognitive function is an intellectual process by which
one becomes aware of, perceives, or comprehends ideas.
It is related to knowledge, attention, memory, judgment,
evaluation, and more (Segen, 1992). MMSE was the most
frequently applied scale in our review. It is valid for identi-
fying severe cognitive impairment, but it is not sensitive to
mild cognitive impairment, and it should not be used as a
diagnostic tool to identify early signs of dementia (Simard,
1998; Tombaugh & Mclntyre, 1992). One potential reason
for this is that the tests of memory and executive functions
in MMSE are quite limited. MMSE has no recognition
paradigms, vision, personal, or working memory measures,
and no tests of the capacity to abstract or judge social situ-
ations (Simard, 1998). Researchers compared MMSE with
MoCA, indicating that MoCA has more reliable psycho-
metric properties to detect mild cognitive impairment or
dementia (Hoops et al., 2009). Researchers have suggested
using MMSE along with other measures to enhance the
validity of cognitive function evaluations (Simard, 1998).
For example, MMSE could be applied together with tests
of short-term memory (immediate or delayed word recall),
working memory (digital spanning forward and backward),
verbal fluency (animal naming task), or orientation to time
(specifying month, date, year, day of week, or season). In
this review, two studies used MMSE along with tests of
short-term memory (Tyas, Snowdon, Desrosiers, Riley, &
Markesbery, 2007) or verbal fluency and working memory
(Assmann et al., 2016), which may provide more detailed
information about participants’ cognitive functions.

In the domain of metabolic and physical health, around
85% articles asked questions about the self-reported
absence of diseases. However, little previous research has
discussed the validity of these questions. One study sug-
gested that men were more likely to over-report stroke but
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under-report malignancies; women tended to over-report
malignancies and arthritis; and older age was associated
with both over- and under-reporting of cardiac diseases,
over-reporting of stroke and under-reporting of arthritis
(Kriegsman, Penninx, van Eijk, Boeke, & Deeg, 1996).
Apart from asking questions about the absence of dis-
eases, one study also added tests for systolic blood pres-
sure, forced expiratory volume (I/m?), fasting glucose, CRP,
and creatinine to provide more objective results (Akbaraly
et al., 2013). Two studies used BMI as a surrogate meas-
ure of body fat. However, researchers argued that aging is
accompanied by a progressive increase in the ratio between
fat and lean body mass, and BMI fails to detect the “con-
version” of lean to fat tissue (Prentice & Jebb, 2001). Only
two studies measured body pain, sleeping problems, and/
or self-reported vision and audition, although these are
important indicators of frailty for the aging population
(Rockwood et al., 2005). In summary, we cannot deny that
the self-reported absence of chronic diseases may involve
reporting bias, but it has frequently been used in many pre-
vious studies. Objective tests for cardiovascular and lung
function, glucose metabolism, sleeping problems, vision,
audition, and body pain are able to provide more accurate
information on individuals’ metabolic and physical health.

The validity of psychological scales has been confirmed
in previous studies. For example, CES-D is capable of distin-
guishing the severity of depressive symptoms and providing
valid information for psychiatric treatment (Radloff, 1977).
GDS is internally consistent with the Hamilton Rating Scale
for Depression or the Zung Self-Rating Depression Scale
and is significantly correlated with Research Diagnostic
Criteria for depression (Yesavage et al., 1982). SWLS is
correlated moderately to highly with subjective well-being
and is suitable for different age groups (Diener, Emmons,
Larsen, & Griffin, 1985). However, different studies have
used different terminology to specify what they measure,
even on the same scale, and items are used interchangeably
across studies—for example, “depression” and “depressive
symptoms”; “distress” and “disorder”; or “emotional”,
“psychological”, and “mental” well-being. None of the
screening scales reflects a specified conceptual domain.
Researchers failed to explain conceptually what they were
attempting to measure. Therefore, it is difficult to conduct
comparisons across studies. When researchers are choos-
ing scales to measure psychological well-being, it is neces-
sary to clearly distinguish between the concepts behind the
measurements, rather than only focusing on the validity
and reliability of scales.

Measurements of social well-being are fuzzy, and there
are no clear boundaries between them. Norms and expecta-
tions of social well-being vary across different cultures and
social classes. The commonest way to avoid these issues is
to focus on measuring specific social roles. There is agree-
ment on several social behaviors, such as being involved
in the community or paid employment, doing house-
work, being a parent or spouse, or having leisure activities

(McDowell, 2006a). Many studies in our review measured
these social behaviors by asking questions about the fre-
quency of engaging in social activities or meetings, help-
ing others, paid work status, and marital status. Recent
research also emphasizes the importance of participating
in creative activities for healthy aging, suggesting that
developing a long-term and substantial interest in a hobby,
with the goal of attaining skills, may improve older peo-
ple’s adaptation to later life (Adams-Price, Nadorff, Morse,
Davis, & Stearns, 2018).

