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Abstract

Background: Physical function decline is a major public health concern and can predict later mortality. This study aims to examine the
sociodemographic factors associated with physical function decline among U.S. Chinese older adults through a longitudinal population-based
study.

Methods: Data were derived from the Population Study of Chinese Elderly (PINE) at two time points: 2011-2013 and 2013-2015. Physical
function was measured by observed physical performance testing, including chair stand, tandem stand, and timed walk. Mixed-effect models
were used to analyze the demographic risk factors associated with physical function decline.

Results: Of the 2,713 participants in waves 1 and 2, their average age was 72.6 years old, 58.4% were female, with 8.7 years of education
average, and 85.8% had an annual individual income of less than $10,000. Our findings show subjects of older age, female sex, lower education,
lower income, and a greater number of medical comorbidities had lower physical function levels at baseline. Older adults experienced a faster
decline in physical function for the overall performance measure (f = -.02, p < .001). Additionally, elderly adults with higher education have
a faster decline of physical function in the overall performance measure (f = -.03, p <.01).

Discussion: As the first to examine physical function decline among U.S. Chinese older adults, our study finds older age and higher education
are two factors associated with a faster rate of physical function decline. In future research, long-term follow up and multiple waves of data
are needed to investigate risk or resilience factors for disability or recovering from disability.
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Physical function and its decline among older adults is a major public
health concern given its impact on individuals, their caregivers, and
the larger society (1,2). Research has shown that physical function
status is a predictor of later disability (3,4), morbidity (5,6), and mor-
tality (7). Physical function limitations are most commonly measured
through self-reported difficulty with tasks (Activities of Daily Living,
Instrumental Activities of Daily Living, etc.) (3), but these measure-
ments may not accurately reflect an individual’s physical function
due to reporting bias and environmental influence (8). Performance-
based measures have particular advantages compared to self-reported
physical function measurements, such as fewer floor or ceiling effects
(9), but these measures are often not included in longitudinal studies.

Further, research has shown that minority older adults, especially
those with a lower socioeconomic status, experience higher levels
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of functional disability compared to their white counterparts (10).
In addition, common risk factors of faster functional decline like
higher levels of disease and lower socioeconomic status (10,11) are
disproportionately experienced by minority older adults (12). While
a study of older Hispanic immigrants found minimal functional
declines after a 5-year follow-up (13), to our knowledge there are no
studies which examine the trajectory of physical function involving
performance tests and among U.S. Asian immigrants. Older adult
Asian immigrants in the United States experience these particular
risk factors at high rates (14,15), but many studies examine Asians
as an aggregate group, which is unable to tease apart ethnic group
differences and diverse experiences (16).

The Chinese community is the oldest and largest Asian American
subgroup in the United States (16). Chinese older adults constitute
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a large segment of the general Chinese population in the United
States, of whom 14.4% are aged 60 years or older (17). Chinese
older adults may disproportionately experience physical function
decline compared with U.S. older adults, resulting from a variety of
socioeconomics, culture beliefs, health literacy, and available social
services (18). Longitudinal research on Chinese older adults found
male sex and younger old age were associated with physical func-
tion decline (19,20). For Chinese in the United States, older Chinese
immigrants may not utilize preventive care services which may
exacerbate environmental conditions that prompt physical function
decline. This may be due to lack of linguistic and culturally appropri-
ate health care services or other service barriers such as cost, distrust
of Western medicine, and transportation issues (21). Our previous
work has found that U.S. Chinese older adults are vulnerable to
functional impairment and related issues (22) and experience mul-
tiple disease and symptom burden (23), which have been identified
as risk factors for functional impairment (10,11). However, there
is a paucity of research concerning the physical function trajectory
and its rate of change among of Chinese older adults living outside
China, especially in the United States (18).

The objectives of this study are to examine: (a) the 2-year decline
of observed physical function performance among U.S. Chinese older
adults and (b) the sociodemographic, socioeconomic, and health-
related variables associated with these physical function trajectories.

