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A B S T R A C T

Background: Knowledge of how intrinsic capacity (IC) and neighbourhood physical environment shape func-
tional ability (FA) trajectories in later life remains understudied. We investigated four-year trajectories of IC
and their impact on FA trajectories and the association between neighbourhood physical environment and
FA trajectories among community-dwelling older adults in Hong Kong, China.
Methods: We conducted a four-wave longitudinal study from 2014 to 2017 in Hong Kong with 2,081 adults
aged 65 and above. FA was assessed by The Chinese Lawton Instrumental Activities of Daily Living Scale. We
used cognition, affect, locomotion, sensory capacity, and vitality to capture the multiple domains of IC. Neigh-
bourhood physical environment attributes included green space, land use diversity, and availability of facili-
ties, assessed within 200- and 500-meter buffers of respondents’ homes. We used the parallel process of
latent growth curve model.
Findings: IC (Unstandardized coefficient, b =�0.02, p<0.001) and FA (b =�0.20, p<0.001) each decreased sig-
nificantly over time. Individuals with declines in IC experienced a faster decline in FA over time. Green space
within a 200-meter buffer (b = 1.15, p = 0.023), the number of leisure (b = 0.03, p = .0.043) and public trans-
port (b = 0.08, p = .0.003) facilities within a 500-meter buffer slowed the rate of FA decline.
Interpretation: The level of FA decreased over time in later life. Changes in IC shaped FA trajectories. Increased
residential green space and the number of leisure and public transport facilities in the neighbourhood may
help slow FA decline over time.
Funding: The Hong Kong Housing Society.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

Maintaining functional ability (FA) in later life is a longstanding
public health policy goal. Worldwide, the prevalence of disability in
old age, defined as functional limitations in instrumental activity of
daily living, ranges from 5.7% to 21.7% [1], and incurs substantial costs
to healthcare systems [3]. To provide a framework for action in public
health, the World Health Organization (WHO) declared a Decade of
Healthy Ageing (2020�2030) to reframe older people’s health as a
trajectory of FA rather than from a disability-based perspective [2].
FA is defined as all the health-related attributes that enable people to
be and to do what they have reason to value [2]. The most essential
FA for older adults is their ability to live independently in their com-
munity [3].

Instead of merely studying the onset of functional limitations,
recent research has increasingly recognised the importance of
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Research in context

Evidence before this study

We searched Scopus, Web of Science, PubMed, ProQuest and
PsycINFO for journal articles investigating the association
between neighbourhood physical environment and functional
ability, published up to 1 April 2021, without restrictions on
language. We used three sets of keywords, “neighbourhood
environment”, “functional ability”, and “older adults”, including
possible variations of the terms and their synonyms. We identi-
fied two cohort and six cross-sectional studies, none of which
included much information on the impact of neighbourhood
physical environment on the continuous trajectory of func-
tional ability. In particular, none of the studies incorporated the
World Health Organizations (WHO) Healthy Ageing framework
or the new concept of intrinsic capacity (IC) to examine the
relationship between neighbourhood physical environment, IC
and functional ability (FA).

Added value of this study

Our study is the first to apply confirmatory factor analysis (CFA)
and the WHO’s multi-domain concept of IC to generate a com-
posite IC score to test the Healthy Ageing framework. We used
the continuous trajectory of functional ability as the outcome
variable. We innovatively applied parallel latent growth curve
modelling to estimate the relationships between the growth
factors of IC and FA, and explored how changes of IC and neigh-
bourhood physical environment jointly shape the trajectory of
FA.

Implications of all the available evidence

Our findings suggest that the decline in IC was associated with a
faster decline in FA among older adults, and neighbourhood
physical environment attributes were associated with changes
in FA over time. In particular, green space within a 200-meter
buffer and the availability of leisure facilities and public trans-
port with a 500-meter buffer attenuated downward trends in
FA. We recommend that the development of age-friendly city
initiatives should emphasize the provision of more residential
green space and enhance the availability of leisure and public
transport facilities in the community.
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understanding FA trajectories, because the change of FA can differ
between individuals before and after the onset of functional limita-
tions, as ageing is an ongoing and heterogeneous process [4]. Thus,
investigating FA trajectories can provide more information on dis-
tinct subgroups in the ageing population to support public health pol-
icy development. Additionally, a close examination of FA trajectories
can reveal valuable information on which factors affect the stability
or accumulative loss in FA, contributing to more targeted prevention
strategies.