Both health indices and the Short Form Health Survey
are designed to summarize different aspects of health in
an overall score, with the aim of developing health met-
rics to assess healthy aging comprehensively. Rather than
dichotomizing healthy and unhealthy aging, they deter-
mine healthy aging on the basis of a continuous rating,
which mostly avoids the risk of only recognizing partici-
pants with no incapacity as healthy agers. However, all the
studies calculated the final score simply by summing each
indicator score, potentially resulting in inaccurate assess-
ments of participants’ health, since a participant’s severe
illness in one domain will be neglected if the person gets
an intermediate sum score due to better health in other
domains. Some researchers hold a similar opinion, stating
that respondents can attain an intermediate score in many
ways, which does not provide interpretable information on
health (McDowell, 2006b). However, it is rare that epide-
miologists have considered how to calculate the param-
eters of each health indicator. A recent study developing a
mortality risk index allocated parameters for each health
indicator based on the beta coefficient that each indicator
achieved when predicting mortality (Kobayashi, Jackson,
Lee, Wardle, & Steptoe, 2016).

Questions about self-rated health or subjective feelings
about successful aging can only provide supplementary
information about healthy aging, as they cannot capture
specific characteristics. In relation to security and health
behaviors, many studies in our review mainly recognized
these as social determinants of healthy aging, rather than
as components of it. For example, one study indicated that
people with higher educational attainment were more likely
to achieve healthy aging (Perales et al., 2014). Another
study suggested that participants with lower incomes
would attain lower healthy aging scores (Manasatchakun
et al., 2016). Consuming more fiber-rich food or following
nutritional intake guidelines was also proven to be benefi-
cial for healthy aging (Assmann et al., 2016; Germain et al.,
2013; Gopinath et al., 2016; Tyrovolas et al., 2014).

Implications

This review discussed the theoretical development of healthy
aging; recommended essential domains of healthy aging;
and made suggestions as to the choice of instruments to
measure healthy aging. Measures in physical and cognitive
functions, as well as psychological and social well-being,
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were in correspondence with instruments provided in the
NIH Toolbox (National Institutes of Health, 2004), an
important e-resource which includes comprehensive and
validated assessment tools to evaluate neurological and
behavioral functions among individuals aged 3-85 years.
This review provides convincing guidelines toward the
development of well-suited assessments of healthy aging in
epidemiological studies. It may also help clinicians select
simple, but efficient and understandable health indicators
to identify healthy agers in prevention or intervention tri-
als. Moreover, this review may be useful for policy-makers
to capture key elements of healthy aging, develop aging
policies in social, economic and civic affairs, and optimize
opportunities for older people’s health, social participation,
and security.

Limitations

Our review only includes English-language publications.
Articles in other languages may introduce more country-
specific indicators of healthy aging. For example, a study
reported that the dependence on family was a predictor
of healthy aging among Singaporeans (Feng & Straughan,
2016). Also, we only searched the PubMed database, which
may affect the representativeness of the data. However, our
review recommended coherent domains and measurements
of healthy aging to those which are provided in the NIH
Toolbox. Another limitation is that it is data-driven. We can
only report on the available variables in studies, but these
may not meet researchers’ full requirements. Our recom-
mendations for measurements of healthy aging can only be
developed on the basis of the variables they used. Moreover,
although theories of healthy aging suggest avoiding nega-
tive attitudes or norms about the older adults, and focusing
on measuring well-being rather than losses or limitations,
previous studies still assessed healthy aging negatively, as
most current methods or scales measure illness or impair-
ment rather than well-being.

Conclusion

In conclusion, psychosocial components are as important
as biological components in healthy aging. Future research
needs to consider the environmental indicators of healthy
aging. Also, researchers need to think about whether a
“disease-free” aging status is achievable in their samples, to
avoid selection bias when identifying healthy agers.

The development of a single worldwide metric of healthy
aging seems to be unnecessary. However, our review identi-
fied physical capabilities, cognitive functions, metabolic and
physiological health, psychological well-being, and social
well-being as more frequently used domains than others.

ADLs and IADLs are recommended for community-
based studies to predict physical capabilities. It is also bet-
ter to test direct observations of performance such as grip
strength, walking speed, balance, and the chair rise test to

improve predictability, especially when measuring physical
capabilities among men. MMSE is not the most appropri-
ate scale to evaluate cognitive functions, but it can provide
a brief cognitive screening test, and has been used in this
way in numbers of population-based studies. Its applica-
tion along with other cognitive tests, especially in mem-
ory and executive functions, is recommended. Self-reported
absence of chronic diseases may result in reporting bias, but
it has been used in many studies. It is better to have object-
ive tests for cardiovascular and lung functions, glucose
metabolism, sleeping problems, vision, audition, and body
pain. However, BMI may not be an appropriate indicator
of body composition for the aging population. When one is
choosing scales to measure psychological well-being, rather
than only focusing on the validity and reliability of scales,
it is more important to clearly distinguish the concepts
behind the measurements. Measurements of social well-
being are fuzzy, but measurements of specific social roles
are common in previous research. When developing health
indices or applying SF-12/36 to measure healthy aging, it is
recommended that one should consider the parameters of
each health indicator, because different indicators may play
different roles for individuals in promoting healthy aging.