Methods

Population and Settings

The Population Study of Chinese Elderly (PINE) is a population-
based epidemiological study of U.S. Chinese older adults in the
greater Chicago area. Its purpose is to collect community-level
data of U.S. Chinese older adults to examine key determinants of
health and well-being. The project was initiated by a community-
academic collaboration between Rush Institute for Healthy Aging,
Northwestern University, and many community-based social service
organizations throughout the greater Chicago area. Detailed descrip-
tions of the first wave of PINE data collection are published else-
where (24), which were collected from 2011 to 2013. The second
wave of data collection for the PINE Study occurred from 2013 to
2015. Of 3,157 wave 1 participants, follow-up interviews were con-
ducted with 2,713 individuals. The Institutional Review Boards of
the Rush University Medical Center has approved the PINE study.

Measurements

Sociodemographic characteristics and health status
Sociodemographic characteristics included age, education,
annual income, and marital status, which were coded into a
dichotomous variable. All analyses involved these characteristics
at wave 1 unless otherwise noted. Medical comorbidities were

assessed by the presence of nine diseases, such as heart disease,
stroke, and diabetes (23).

Observed physical performance testing was measured through
the (a) chair stand—ability to rise to a standing position from a
chair; (b) tandem stand—a lead-in performance test (semi-tandem),
which then followed by either full tandem, or side-by-side, depend-
ing on participant’s performance on semi-tandem; and (c) timed
walk—an 8-foot timed walk (22). Each item was evaluated with a
score ranging from 0 to 5. The three tests were summed for a com-
posite score ranging from 0 to 15 (10), with a higher score indicating
better physical function performance. Internal consistency and reli-
ability of these performance tests were proved in the Chicago Health
and Aging Project (25,26), with a Cronbach’s a of .69. Time was
measured as years from baseline. Time at wave 1 was 0; the mean
time at wave 2 was 1.92 years (SD = .30).

Data Analysis

Univariate statistics were used to summarize physical function
at two time points, along with the change between time points.
Spearman correlations were calculated to determine the relationship
between wave 1 sociodemographic variables and change in physical
function assessments. Mixed-effect models, which models individual
change over time, were used to analyze the demographic risk fac-
tors associated with the annual rate of decline in physical function.
The total score, walk, and chair used a mixed-effect model using an
identity link and normal error distribution. As tandem stand has a
nonnormal distribution, reversed coded it and then fit mixed-effect
models using a log link with a negative binominal error distribution.
We included age, sex, education, income, marital status, and medical
conditions in the model. For plots, representative values were chosen
to stratify cognitive change. Young-old, middle-old, and old-old age
were defined as 65, 75, and 835, respectively. For income, low, mid-
dle, high, were defined as $0-4,999, $5,000-$9,999, and $10,000—
$14,999. Around 95% of participants had incomes in these three
groups; the remaining 5% had an income above $15,000. Education
low, middle, and high were defined as completing 8, 12, or 16 years
of school. All statistical analyses were undertaken using SAS, version
9.2 (SAS Institute Inc., Cary, NC).

Results

Descriptive Statistics of Wave 1, Wave 2, and

Change in Physical Function Measurements

Of the 2,713 participants who were interviewed in waves 1 and 2,
the average age was 72.6 years old and 58.4% were female. They had
an average of 8.7 years of education, and 85.8% had income of less
than $10,000. At wave 1, 70.9% were married. On average, they had
2.1 chronic conditions. Table 1 presents a description of observed

Table 1. Descriptive Statistics of Wave 1, Wave 2, and Change in Observed Physical Function Assessment Tests

Wave 1 Wave 2 Change
Physical Function Tests Total Number Mean (SD) Total Number Mean (SD) Total Number Mean (SD)
Chair 2,679 2.96 (1.50) 2,661 2.72 (1.56) 2,628 -0.23 (1.59)
Tandem 2,682 4.48 (1.10) 2,662 4.28 (1.44) 2,632 ~0.19 (1.27)
Walk 2,713 2.91 (1.44) 2,713 2.59 (1.50) 2,713 -0.32 (1.75)
Total 2,675 10.40 (3.11) 2,655 9.66 (3.58) 2,618 -0.72 (3.05)

Note: Chair = chair stand; Tandem = tandem stand; Walk = measured walk; Total = physical performance tests summary score.
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physical function measurements. Overall, observed physical perfor-
mance declined between waves 1 and 2. Figure 1 presents the raw
changes of physical function as plotted data between waves 1 and 2.