One key factor affecting FA trajectories is intrinsic capacity (IC),
defined as the composite of an individual’s total underlying physical
and mental capacities [3]. IC is a multidimensional construct repre-
senting the number of underlying competencies that an individual
can tap to support their FA [5]. Previous studies have shown that
each separate IC component is a predictor of adverse health events in
later life [5]. However, these studies have focused on a single compo-
nent of IC. Indeed, IC can be constructed as a composite of five
domains of underlying physical and mental capacities: cognition,
affect (e.g., depression), sensory function (e.g., hearing and vision),
vitality (e.g., frailty), and locomotion (e.g., handgrip strength) [6], and
should be considered simultaneously to provide a holistic profile of
an individual’s health status [6]. Although two recent studies moved
from constructing the concept of IC to its validation and testing its
impact on the prevalence rate of functional limitation over time [6,7],
neither tested how changes in IC shape the FA trajectory.

Older adults’ FA can also be influenced by their immediate physi-
cal neighbourhood environment. The ecological model of ageing pos-
its that older adults, particularly the oldest old and the most frail,
tend to rely more on their neighbourhood physical environment for
daily activities because their life activity space shrinks, and some are
faced with various levels of mobility loss [8]. Neighbourhood physical
environment can act as either a barrier or facilitator for older adults
to age well. Lawton and Nahemow posited that unique combinations
of personal competence (e.g., sensory loss, cognitive decline) and
environmental features (e.g., the availability of facilities) can help
lead to optimal functioning of older individuals, termed person-envi-
ronment fit, or unfit [9].

Three important dimensions of neighbourhood physical environ-
ment may affect older adults’ FA, design (e.g., residential green space),
diversity (e.g., land-use patterns), and destination (e.g., the availability
of facilities) [10,11]. Green space has been recognised as an important
setting for physical activities, a key factor enabling older adults to
keep healthy [14]. Similarly, a neighbourhood characterised by
diverse land use may offer more non-residential destinations for
walking and reduce the risk of chronic disease [12]. Also, the avail-
ability of neighbourhood facilities, such as shops and public transpor-
tation, may facilitate more daily activities and transport-related
journeys that may lower the risk of dependency among older adults
[13,14]. Some existing research has found that older adults living in
neighbourhoods with high residential green space, a high proportion
of commercial and intermediate mixed land use, experience lower
incidence of functional disability [14,15].

Although increasing attention has been paid to these three neigh-
bourhood physical environment attributes, their importance in influ-
encing FA trajectories in late life remains insufficiently recognised.
Most existing research has been cross-sectional [13,16-20], and only
two studies explored the longitudinal associations between neigh-
bourhood physical environment and FA [14,15]. The latter studies
were also limited by focusing on state transition (e.g., from no to one
or more functional limitations), thus suppressing valuable informa-
tion on FA trajectories preceding and occurring after these losses [2].

To address these gaps, the present study investigated how
changes of IC and neighbourhood physical environment impact FA
trajectories of older people, drawing on data from a four-wave longi-
tudinal study conducted in public housing estates in Hong Kong.
Hong Kong is characterised by compact, high-rise/high-density
dwellings and mixed land use, presenting unique environmental fea-
tures that may influence the FA trajectories of older adults [21]. Addi-
tionally, around 45% of older adults in Hong Kong live in poverty and
55.9% live in government-subsidised housing; most older residents
have lived in public rental housing for more than 30 years [22-24].
Since low-income people rely more on their neighbourhood environ-
ment than those who are better off [25], studying older public rental
housing residents presents an opportunity to explore the long-term
effect of neighbourhood physical environment on FA. We proposed
two research questions: (1) how do changes of IC influence the FA
trajectory among low-income older people? (2) How do residential
green space, land use mix, and the number of neighbourhood facili-
ties influence the FA trajectory among low-income older people?

2. Methods

2.1. Study design and respondents

We conducted a cohort study between 2014 and 2017. Respond-
ents were older adults aged 65 years and above, living in 12 public
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rental estates for low-income residents. Age-stratification random
sampling was used to recruit respondents in three age strata (65�74
years, 75�84 years, 85 years and older), with target sample sizes for
these groups of 50, 60, and 70, respectively, a total of 180 per estate.
There was intentional over-sampling of the old-old (75�84 years)
and oldest-old (85 years and older) age groups to take account of
their higher attrition rates during a longitudinal study. Interviews
were conducted during home visits by trained researchers. The pro-
cess of data collection at each wave is illustrated in Supplementary
Figure 1. Only data collected in 2014, 2015 and 2017 were used
because the mechanical failure of one of the handheld dynamometers
compromised the accuracy of handgrip strength data collected in
2016.

2.2. Ethical approval statement

The study was approved by the Human Research Ethics Commit-
tee of the University of Hong Kong (Reference Number: EA050814 &
EA1610004). All respondents provided advanced written informed
consent.

2.3. Measurements

2.3.1. Functional ability (FA)
FA was measured by The Chinese Lawton Instrumental Activities

of Daily Living Scale (IADL), which has been validated in Hong Kong
[26]. IADL comprises nine self-care items necessary for independent
community living. The possible responses include: “not capable of
doing it” (0), “need some help doing it” (1), and “fully capable of
doing it and require no help to do it” (2). IADL scores range from 0 to
18, with a higher score indicating better FA. The Cronbach’s alpha of
this sample was 0.89.