Supplementary Data

Supplementary data are available at The Gerontologist
online.

Funding

WL was supported by the UCL Overseas Research Scholarship and
the China Scholarship Council (File No. 201608060385). AS was
supported by the Economic and Social Research Council (Award
No. ES-J019119/1).

Conflict of Interest

None reported.

References

Adams-Price, C. E., Nadorff, D. K., Morse, L. W., Davis, K.
T., & Stearns, M. A. (2018). The creative benefits scale:
Connecting generativity to life satisfaction. International
Journal of Aging and Human Development, 86, 242-265.
doi:10.1177/0091415017699939

Akbaraly, T. N., Hamer, M., Ferrie, J. E., Lowe, G., Batty, G. D.,
Hagger-Johnson, G., ... Kivimiki, M. (2013). Chronic inflam-
mation as a determinant of future aging phenotypes. CMA]J:
Canadian Medical Association Journal, 185, E763-E770.
doi:10.1503/cmaj.122072

Araujo, L., Ribeiro, O., Teixeira, L., & Paiil, C. (2016). Predicting
successful aging at one hundred years of age. Research on Aging,
38, 689-709. d0i:10.1177/0164027515603771

Arias-Merino, E. D., Mendoza-Ruvalcaba, N. M., Arias-Merino,
M. J., Cueva-Contreras, J., & Vazquez Arias, C. (2012).

Downl oaded from https://academ c. oup. cont geront ol ogi st/ advance-articl e-abstract/doi/10. 1093/ geront/gny029/ 4980413
by University College London Library user

on 03 May 20

18



14

The Gerontologist, 2018, Vol. 00, No. 00

Prevalence of successful aging in the elderly in Western Mexico.
Current Gerontology and Geriatrics Research, 2012, 460249.
doi:10.1155/2012/460249

Assmann, K. E., Andreeva, V. A., Camilleri, G. M., Verger, E. O.,
Jeandel, C., Hercberg, S., ... Kesse-Guyot, E. (2016). Dietary
scores at midlife and healthy ageing in a French prospec-
tive cohort. The British Journal of Nutrition, 116, 666-676.
doi:10.1017/50007114516002233

Avlund, K., Schultz-Larsen, K., & Kreiner, S. (1993). The measure-
ment of instrumental ADL: Content validity and construct valid-
ity. Aging (Milan, Italy), 5, 371-383. doi:10.1007/BF03324192

Baek, Y., Martin, P., Siegler, I. C., Davey, A., & Poon, L. W. (2016).
Personality traits and successful aging: Findings from the Georgia
Centenarian Study. International Journal of Aging and Human
Development, 83,207-227. doi:10.1177/0091415016652404

Baltes, P. B., & Baltes, M. M. (1990). Pyschological perspectives on
successful aging: The model of selective optimization with com-
pensation. In P. B. Baltes & M. M. Baltes (Eds.), Successful aging
perspectives from the behavioral sciences (pp. 1-27). New York:
Press Syndicate of the University of Cambridge.

Bassuk, S. S., Wypij, D., & Berkman, L. F. (2000). Cognitive impair-
ment and mortality in the community-dwelling elderly. American
Journal of Epidemiology, 151, 676—688. doi:10.1093/oxford-
journals.aje.a010262

Belanger, E., Ahmed, T., Filiatrault, J., Yu, H. T., & Zunzunegui, M.
V. (2015). An empirical comparison of different models of active
aging in Canada: The international mobility in aging study.
Gerontologist, 57,197-205. doi:10.1093/geront/gnv126

Bosnes, I., Almkvist, O., Bosnes, O., Stordal, E., Romild, U., &
Nordahl, H. M. (2017). Prevalence and correlates of successful
aging in a population-based sample of older adults: The HUNT
study. International Psychogeriatrics, 29,431-440. doi:10.1017/
$1041610216001861

Bowling, A., & Dieppe, P. (2005). What is successful ageing and who
should define it?> BM] (Clinical research ed.), 331, 1548-1551.
doi:10.1136/bmj.331.7531.1548

Bowling, A., & Iliffe, S. (2006). Which model of successful ageing
should be used? Baseline findings from a British longitudinal survey
of ageing. Age and Ageing, 35,607-614. doi:10.1093/ageing/afl100

Boyle, M. H. (1998). Guidelines for evaluating prevalence studies.
BMI Journals, 1, 37-38. d0i:10.1136/ebmh.1.2.37

Briancon-Marjollet, A., Weiszenstein, M., Henri, M., Thomas,
A., Godin-Ribuot, D., & Polak, ]J. (2015). The impact of sleep
disorders on glucose metabolism: Endocrine and molecular
mechanisms. Diabetology and Metabolic Syndrome, 7, 25.
doi:10.1186/s13098-015-0018-3