Spearman Correlations of Sociodemographic

Variables and Change in Physical Function

Table 2 presents sociodemographic variables associated with (waves
1 and 2) changes in physical function assessment. For physical perfor-
mance testing, older age (r = .05, p < .05), lower education (r = .06,
p < .01), and higher income (r = -.05, p < .01) were associated with
performance decline in the chair stand. Older age (r = -.12, p < .001)
and more medical comorbidities (r = -.06, p < .01) were associated
with performance decline in the tandem stand. Higher education (r =
-.20,p < .001) and being married (r = -.05, p < .05) were associated
with performance decline in the walk test. Last, older age (r = -.07, p
<.001) and higher education (r = -.07, p < .01) were associated with
overall performance decline in the physical performance tests.

Estimations of Mixed-Effect Models

The unadjusted annual rate of change showed a significant decrease
for overall physical performance (f = -.38, p < .001), chair stand
(p = -.12, p < .001), tandem stand (f = .17, p < .001), and the
walk test (B = -.17, p < .001). Table 3 shows results from a fully
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Figure 1. Plotted data on the raw change of physical performance testing
between waves 1 and 2.

Table 2. Spearman Correlations Between Changes in Physical
Function Assessments and Sociodemographic Variables

Medical
Age Sex Edu Income  Married  Conditions
Chair -.05*  -.02 .06+ -.05* .04* .00
Tandem  -.12* -.03 .01 -.02 .06* -.06*
Walk .03 .02 -.20¢ .02 -.05* .00
Total -.08 -.00 -.07" -.02 .01 -.02

Notes: Edu = education; Children = number of children; Chair = chair
stand; Tandem = tandem stand; Walk = measured walk; Total = physical per-
formance tests summary score.

*p<.05,p < .01, % < .001.

adjusted model of sociodemographic and socioeconomic charac-
teristics. Our findings show older age (f = -.15, p < .001), female
sex (f = .42, p < .001), lower education (§ = .11, p < .001), lower
income (3 = .10, p < .05), and a greater number of medical comor-
bidities (f = -.53, p <.001) were associated with lower level of phys-
ical function at baseline.

On average, total physical performance is declining at an annual
rate of 0.35 units. Older age significantly increased the rate of physi-
cal performance decline among the overall physical performance tests
(p =-.02,p <.001) and chair stand (f = -.01, p < .01). Higher educa-
tion increased the rate of physical performance decline in the walk
test (B = -.04,p <.001) and the overall physical performance measure
(B =-.03, p <.01). Income and number of medical conditions were
not significantly associated with rate of physical performance decline.

Figure 2 shows the plotted data on the change of each physical
function decline with regard to gender, age, education, and income.
From these stratified plots, the largest differences in physical func-
tion change correspond to age in both level and rate of change.

Discussion

To our knowledge, this is the first longitudinal study regarding observed
physical function performance among community-dwelling U.S.
Chinese older adults, which extends prior studies by using directly
observed measures to assess physical function and investigates physi-
cal function decline in 2 years. Our findings suggest that with respect
to age, older individuals experience a faster decline in physical perfor-
mance in the overall performance measure and the chair stand testing.
Individuals with higher education experience a faster decline of physical
performance with the overall performance measure and the walk test.
Previous literature has suggested that age and education play sig-
nificant roles in the aging process, especially with respect to physical

Table 3. Mixed Models Testing the Associations Between
Sociodemographic, SES Variables, and Change in Physical
Function Assessments

f Estimate (Standard Deviation), p value

Physical Performance Testing

Model Term Chair Tandem x Walk Total
Time -.07(.05) 18 (.09)* =22 (.05)*  -.35(.09)*
Age ~.05(.00)* .09 (.01)* —.05(.00)* —.15 (.01)*
Age x Time -.01 (.00)* .00 (.00) .00 (.00)  -.02 (.00)*
Sex 26 (.06)F =25 (.10)* .06 (.05) 42 ((11)*
Sex x Time ~01(.04)  .00(.06)  .04(.04) .07 (.07)
Education .02 (.01)* -.04 (.01)* .07 (.01)* A1 (.01)*
Education x .01 (.00)* .00 (.01) -.04 (.00)* -.03 (.01)*
Time

Income .09 (.03)* -.05 (.05) .01 (.02) .10 (.05)*
Income x Time -.03(.01) .02 (.03) .00 (.02) -.03(.03)
Marital Status ~~ —.03 (.07)  —.11(.10) .13 (.06)* -.13 (.13)
Marital Status x ~ -.02 (.05) .03 (.06) .04 (.04) .01 (.08)
Time