2.3.2. Intrinsic capacity (IC)
We used the following measurements to capture the multiple

domains of IC. Cognition was measured by the Cantonese Chinese
Montreal Cognitive Assessment Version [27], comprising six cogni-
tive domains of executive functions: attention, memory, orientation,
abstraction and language [28]. Affect was measured by a validated
Chinese version of the 15-item Geriatric Depression Scale [29]. Vital-
ity was measured by the FRAIL Scale, comprising five components:
fatigue, resistance, ambulation, illness, and weight loss, with the
overall score ranging from 0 (“best”) � 5 (“worst”) [30]. Sensory
capacity was measured by two single-item questions about respond-
ents’ vision and hearing. The possible responses were “normal” (1),
“minimal to moderate difficulty” (2), and “severe difficulty or no
vision/hearing” (3). Locomotion was assessed by the handgrip
strength and the steadiness [31]. We used a handheld dynamometer
JAMAR Plus+Digital 563213 to test respondents’ handgrip strength
(kg) [32]. Three values were recorded for each hand, and the average
(mean) of three measures for each hand was used in the analysis.
Steadiness was measured by a single-item self-report question
inquiring whether respondents felt unsteady when walking and
turning [33], with available responses of “moderate to severe
unsteadiness” (0), “very little/minimal unsteadiness” (1), and “no
unsteadiness” (2).

2.3.3. Environmental variables
We geocoded respondents’ residential addresses and employed

spatial buffering analysis to create the road-network-based service
area buffers adjusted by terrain and slope from respondents’
addresses to define the scope of their neighbourhoods. A road-net-
work-based service area buffer encompasses all accessible streets
tracing a given distance from a home address, as applied in previous
studies [34]. ArcGIS 10.5 was used to perform geocoded and spatial
buffering analysis. All neighbourhood physical environment
measures were derived using a satellite image and ib1000 datasets
provided by the Hong Kong government’s Lands Department. The
500- and 200-meter buffers were created to extract neighbourhood
physical environment variables. The 500-meter buffer is regarded as
the maximum comfortable walking distance between home and
essential public services for older people [35], while 200 meter repre-
sents a short walking distance, the most immediate surrounding for
older adults with functional limitations.

Green space was calculated by the percentage of natural greenery
cover within the two selected buffers based on the Google Earth
Engine [36].

Land use diversitywas measured by entropy land use mix based on
the evenness of distribution of five land-use types: residential areas,
commercial/industrial buildings, institutions, open space, and others,
within observed areas [37]. Values ranged from near 0, reflecting a
single-use environment, to near 1, reflecting maximal mixed usage.

Availability of facilities. The availability of facilities was calculated
by the number of each type of facility within the two buffers using
Hong Kong’s GeoCommunity 3.0 Database. Five types of facility were
included. Commercial facilities refer to supermarkets, shopping
centres, markets, bazaars, and convenience stores. Community facili-
ties refer to community centres, welfare centres and family service
centres. Leisure facilities refer to parks, pavilions and minor open
spaces. Public transportation refers to bus stops and railway stations.
Healthcare facilities refer to clinics and hospitals.

2.3.4. Individual-level covariates
Control variables included age, sex, marital status, education, and

the self-reported number of chronic diseases.

2.4. Statistical analysis

Descriptive analysis was conducted using Stata 15.1 software and
modelling analysis using Mplus 8.3 software.

To answer the first research question, we performed a 2-step data
analysis. First, we conducted confirmatory factor analysis (CFA) and
generated a composite IC score for each study year. CFA is a statistical
technique used to investigate causal relationships among latent and
observed variables in a priori specified, theory-derived models [38].
Three separate CFAs were conducted to examine whether the data
fitted the theoretically hypothesised one-factor model of IC for each
study year. The omega coefficient (v), defined as an estimate of the
proportion of variance in the unit-weighted total score attributable
to all sources of common variance, was calculated to understand the
reliability of latent IC for each year [39]. A factor score for latent IC
was generated from CFA by fixing the latent mean to 0 for each year,
as suggested by previous research [7]. A factor score for IC was a lin-
ear combination of all the sub-domain measures of IC, weighted by
the corresponding factor loading [40], which was used in subsequent
analyses.