Brooks-Wilson, A. R. (2013). Genetics of healthy aging and lon-
gevity. Human Genetics, 132, 1323-1338. doi:10.1007/
s00439-013-1342-z

Byun, J., & Jung, D. (2016). The influence of daily stress and resil-
ience on successful ageing. International Nursing Review, 63(3),
482-489. d0i:10.1111/inr.12297

Caballero, F. E, Soulis, G., Engchuan, W., Sdnchez-Niubo, A.,
Arndt, H., Ayuso-Mateos, J. L., ... Panagiotakos, D. B. (2017).
Advanced analytical methodologies for measuring healthy age-
ing and its determinants, using factor analysis and machine
learning techniques: The ATHLOS project. Scientific Reports, 7,
43955. doi:10.1038/srep43955

Campos, A. C., Ferreira, E. F, Vargas, A. M., & Gongalves, L.
H. (2016). Healthy aging profile in octogenarians in Brazil.
Revista Latino-Americana  de e2724.
doi:10.1590/1518-8345.0694.2724

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985).
Physical activity, exercise, and physical fitness: Definitions and
distinctions for health-related research. Public Health Reports
(Washington, D.C.: 1974), 100, 126-131.

Cheung, K. S., & Lau, B. H. (2016). Successful aging among Chinese

near-centenarians and centenarians in Hong Kong: A multidi-

Enfermagem, 24,

mensional and interdisciplinary approach. Aging and Mental
Health, 20, 1314-1326. doi:10.1080/13607863.2015.1078281

Chukwuorji, J. C., Nwoke, M. B., & Ebere, M. O. (2017). Stressful
life events, family support and successful ageing in the Biafran
War generation. Aging ¢& Mental Health, 21, 95-103. doi:10.10
80/13607863.2015.1083946

Cicero, M. T. (44BC/1951). On old age. In M. Hadas (Ed.), The basic
works of Cicero (pp. 125-158). New York: Random House.

Cooper, R., Kuh, D., & Hardy, R.; Mortality Review Group;
FALCon and HALCyon Study Teams. (2010). Objectively meas-
ured physical capability levels and mortality: Systematic review
and meta-analysis. BM] (Clinical research ed.), 341, c4467.
doi:10.1136/bmj.c4467

Cosco, T. D., Prina, A. M., Perales, J., Stephan, B. C., & Brayne,
C. (2014). Operational definitions of successful aging: A sys-
tematic review. International Psychogeriatrics, 26, 373-381.
doi:10.1017/5S1041610213002287

Cosco, T. D., Stephan, B. C., Muniz, G., & Brayne, C.; CC75C Study
Collaboration. (2016). A novel examination of successful aging
trajectories at the end of life. Canadian Journal on Aging, 35,
533-540. doi:10.1017/S0714980816000519

Depp, C. A., & Jeste, D. V. (2006). Definitions and predictors of
successful aging: A comprehensive review of larger quantitative
studies. The American Journal of Geriatric Psychiatry, 14, 6-20.
doi:10.1097/01.JGP.0000192501.03069.bc

Diener, E., Emmons, R. A., Larsen, R. J., & Griffin, S. (1985). The
Satisfaction with Life Scale. Journal of Personality Assessment,
49, 71-75. d0i:10.1207/s15327752jpa4901_13

Edwards, M. M. (1990). The
self-report activities of daily living scales.
273-278. doi:10.1177/000841749005700507

Feng, Q., & Straughan, P. T. (2016). What does successful aging mean?
Lay Perception of successful aging among elderly Singaporeans.

reliability and validity of
cjor, 57,

The Journals of Gerontology, Series B: Psychological Sciences
and Social Sciences. doi:10.1093/geronb/gbw151

Formiga, E, Ferrer, A., Alburquerque, J., Ferndndez-Quevedo, M.,
Royo, C., & Pujol, R.; Octabaix Study Members. (2012). The
challenge of maintaining successful aging at 87 years old: The
Octabaix study two-year follow-up. Rejuvenation Research, 15,
584-589. doi:10.1089/rej.2012.1343

Formiga, F, Ferrer, A., Megido, M. J., Chivite, D., Badia, T., & Pujol,
R. (2011). Low co-morbidity, low levels of malnutrition, and
low risk of falls in a community-dwelling sample of 85-year-
olds are associated with successful aging: The Octabaix study.
Rejuvenation Research,14,309-314. d0i:10.1089/rej.2010.1131

Garcia-Lara, J. M., Navarrete-Reyes, A. P., Medina-Méndez, R.,
Aguilar-Navarro, S. G., & Avila-Funes, J. A. (2017). Successful
aging, a new challenge for developing countries: The Coyoacédn