Medical “24 (02 33 (.04)F —15(.02)* -.53(.05)
Conditions

Medical .01 (.02) -.03(.03) 00 (.02) 00 (.03)

Conditions x
Time

*p <.05,*p <.01,% <.001.
x Reversed coded.
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Figure 2. Plotted data on the change in direct physical function testing scores
by age, sex, education, and income levels.

function decline. Our findings support claims that physical function
is more likely to decline at a faster rate if an individual is older.
Studies conducted among older adults in the United States also
report physical function declines as age increases (11,27). In addi-
tion, the potential protective effect of higher education in relation-
ship to physical performance may diminish. This adds to existing
research which supports the idea that individuals with higher levels
of education initially have a slow rate of health decline, which then
accelerates in older age, also known as the “age-as-leveler” hypothe-
sis (28). The mechanisms of this phenomenon warrant further explo-
ration. Future research should examine the possibility of mortality
selection or cohort effect in influencing the relationship between
level of education and physical performance trajectory.

Of note, our study finds that individual yearly income and num-
ber of medical conditions were not associated with the rate of physi-
cal performance decline over time. In contrast, previous research on
Chinese older adults using cross-sectional data reported lower income
was associated with lower level of physical function (18). A longitudi-
nal study found medical conditions differentially affect physical func-
tion decline (11). In our population, individual income may not fully
capture an individual’s socioeconomic status, as researchers have indi-
cated that household income or wealth may elucidate relationships
between socioeconomic status and physical function (29). Further,
there is significant socioeconomic variability within the category of
Asian Americans (30), which may obfuscate the association between
SES and physical function decline. In our study, education and income
are negatively correlated, which may help to explain the differences
in their respective relationships to physical function decline. Future
research should examine SES through household and individual
income or wealth to fully explore this relationship.

This study’s findings should be interpreted with limitations.
First, all participants reside in the Greater Chicago area; there-
fore, the findings of this study may not be generalizable to other
Chinese populations. Second, we did not collect information about
individual or household wealth, which may have a disparate effect
on health outcomes compared to individual yearly income. Third,
physical function decline was recorded by two waves data, which
may be unable to capture certain changing directions such as impair-
ment followed by recovery. Fourth, based on the two time points of
data, raw change of observed physical functioning was computed,
which is beneficial to investigate physical function decline despite the
potential loss of information and specification errors.

Nevertheless, this study has specific strengths which have wide
implications for research, practice, and policy. As the first study to
our knowledge which examines the physical function decline of U.S.
Chinese older adults, we demonstrated some of the complexities
regarding physical function decline. First, by using a short battery
of physical performance tests versus self-reported physical function,
we were able to reduce respondent bias from our main outcome of
interest. Second, our findings indicate that physical function decline
among U.S. Chinese older adult is experienced differently than among
other populations, due to the nonsignificant associations between
income, medical conditions, and the rate of physical performance
change. Therefore, it may be advantageous to identify at-risk Chinese
older adults through other metrics, such as age and education, rather
than income and medical comorbidities. Culturally relevant health
interventions for U.S. Chinese older adults must adjust their targeted
populations accordingly. Third, our study points to some preliminary
differences between Chinese in the United States versus in China. For
example, compared to longitudinal studies in China (19,20), we did
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not find male gender or younger age to be associated with physical
function decline. Our findings may speak to how the immigrant expe-
rience impacts aging and health for U.S. Chinese.

In future research, long-term follow-up and multiple waves data
are needed to investigate different facets of physical function tra-
jectory. Future research should examine both disability and recov-
ery in physical function during late life. Research focusing on older
adults who develop significant impairment can examine the risk
factors for their physical function decline, while examining older
adults who recover from physical impairment would be beneficial to
identify factors contributing to physical resilience. Future studies are
needed to elucidate additional risk/protective factors and potential
adverse health consequences of physical function decline in Chinese
populations.

Conclusion

This study is the first to show physical function decline among U.S.
Chinese older adults. As age increases, older adults experience a
faster decline in physical performance for the overall performance
measure and the chair stand. Older adults with higher education
have a faster decline of physical performance in the overall perfor-
mance measure and the walk test. Future research may focus on the
trajectory of developing significant impairment and recovering from
physical impairment of older adults to identify the risk and resilience
factors by multiple waves data.
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