Second, we performed a parallel process of latent growth curve
modelling with a stepwise approach [41]. Latent growth curve
modelling is a method for modelling repeated measures as latent var-
iables composed of a random intercept and random slope(s) that per-
mit individual cases to have unique trajectories of change over time
[42]. Intercept refers to the initial IC/FA status of the sample, while
slope represents the change rate of IC/FA. The parallel process of
latent growth curve modelling estimates the parameters of the
growth factors (intercepts and slopes) of IC and FA and the relation-
ship between the IC and FA growth factors. Thus, it was appropriate
in this study [41]. We conducted two separate unconditional latent
growth curve modelling to estimate the baseline (latent intercept)
and change (latent slope) of IC and FA over time. We then added all
covariates to the parallel process of latent growth curve modelling to
examine the association between the change of IC and the FA trajec-
tory. This model is graphically presented in Fig. 1.



Table 1
Baseline characteristics of respondents.

Individual-level variables (N = 2,081) Mean (S.D.) / N (%)

Age, years (range = 65�101) 79.64 (7.97)
Women 1,162 (55.84%)
Education level
No formal education 995 (47.88%)
Primary 636 (30.61%)
Secondary 406 (19.54%)
Post-secondary 41 (1.97%)
Missing 3 (0.14%)

Marital status
Married 1,234 (59.53%)
Divorced/Widowed/Single 839 (40.47%)
Missing 8 (0.38%)

Number of chronic diseases
None 282 (13.55%)
One 447 (21.48%)
Two and more 1,352 (64.97%)

Built environment characteristics within 500- and 200- meter buffers of respondents' home Mean (S.D.)

500-meter buffer The percentage of green space (range = 0.06�0.57) 0.27 (0.15)
Land use mix (range = 0.06�0.57) 0.69 (0.08)
Commercial facility (range = 1�25) 9.66 (6.10)
Community facility (range = 1�5) 2.59 (1.28)
Leisure facility (range = 2�16) 7.04 (3.65)
Transportation (range = 0�9) 2.67 (2.29)
Healthcare facility (range = 0�5) 1.95 (1.91)

200-meter buffer The percentage of green space (range = 0.01�0.37) 0.17 (0.10)
Land use mix (range = 0.24�0.98) 0.71 (0.17)
Commercial facility (range = 0�6) 1.54 (1.45)
Community facility (range = 0�3) 0.50 (0.71)
Leisure facility (range = 0�7) 1.35 (1.54)
Transportation (range = 0�4) 0.41 (0.77)
Healthcare facility (range = 0�5) 0.37 (0.95)

Notes: S.D. = standard deviation.
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To answer the second research question, we added neighbour-
hood physical environment variables as predictors for latent inter-
cept and slope of FA in the parallel process of latent growth curve
modelling.

We conducted missing-data analysis using Little’s test with the
command mcartest in Stata 15.1 software [43]. We first tested
whether the data were missing completely at random, however, the
results did not support the missing completely at random pattern.
Then, we tested covariate-dependent missingness and found that
data were missing at random (x2 distance = 472.87, df = 472,
p = 0.48). The available data on each variable are shown in Supple-
mentary Table 1. Given the missing at random pattern, we ran CFA
and models using a maximum likelihood estimation algorithm. The
model fits the data well if it satisfies most of following criteria: x2
statistic >0.05, comparative fit index and Tucker-Lewis Index >0.90,
the root-mean-square error of approximation <0.06, and a standar-
dised root-mean-square residual <0.08 [44]. Estimates with a p-value
of < 0.05 were interpreted as statistically significant.

2.5. Role of the funding source

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the report. TL
had access to the full dataset and decide to submit the manuscript for
publication.

3. Results

As Table 1 shows, the average age of the 2,081 respondents at
baseline was 79.64 years (Standard Deviation, SD = 7.97), and 55.84%
were women. Almost half (47.88%) had no formal education, and
59.53% were married. More than half (64.97%) reported two and
more chronic diseases. In a 500-meter buffer, the average percentage
of green space was 27% (SD=0.15), and the land use mix was 0.69
(SD=0.08). On average, commercial facilities comprised the greatest
number of facilities (9.66, SD=6.10) and healthcare facilities the least
(1.95, SD=1.91). Similar patterns of neighbourhood physical environ-
ment were found within a 200-meter buffer.

As Table 2 illustrates, all cognitive functions except attention sig-
nificantly differed over time. The depression scores decreased over
time. The level of steadiness, frailty and handgrip strength also dif-
fered significantly from 2014 to 2017. No difference over time was
found for sensory impairment. The IADL scores also decreased over
time.

We conducted CFA for the IC subdomains. Most items loaded well
(�0.3) over time. The models fit the data well. These findings support
the structural validity of IC as one general factor. The v values for
latent IC all reached significance, indicating that 75%, 72%, and 81% of
the variance of the five subdomains can be attributed to the general
IC scores in the three study years respectively, and suggesting that
the total latent IC scores were sufficiently reliable measures of gen-
eral factors (See Supplementary Table 2).