Downl oaded from https://academ c. oup. cont geront ol ogi st/ advance-articl e-abstract/doi/10. 1093/ geront/gny029/ 4980413
by University College London Library user

on 03 May 20

18



The Gerontologist, 2018, Vol. 00, No. 00

15

Cohort. The Journal of Nutrition, Health and Aging, 21, 215-
219. d0i:10.1007/s12603-016-0728-8

Germain, L., Latarche, C., Kesse-Guyot, E., Galan, P., Hercberg, S.,
& Briangon, S. (2013). Does compliance with nutrition guide-
lines lead to healthy aging? A quality-of-life approach. Journal
of the Academy of Nutrition and Dietetics, 113, 228-40.el.
doi:10.1016/4.jand.2012.10.015

Glass, T. A., Seeman, T. E., Herzog, A. R., Kahn, R., & Berkman,
L. E (1995). Change in productive activity in late adult-
hood: MacArthur studies of successful aging. The Journals
of Gerontology, Series B: Psychological Sciences and Social
Sciences, 50, S65-S76. doi:10.1093/geronb/50B.2.565

Gopinath, B., Flood, V. M., Kifley, A., Louie, J. C., & Mitchell, P.
(2016). Association between carbohydrate nutrition and suc-
cessful aging over 10 years. The Journals of Gerontology, Series
A: Biological Sciences and Medical Sciences, 71, 1335-1340.
doi:10.1093/geronal/glw091

Gu, D., Brown, B. L., & Qiu, L. (2016). Self-perceived uselessness
is associated with lower likelihood of successful aging among
older adults in China. BMC Geriatrics, 16, 172. doi:10.1186/
s12877-016-0348-5

Gu, D., Feng, Q., Sautter, J. M., Yang, F., Ma, L., & Zhen, Z. (2016).
Concordance and discordance of self-rated and researcher-
measured successful aging: Subtypes and associated factors. The
Journals of Gerontology, Series B: Psychological Sciences and
Social Sciences, 72,214-227. d0i:10.1093/geronb/gbw143

Hirai, H., Kondo, K., & Kawachi, 1. (2012). Social determinants of
active aging: Differences in mortality and the loss of healthy
life between different income levels among older Japanese in
the AGES Cohort Study. Current Gerontology and Geriatrics
Research,2012,701583. doi:10.1155/2012/701583

Hodge, A. M., English, D. R., Giles, G. G., & Flicker, L. (2013). Social
connectedness and predictors of successful ageing. Maturitas,
75, 361-366. doi:10.1016/j.maturitas.2013.05.002

Hoops, S., Nazem, S., Siderowf, A. D., Duda, J. E., Xie, S.
X., Stern, M. B., & Weintraub, D. (2009). Validity of the
MoCA and MMSE in the detection of MCI and dementia in
Parkinson disease. Neurology, 73, 1738-1745. doi:10.1212/
WNL.0b013e3181c34b47

Jaspers, L., Schoufour, J. D., Erler, N. S., Darweesh, S. K., Portegies,
M. L., Sedaghat, S., ... Kavousi, M. (2017). Development
of a healthy aging score in the population-based Rotterdam
Study: Evaluating age and sex differences. Journal of the
American Medical Directors Association, 18, 276.e1-276.€7.
doi:10.1016/j.jamda.2016.11.021

Jeste, D. V., Savla, G. N., Thompson, W. K., Vahia, I. V., Glorioso, D.
K., Martin, A. S., ... Depp, C. A. (2013). Association between
older age and more successful aging: Critical role of resilience
and depression. American Journal of Psychiatry, 170, 188-196.
doi:10.1176/appi.ajp.2012.12030386

Kobayashi, L. C., Jackson, S. E., Lee, S. J., Wardle, J., & Steptoe, A.
(2016). The development and validation of an index to predict
10-year mortality risk in a longitudinal cohort of older English
adults. Age Ageing, 46,427-432. doi:10.1093/ageing/afw199

Kok, A. A., Aartsen, M. J., Deeg, D. J., & Huisman, M. (2015).
Capturing the diversity of successful aging: An operational
definition based on 16-year trajectories of functioning.
Gerontologist, 57,240-251. doi:10.1093/geront/gnv127

Kozar-Westman, M., Troutman-Jordan, M., & Nies, M. A. (2013).
Successful aging among assisted living community older adults.
Journal of Nursing Scholarship, 45, 238-246. doi:10.1111/
jnu.12027

Kriegsman, D. M., Penninx, B. W., van Eijk, J. T., Boeke, A. J., &
Deeg, D. J. (1996). Self-reports and general practitioner informa-
tion on the presence of chronic diseases in community dwelling
elderly. A study on the accuracy of patients’ self-reports and on
determinants of inaccuracy. Journal of Clinical Epidemiology,
49, 1407-1417. d0i:10.1016/S0895-4356(96)00274-0

Kuh, D., Richards, M., Cooper, R., Hardy, R., & Ben-Shlomo, Y.
(2014). The life course perspective on healthy ageing. In D. Kuh,
R. Cooper, R. Hardy, M. Richards, & Y. B. Shlomo (Eds.), A
life course approach to healthy ageing (pp. 3-15). New York:
Oxford University Press.

Lara, J., Godfrey, A., Evans, E., Heaven, B., Brown, L. J., Barron,
E., ... Mathers, J. C. (2013). Towards measurement of the
healthy ageing phenotype in lifestyle-based intervention studies.
Maturitas, 76, 189-199. doi:10.1016/j.maturitas.2013.07.007

Lawlor, D. A., & Hardy, R. (2014). Vascular and metabolic func-
tion across the life course. In D. Kuh, R. Cooper, R. Hardy, M.
Richards, & Y. Ben-Shlomo (Eds.), A life course approach to
bealthy ageing (pp. 146-161). New York: Oxford University
Press.

Li, C., Wu, W,, Jin, H., Zhang, X., Xue, H., He, Y., ... Zhang, M.
(2006). Successful aging in Shanghai, China: Definition, distri-
bution and related factors. International Psychogeriatrics, 18,
551-563. doi:10.1017/51041610205002966

Li, C. L, Lin, C. H., Lin, W. Y., Liu, C. S., Chang, C. K., Meng,
N. H., ... Lin, C. C. (2014). Successful aging defined by
health-related quality of life and its determinants in com-
munity-dwelling elders. BMC Public Health, 14, 1013.
doi:10.1186/1471-2458-14-1013

Liu, H., Byles, J. E., Xu, X., Zhang, M., Wu, X., & Hall, J. J. (2017).
Evaluation of successful aging among older people in China:
Results from China health and retirement longitudinal study.
Geriatrics and Gerontology International, 17, 1183-1190.
doi:10.1111/ggi. 12848

Lowry, K. A., Vallejo, A. N., & Studenski, S. A. (2012). Successful
aging as a continuum of functional independence: Lessons from
physical disability models of aging. Aging and Disease, 3, 5-15.

Manasatchakun, P., Chotiga, P., Hochwilder, J., Roxberg, A.,
Sandborgh, M., & Asp, M. (2016). Factors associated with
healthy aging among older persons in Northeastern Thailand.
Journal of Cross-Cultural ~Gerontology, 31, 369-384.
doi:10.1007/s10823-016-9296-y

McCabe, E. L., Larson, M. G., Lunetta, K. L., Newman, A. B.,
Cheng, S., & Murabito, J. M. (2016). Association of an index of
healthy aging with incident cardiovascular disease and mortality
in a community-based sample of older adults. The Journals of
Gerontology, Series A: Biological Sciences and Medical Sciences,
71,1695-1701. doi:10.1093/geronal/glw077

McDowell, I. (2006a). Social health measuring health: A guide to
rating scales and questionnaires (3rd ed., pp. 151-153). New
York: Oxford University Press.

McDowell, I. (2006b). The theoretical and technical foundations of
health management measuring health: A guide to rating scales
and questionnaires (pp. 15). New York: Oxford University Press.

Downl oaded from https://academ c. oup. cont geront ol ogi st/ advance-articl e-abstract/doi/10. 1093/ geront/gny029/ 4980413
by University College London Library user

on 03 May 20

18



16

The Gerontologist, 2018, Vol. 00, No. 00

McLaughlin, S. J., Connell, C. M., Heeringa, S. G., Li, L. W., &
Roberts, J. S. (2010). Successful aging in the United States:
Prevalence estimates from a national sample of older adults. The
Journals of Gerontology, Series B: Psychological Sciences and
Social Sciences, 65B, 216-226. doi:10.1093/geronb/gbp101

McLaughlin, S. J., Jette, A. M., & Connell, C. M. (2012). An examina-
tion of healthy aging across a conceptual continuum: Prevalence
estimates, demographic patterns, and validity. The Journals of
Gerontology, Series A: Biological Sciences and Medical Sciences,
67,783-789. doi:10.1093/gerona/glr234

Mejia, S. T., Ryan, L. H., Gonzalez, R., & Smith, J. (2017). Successful
aging as the intersection of individual resources, age, environ-
ment, and experiences of well-being in daily activities. The
Journals of Gerontology, Series B: Psychological Sciences and
Social Sciences, 72,279-289. doi:10.1093/geronb/gbw148

Meng, X., & D’Arcy, C.
Prevalence and predictors from a population-based sample of
older adults. Gerontology, 60, 65-72. doi:10.1159/000354538

de Moraes, J. E, & de Azevedo e Souza, V. B. (20035). Factors asso-
ciated with the successful aging of the socially-active elderly

(2014). Successful aging in Canada:

in the metropolitan region of Porto Alegre. Revista Brasileira
de Psiquiatria (Sao Paulo, Brazil: 1999), 27, 302-308. doi:/
$1516-44462005000400009