As shown in Table 3, two separate unconditional latent growth
curve models were applied to capture the change of IC and FA over
time. Model fits were good. On average, IC in our sample decreased
significantly over the 4-year study period (b = �0.02, p<0.001), and
older adults had different initial status (b = 0.18, p<0.001) and
change rates in IC (b = 0.04, p<0.001). The intercept of IC was nega-
tively associated with its slope (b = �0.04, p<0.001), revealing that
respondents having higher initial IC tended to experience a steeper
decline in IC over time. The mean initial FA score was 14.88. FA
decreased significantly among all respondents over the 4-year study



Table 2
Change of subdomains of intrinsic capacity and functional ability among older adults over time.

Dimension 2014 2015 2017 Test for difference between means from 2014 to 2017

Mean (S.D.) Mean (S.D.) Mean (S.D.) F p

Intrinsic capacities
Cognition Executive 2.72 (1.33) 2.91 (1.39) 2.8 (1.28) 10.73 <0.001

Attention 4.46 (1.57) 4.56 (1.53) 4.52 (1.52) 2.57 0.08
Memory 2.16 (1.94) 2.31 (1.86) 2.52 (1.89) 17.61 <0.001
Orientation 5.47 (0.95) 5.37 (1.05) 5.22 (1.29) 28.17 <0.001
Abstraction 1.06 (0.87) 1.07 (0.85) 0.89 (0.85) 26.03 <0.001
Language 3.52 (1.59) 3.68 (1.62) 3.57 (1.62) 5.98 <0.001

Affect Depression 2.7 (3.17) 2.45 (3.12) 1.88 (2.90) 32.87 <0.001
Vitality Frailty 0.80 (1.04) 0.86 (1.06) 0.94 (1.11) 7.83 <0.001
Sensory Vision impairment 1.34 (0.50) 1.26 (0.48) 1.26 (0.50) 12.88 0.25

Hearing impairment 1.25 (0.48) 1.24 (0.47) 1.26 (0.53) 1.39 0.25
Locomotor Steadiness 1.56 (0.63) 1.61 (0.60) 1.54 (0.66) 5.32 0.01

Hand grip strength 37.12 (16.14) 39.07 (14.96) 39.64 (15.13) 30.84 <0.001
Functional ability
IADL 15.60 (3.40) 15.51 (3.63) 15.15 (4.11) 14.43 <0.001

Notes: SD = standard deviation. IADL = Instrumental activities of daily living, with higher scores indicating better functional ability. Repeated meas-
ures ANOVA for the tests for the difference between means from 2014 to 2017. Six domains of cognition were measured by a Cantonese Chinese Mon-
treal Cognitive Assessment Version, with higher scores indicating better cognition function; Depression was measured by 15-item Geriatric
Depression Scale, with scores ranging from 0 to 15, with higher scores indicating more depressive symptom. The steadiness when walking was mea-
sured by a single-item self-report question that whether participants feel unsteady or at risk of losing their balance when walking and turning
(range = 0�2), with higher scores indicating less unsteadiness. The frailty was measured by FRAIL scale (range = 0�5), with higher scores indicating
more frailty. Vision and hearing were measured by two single-item questions about participants’ vision and hearing (range = 1�3), with higher scores
indicating more impairment. The higher scores for handgrip strength indicates better conditions.

Table 3
Two separate unconditional latent growth curve modelling.

LGCM for Intrinsic Capacity LGCM for Functional Ability

Estimate S.E. p Estimate S.E. p

Means
Intercept 0.001 0.01 0.902 14.88 0.09 <0.001
Slope �0.02 0.01 <0.001 �0.20 0.04 <0.001

Variances
Intercept 0.18 0.01 <0.001 13.45 0.75 <0.001
Slope 0.04 0.00 <0.001 0.26 0.34 0.447

Covariance
Intercept-Slope �0.04 0.01 <0.001 0.57 0.43 0.181
x2 1.22 <0.001 0.76 >0.05
RMSEA 0.010 0.000
CFI 1.000 1.000
TLI 1.000 1.000
SRMR 0.006 0.005

Notes: Estimate = unstandardized coefficient; S.E. = standard error; RMSEA: Root-
mean-square error of approximation; CFI = Comparative fit index; TLI = Tucker-Lewis
Index; SRMR: Standardized root-mean-square residual.
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period (b = �0.20, p<0.001). Older adults had the various initial sta-
tus of FA (b = 13.45, p<0.001) and experienced no significant differ-
ence in the change rates of FA (b = 0.26, p = 0.447).

We conducted a parallel process of latent growth curve modelling
to estimate the longitudinal associations between IC and FA over
time, controlling five time-invariant covariates: age, sex, education,
marital status, and the number of chronic diseases. The models fit the
data well. As shown in Fig. 1, at baseline a higher IC was associated
with higher FA (b = 8.42, p<0.001) and less decline in FA over time
(b = 0.49, p<0.05). Declines in IC scores were related to the faster
decrease in FA over time (b = 10.16, p<0.001). The coefficients of
covariates on the intercepts and slopes of IC/FA are presented in
Fig. 1. The negative coefficient of predictors coupled with a negative
slope indicates that higher values on covariates are related to steeper
decline or more decline over time. Age was associated with lower IC
scores (b = �0.02, p<0.001) and FA (b = �0.05, p<0.001) at baseline,
more decline in IC scores over time (b = �0.002, p<0.01), but not sig-
nificantly related to the change rate of FA (b = �0.002, p>0.05).
Women had lower IC scores than men (b =�0.18, p<0.001), but there
was no sex difference in FA at baseline, or in change rates of IC scores
or FA over time. At baseline, individuals with more education had
higher IC scores (b = 0.03, p<0.01), but lower FA than less educated
individuals (b = �0.21, p<0.05). Older adults with more chronic dis-
eases had lower IC scores (b = �1.12, p<0.001), but higher FA
(b = 0.48, p<0.001) at baseline, and less decline in IC scores over time
(b = 0.02, p<0.01).

Based on the results shown in Fig. 1, the intercept and slope of FA
were further regressed on neighbourhood physical environment
within 500- and 200-meter buffers, respectively. The models fit the
data well. As Table 4 indicates, the percentage of green space within
a 200-meter buffer was only significantly associated with less decline
in FA over time (b = 1.15, p = 0.023), although this pattern was not
found in a 500-meter buffer. No significant associations between
land use diversity and the intercept and slope of FA were found. The
number of commercial facilities within a 500-meter buffer was only
significantly related to a faster decline in FA over time (b = �0.04,
p = 0.004); the number of community centres within a 500-meter
buffer was only significantly associated with lower FA at baseline
(b = �0.18, p = 0.036); the number of leisure (b = 0.03, p = 0.043) and
public transport facilities (b = 0.08, p = 0.003) within a 500-meter
buffer were both significantly related to attenuated decline rate of FA
over time. The number of healthcare facilities within both buffers



Fig. 1. Graphical representation of the parallel process of latent growth curve modelling to estimate baseline and change of IC and FA over time. IC=Intrinsic Capacity; FA=Functional
ability; IADL= Instrumental Activities of Daily Living; only statistically significant paths are shown (unstandardised estimates) and standard error are displayed in parentheses.
Model fit: x2 = 258.57, df = 18, Root mean square error of approximation (RMSEA) = 0.080, Comparative fit index (CFI) = 0.963, Tucker-Lewis Index (TLI) = 0.907, Standardized root-
mean-square residual (SRMR) = 0.032 *** p < 0.001; ** p < 0.01; * p < 0.05.
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was significantly associated with high FA at baseline (500-meter
buffer: b = 0.17, p = 0.021; 200-meter buffer: b = 0.15, p = 0.008).
Overall, neighbourhood physical environment within a 500-meter
buffer showed stronger associations with FA both at baseline and
over time than within a 200-meter buffer.

4. Discussion

To our knowledge, this is the first study to investigate how
changes of IC over time and neighbourhood physical environment
influence the trajectories of older adults’ FA, and thus provide longi-
tudinal empirical evidence for the WHO Healthy Ageing framework.

We found that the trajectory of IC was heterogeneous among
older adults, providing an opportunity to identify vulnerable older
adults over time. Beard and colleagues found that lower IC scores
were significantly associated with increasing age, female sex, low
education, and chronic diseases [7]. Ma et al. found that age, low edu-
cation, unmarried status and low income, less exercise were indepen-
dently associated with a decline in any of the five domains of IC
among older adults [45]. Similarly, we identified that being older,
female and less educated, and having more chronic diseases were
associated with lower IC at baseline. However, our study goes beyond
Ma et al. [45] and advances the literature by identifying that IC as a
whole decreased over time, and its trajectory varied among individu-
als; older individuals experienced faster IC decline than their younger
counterparts, and older adults with more chronic diseases had lower
IC at baseline, but also less decline in IC over time. This is either
because they are already at a low level of IC, the possibility for further
IC decline is limited, or that older adults suffering from chronic dis-
eases utilise more healthcare resources to maintain their health sta-
tus. Overall, our findings related to IC decline can inform
policymakers of the importance of early detection and prevention of
IC decline among older adults.

Using a theoretical-based score of IC, we further found that a
higher initial IC status was associated with higher FA at baseline and
predicted less decline in FA over time after controlling for covariates.
We also found that a faster decrease in IC led to a faster decrease in
FA over time. We extend existing research, most of which utilised
information from each individual IC domain to establish associations
with FA [31]. For example, previous research found that most of the
five IC domains were separately associated with 3-year mortality and
falls among nursing home residents, but when adding all the domains
into the same model, only locomotion and vitality predicted death
and falls among nursing home residents [6]. In other words, each



Table 4
Longitudinal associations between intrinsic capacities (IC), neighbourhood physical environments and functional ability (FA) of older adults: Latent growth curve models.