Motta, M., Bennati, E., Ferlito, L., Malaguarnera, M., & Motta, L.;
Italian Multicenter Study on Centenarians (IMUSCE). (2005).
Successful aging in centenarians: Myths and reality. Archives
of Gerontology and Geriatrics, 40, 241-251. doi:10.1016/j.
archger.2004.09.002

National Institutes of Health. (2004). HealthMeasures: Transforming
how health is measured. Retrieved from http://www.healthmeas-
ures.net/explore-measurement-systems/nih-toolbox

Ng, T. P., Broekman, B. E, Niti, M., Gwee, X., & Kua, E. H. (2009).
Determinants of successful aging using a multidimensional
definition among Chinese elderly in Singapore. The American
Journal of Geriatric Psychiatry, 17, 407-416. doi:10.1097/
JGP.0b013e31819a808e

Paul, C., Ribeiro, O., & Teixeira, L. (2012). Active ageing: An empir-
ical approach to the WHO model. Current Gerontology and
Geriatrics Research,2012,382972. doi:10.1155/2012/382972

Perales, J., Martin, S., Ayuso-Mateos, J. L., Chatterji, S., Garin,
N., Koskinen, S., ... Haro, J. M. (2014). Factors associ-
ated with active aging in Finland, Poland, and Spain.
International Psychogeriatrics, 26, 1363-1375. doi:10.1017/
$1041610214000520

Prentice,A. M., & Jebb,S.A.(2001). Beyond body mass index. Obesity
Reviews, 2, 141-147. d0i:10.1046/j.1467-789x.2001.00031.x

Pruchno, R. A., Wilson-Genderson, M., & Cartwright, E. (2010).
A two-factor model of successful aging. The Journals of
Gerontology, Series B: Psychological Sciences and Social
Sciences, 65, 671-679. doi:10.1093/geronb/gbq051

Pruchno, R. A., Wilson-Genderson, M., Rose, M., & Cartwright,
E (2010). Successful aging: Early influences and contemporary
characteristics. The Gerontologist, 50, 821-833. doi:10.1093/
geront/gnq041

Radloff, L. S. (1977). CES-D scale: A self-report depression scale
for research in the general population. Applied Psychological
Measurement, 1, 385-401. doi:10.1177/014662167700100306

Rockwood, K., Song, X., MacKnight, C., Bergman, H., Hogan, D. B.,
McDowell, I., & Mitnitski, A. (2005). A global clinical measure

of fitness and frailty in elderly people. CMAJ, 173, 489-495.
doi:10.1503/cmaj.050051

Rowe, J. W., & Kahn, R. L. (1987). Human aging: Usual and suc-
cessful. Science (New York, N.Y.), 237, 143-149. doi:10.1126/
science.3299702

Rowe, J. W., & Kahn, R. L. (1997). Successful aging. The
Gerontologist, 37, 433-440. doi:10.1093/geront/37.4.433

Rowe, J. W., & Kahn, R. L. (2015). Successful aging 2.0: Conceptual
expansions for the 21% century. The Journals of Gerontology,
Series B: Psychological Sciences and Social Sciences, 70, 593~
596. doi:10.1093/geronb/gbv025

Segen, J. C. (1992). The Dictionary of Modern Medicine (Dictionary
Series). New Jersey: CRC Press.

Simard, M. (1998). The mini-mental state examination: Strengths

The

Alzheimer Disease Review, 10-12. http://www.stacommunica-

and weaknesses of a clinical instrument. Canadian
tions.com/customcomm/Back-issue_pages/AD_Review/adPDFs/
december1998/10.pdf

Sowa, A., Tobiasz-Adamczyk, B., Topor-Madry, R., Poscia, A., & la
Milia, D. I. (2016). Predictors of healthy ageing: Public health
policy targets. BMC Health Services Research, 16(Suppl. 5),
289. doi:10.1186/s12913-016-1520-5

Spector, W. D., Katz, S., Murphy, J. B., & Fulton, J. P. (1987). The
hierarchical relationship between activities of daily living
and instrumental activities of daily living. Journal of Chronic
Diseases, 40, 481-489. doi:10.1016/0021-9681(87)90004-X

Stafford, M., McMunn, A., Zaninotto, P., & Nazroo, J. (2011).
Positive and negative exchanges in social relationships as pre-
dictors of depression: Evidence from the English longitudinal
study of aging. Journal of Aging and Health, 23, 607-628.
doi:10.1177/0898264310392992

Tate, R. B., Swift, A. U., & Bayomi, D. J. (2013). Older men’s lay defi-
nitions of successful aging over time: The Manitoba follow-up
study. International Journal of Aging and Human Development,
76,297-322. doi:10.2190/AG.76.4.b

Tombaugh, T. N., & Mclntyre, N. J. (1992). The mini-mental state
examination: A comprehensive review. Journal of the American
Geriatrics Society,40,922-935. d0i:10.1111/.1532-5415.1992.
tb01992.x

Tyas, S. L., Snowdon, D. A., Desrosiers, M. E, Riley, K. P., &
Markesbery, W. R. (2007). Healthy ageing in the Nun Study:
Definition and neuropathologic correlates. Age and Ageing, 36,
650-655. doi:10.1093/ageing/afm120

Tyrovolas, S., Haro, J. M., Mariolis, A., Piscopo, S., Valacchi, G.,
Tsakountakis, N., ... (2014). Successful
aging, dietary habits and health status of elderly individuals:

Panagiotakos, D.