Model 1 (within a 200-meter buffer area) Model 2 (within a 500-meter buffer area)

Intercept of FA Slope of FA Intercept of FA Slope of FA

b 95% CI p b 95% CI p b 95% CI p b 95% CI p

Variables
Intercept of IC 8.33 (7.82, 8.84) <0.001 0.29 (0.03, 0.56) 0.072 8.31 (7.80, 8.81) <0.001 0.33 (0.06, 0.59) 0.042
Slope of IC 9.08 (7.21, 10.96) <0.001 8.91 (7.08, 10.75) <0.001

EN
Green Space% �0.31 (�1.75, 1.12) 0.720 1.15 (0.32, 1.99) 0.023 0.74 (�0.25, 1.74) 0.218 �0.39 (�0.95, 0.18) 0.259
Land use mix �0.30 (�1.07, 0.47) 0.515 �0.08 (�0.53, 0.36) 0.765 �1.02 (�2.84, 0.81) 0.360 �0.42 (�1.47, 0.62) 0.508
# of commercial facilities �0.12 (�0.23, �0.01) 0.072 0.04 (�0.02, 0.11) 0.272 0.001 (�0.04, 0.03) 0.872 �0.04 (�0.06, �0.02) 0.004
# of community centres �0.01 (�0.19, 0.17) 0.938 0.01 (�0.09, 0.12) 0.843 �0.18 (�0.32, �0.04) 0.036 0.01 (�0.08, 0.09) 0.910
# of leisure facilities �0.01 (�0.09, 0.07) 0.804 0.00 (�0.05, 0.05) 0.999 0.01 (�0.04, 0.06) 0.677 0.03 (0.01, 0.06) 0.043
# of public transport
facilities

�0.08 (�0.28, 0.12) 0.515 0.01 (�0.11, 0.13) 0.924 �0.01 (�0.09, 0.07) 0.891 0.08 (0.04, 0.13) 0.003

# of health care
facilities

0.17 (0.05, 0.29) 0.021 �0.07 (�0.14, 0) 0.092 0.15 (0.06, 0.25) 0.008 �0.02 (�0.08, 0.04) 0.547

Mean of intercept 19.26 (17.77, 20.74) <0.001 19.47 (17.32, 21.63) <0.001
Mean of slope �0.14 (�0.49, 0.22) 0.520 0.37 (�0.57, 1.32) 0.517
Residual of intercept 3.97 (3.16, 4.79) <0.001 3.93 (3.12, 4.74) <0.001
Residual of slope �0.43 (�0.89, 0.02) 0.118 �0.44 (�0.89, 0.01) 0.107
N 2,078 2,078
Chi-Square (df) 311.165 (51) <0.001 360.049 (51) <0.001
RMSEA 0.050 0.054
CFI 0.960 0.953
TLI 0.937 0.926
SRMR 0.025 0.027

Notes: b = unstandardized coefficient; CI = Confident Intervals; # = number; RMSEA = Root-mean-square error of approximation; CFI = Comparative fit index; TLI = Tucker-Lewis Index;
SRMR = Standardized root-mean-square residual.

S. Lu et al. / EClinicalMedicine 36 (2021) 100927 7
domain closely interacts with each other, and without an appropriate
statistical approach, important information on the holistic impact of
IC on FA trajectories may be omitted. As the concept of IC and its
operationalisation remain in their infancy, our study can provide a
groundwork for future studies to investigate the impact of IC trajec-
tory on FA from the life course perspective and how accumulative
loss in IC leads to adverse health outcomes during catastrophic
events such as COVID-19.

We provide the first evidence that neighbourhood physical envi-
ronment was associated with FA trajectories in later life, lending sup-
port to the ecological model of ageing. We found that green space
within a 200-meter buffer was significantly associated with less
decline in FA over time, although no association was found at base-
line, in contrast to the findings from previous cross-sectional studies
[16,17]. Our results refine that the protective effects of neighbour-
hood green space against the decline of FA only exist in geographic
proximity [15]. Previous research found that neighbourhood green-
ery is associated with increased walking and total walking time and
protects against a decline in physical activities in later life [46,47].
Therefore, it is possible that neighbourhood green space may encour-
age physical activities and leisure walking, thus helping slow the
decline of FA over time. Future studies can further examine the longi-
tudinal mediating effects of walking behaviour on the relationship
between green space and FA.

We found that the number of commercial, leisure and public
transportation facilities were associated with FA trajectories. The
number of commercial facilities within a 500-meter buffer was signif-
icantly related to a faster decline in FA over time, while no significant
association was found within a 200-meter buffer. Our findings con-
flict with previous research reporting the protective effects of more
commercial facilities in neighbourhoods on lower odds of functional
limitation [14].

Perhaps a single location for groceries and shopping malls may be
enough to cater for older residents’ daily needs. More commercial
facilities, however, may generate additional traffic and noise, discour-
aging older adults from performing activities of daily living in the
long run as previous research has pointed out that long-term
exposure to noise, especially traffic/transportation noise, may cause
dissatisfaction, exhaustion and older people’s withdrawal from daily
activities [48]. As the variation in the number of commercial facilities
within a 200-meter buffer was small, a similar effect to that found in
a 500-meter buffer may not be detected in a 200-meter buffer. The
associations between commercial facilities and FA trajectories
require further study.

The number of leisure and public transportation facilities within a
500-meter buffer was significantly associated with less FA decline
over time, although there were no effects on FA at baseline. Prior lit-
erature has found that the presence of public transportation facili-
tates social, leisure, and work role activities, and instrumental
activities of daily living [17], and the availability of neighbourhood
facilities facilitates older adults to social activities [49]. As such, more
leisure and public transport facilities may help older adults better
maintain an active lifestyle, such as undertaking more leisure, physi-
cal and social activities and travelling, further improving their health
and FA. The significant effects of service facilities on the change and
initial status of FA were found more within a 500-meter buffer, indi-
cating that a 500-meter buffer may better capture older adults’ daily
activity space.

The number of community centres within a 500-meter buffer was
only significantly associated with lower FA at baseline, but no associ-
ation was found with change in FA. In Hong Kong, the government
began to promote the concept of “ageing-in-place”with implementa-
tion of the Ten-year Housing Program (1997�2006) to satisfy resi-
dents’ life cycle requirements [50]. Planning for building community
centres in public housing developments may consider ageing popula-
tion trends and the potential need for social activities [13]. Thus,
community centres may be well-placed to cater for population ageing
[51]. As we did not investigate the patterns of older adults’ usage of
community centres, the underlying mechanism of community
centres’ impact on the trajectory of FA requires further investigation.

We found that the number of healthcare facilities within both
buffer areas was significantly associated with high FA at baseline. The
availability of healthcare facilities is potentially associated with
higher preventive healthcare utilisation and chronic disease
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management among older adults. Previous research suggests that
adequate access to medical services significantly improves older
adults’ physical functioning [52].

Our study has several strengths. It is the first to estimate IC trajec-
tories over time among older adults using the WHO’s multi-domain
concept and factor scores to represent the underlying latent trait of
interest. Hence, our use of a theoretical-based score in all analyses to
test the unique contribution of changes of IC in maintaining FA over
time advanced existing research, which had only captured the impact
of a single domain of IC. Our study is the first to reveal how neigh-
bourhood physical environment is associated with the decline or the
maintenance of FA among older adults, advancing existing literature
that only focused on the onset of functional limitations. Thus, we pro-
vided empirical evidence of the WHO Healthy Ageing approach and
can inform health policy planning. Finally, we used the parallel pro-
cesses of latent growth curve modelling incorporating longitudinal
data to avoid the methodological problems associated with cross-sec-
tional data.

However, our study also has some limitations. First, our findings
were based on older adults with low socioeconomic status living in
public rental housing, so are not generalisable to other populations
or to other developed cities with different modes of public housing.
Future research should use a national population sample to validate
our findings. Second, we focused on IADL to measure FA, ignoring
other components of FA, such as social relationship building [3].
Therefore, our results may only apply to the ability of older adults to
live independently in the community. Future studies should use mul-
tiple measurements to capture the comprehensive picture of FA
among older adults. Third, we had longitudinal data for four years
only, which are insufficient to capture the complexity of FA trajecto-
ries. Future studies should expand the observation time-frame and
apply the life course perspective to examine the longitudinal rela-
tionship between neighbourhood physical environment and FA.
Fourth, we did not have information on indoor or outdoor accessibil-
ity of the apartments and buildings in which residents lived, con-
founding the relationship between neighbourhood physical
environment and FA found in our study. It would be difficult for resi-
dents to access the neighbourhood environment and destinations if
their apartments or buildings had low indoor or outdoor accessibility
[53]. Future studies should consider indoor and outdoor accessibility
to provide enhanced scientific evidence.

In the Decade of Healthy Ageing, the maintenance of FA should be
the top priority in the public health policy agenda. Our study highlights
the importance of developing strategies to maintain IC among older
adults. In addition, our study provides directions for developing WHO
age-friendly city initiatives in the domains of outdoor space and build-
ings, transportation, community support and health services. It is
imperative to create a supportive neighbourhood environment for
older adults by increasing residential green space and the availability
of leisure and public transport facilities in the community.
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