A k-dimensional approach within the multi-national MEDIS
study. Experimental Gerontology, 60, 57-63. doi:10.1016/].
exger.2014.09.010

Wada, M., Mortenson, W. B., & Hurd Clarke, L. (2016). Older adults’
online dating profiles and successful aging. Canadian Journal on
Aging, 35,479-490. doi:10.1017/S0714980816000507

Wahl, H. W., Heyl, V., Drapaniotis, P. M., Hormann, K., Jonas, J. B.,
Plinkert, P. K., & Rohrschneider, K. (2013). Severe vision and
hearing impairment and successful aging: A multidimensional
view. The Gerontologist, 53, 950-962. doi:10.1093/geront/
gnt013

Whitley, E., Benzeval, M., & Popham, E (2016). Associations
of successful aging with socioeconomic position across the

Downl oaded from https://academ c. oup. cont geront ol ogi st/ advance-articl e-abstract/doi/10. 1093/ geront/gny029/ 4980413
by University College London Library user

on 03 May 20

18


http://www.healthmeasures.net/explore-measurement-systems/nih-toolbox
http://www.healthmeasures.net/explore-measurement-systems/nih-toolbox

The Gerontologist, 2018, Vol. 00, No. 00

17

life-course: The west of Scotland twenty-07 Prospective
Cohort Study. Journal of Aging and Health. 30, 52-74.
doi:10.1177/0898264316665208

Woods, N. E, Cochrane, B. B., LaCroix, A. Z., Seguin, R. A.,
Zaslavsky, O., Liu, J., ... Tinker, L. F. (2012). Toward a posi-
tive aging phenotype for older women: Observations from the
women’s health initiative. The Journals of Gerontology, Series
A: Biological Sciences and Medical Sciences, 67, 1191-1196.
doi:10.1093/geronalgls117

World Health Organization. (2002). Active Ageing A Policy
Framework. Retrieved March 1, 2016, from https://extranet.
who.int/agefriendlyworld/wp-content/uploads/2014/06/WHO-
Active-Ageing-Framework.pdf

World Health Organization. (2006). Basic Documents, 45th ed.,
Supplement. Retrieved March 1, 2016 from http://www.who.
int/governance/eb/who_constitution_en.pdf

World Health Organization. (2010). Measuring Health and
Disability Manual fo WHO Disability Assessment Schedule
WHODAS 2.0. In T. Ustun, N. Kostanjsek, S. Chatterji, & J.
Rehm (Eds.). Geneva, Switzerland.

World Health Organization. (2015a). WHO global strategy on peo-
ple-centred and integrated health services. Geneva, Switzerland:
WHO Press. Retrieved February 10, 2018 from http://apps.who.
int/iris/bitstream/10665/155002/1/WHO_HIS_SDS_2015.6_eng.
pdf?ua=1&ua=1

World Health Organization. (2015b). World report on ageing and
health: WHO Library Cataloguing-in-Publication Data.

Yesavage, J. A., Brink, T. L., Rose, T. L., Lum, O., Huang, V.,
Adey, M., & Leirer, V. O. (1982). Development and vali-
dation of a geriatric depression screening scale: A pre-
liminary report. Journal of Psychiatric Research, 17,

37-49. doi:10.1016/0022-3956(82)90033-4

Downl oaded from https://academ c. oup. cont geront ol ogi st/ advance-articl e-abstract/doi/10. 1093/ geront/gny029/ 4980413
by University College London Library user

on 03 May 20

18


https://extranet.who.int/agefriendlyworld/wp-content/uploads/2014/06/WHO-Active-Ageing-Framework.pdf﻿
https://extranet.who.int/agefriendlyworld/wp-content/uploads/2014/06/WHO-Active-Ageing-Framework.pdf﻿
https://extranet.who.int/agefriendlyworld/wp-content/uploads/2014/06/WHO-Active-Ageing-Framework.pdf﻿
http://www.who.int/governance/eb/who_constitution_en.pdf
http://www.who.int/governance/eb/who_constitution_en.pdf
http://apps.who.int/iris/bitstream/10665/155002/1/WHO_HIS_SDS_2015.6_eng.pdf?ua=1&ua=1
http://apps.who.int/iris/bitstream/10665/155002/1/WHO_HIS_SDS_2015.6_eng.pdf?ua=1&ua=1
http://apps.who.int/iris/bitstream/10665/155002/1/WHO_HIS_SDS_2015.6_eng.pdf?ua=1&ua=1

