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Abstract \
Gkground: There is a lack of specific study of the impact of physical activities on middle-aged and elderly

adults in developing countries. We aimed to investigate the causal impact of different levels of physical activity
on self-rated health status for Chinese adults with an average age of 61 yr from years 2011 to 2015.

Methods: China Health and Retirement Longitudinal Study (CHARLS) conducted by the Peking University of
China was utilized which was a longitudinal database and thus allowed to control for the effect of unobserved
individual heterogeneities. In this study, this control was carried out using fixed effect and propensity score
matching methods. In addition, this study further took into consideration of the discrete feature of our response
variable, self-rated health status, by applying an ordered logit model.

Results: Participating in moderate-to-vigorous physical activity significantly increased individuals’ self-rated health
status (P<.05) whereas lower intensity physical activity did not increase individuals’ self-rated health status.
Conclusion: Moderate-to-vigorous physical activity is an important instrument to improve the health status of
middle-aged and elderly population in China. Government should encourage people to involve in more moder-
ate-to-vigorous physical activity as it is an efficient way to improve individuals’ health status.

Keywords: Physical activity; Self-rated health status; Propensity score matching /

Introduction

Recently, the importance of physical exercise has
been emphasized all around the world and many
nations have prioritize their efforts in encourag-
ing their people to get involved into physical ac-
tivities (1-3). For example, the importance of
promoting physical activity is acknowledged by
the State Council of the People’s Republic of
China in the National Fitness Program (2016-
2020), aiming to promote physical activity partic-
ipation nationwide as a way to improve national
health status (4). This has also led to increasing
attraction to investigate the impact of physical
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activity on health status among academicians and
policy makers.

Physical activity improves individuals’ health
though mechanisms of strengthening the im-
mune system and prevention of diseases like de-
pression, diabetes and cancer (1, 5-8), however,
these studies were based on experimental inter-
vention research which is generally associated
with limitations, namely difficulty in randomizing
the treated and control groups, lower number of
observations and related ethical or moral issues
(9). Therefore, analyzing observational studies is
considered to be a good method to draw general
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conclusions, especially in real world with com-
plex information (10).

Physical activity improves health status for peo-
ple in Canada (11), West Germany (12), UK (13)
and Peru (14). The impact of physical activity
depends highly on the intensity of it. For exam-
ple, higher intensity physical activity is crucial to
the health of young people (15, 16). However,
previous observational studies had focused on
either the adults in developed countries (11-13)
or the children in developing countries (14).
There is a lack of investigation in the impact of
physical activity on health among adults in devel-
oping countries.

To address this gap in knowledge, this study ex-
amined the impact of different levels of physical
activity on health status among middle-aged and
elderly adults in China. It is important that China
and other developing countries have a better un-
derstanding of this relationship as it could help
the government to have a clear guidance of pro-
ceeding fitness programs among the middle-aged
and elderly populations. This could be a potential
way to improve their health status and help them
to have a better quality of life.

Methods

Study design

This study used data from the China Health and
Retirement Longitudinal Study (CHARLS) con-
ducted by the Peking University of China.
CHARLS was a nationally representative survey
which covered 28 provinces in mainland Chi-
na(There are 31 provinces in mainland China.
Xizhang, Hainan and Ningxia provinces were not
included into the survey sample.). It targeted in-
dividuals more than or equal to 45 years old. In
the year 2011, it conducted the baseline survey,
and since then a full follow up survey was con-
ducted every other year. The survey conducted in
2015 was the most recent data available.

Participants
CHARLS provided information at the individual,
family and community levels and reported demo-
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graphic characteristics, family information, health
status and living habits information. Our analysis
period comprised individuals in the baseline year
2011 and subsequent observations of the same
individuals for the years 2013 and 2015. We had
5447 observations in total after dropping ones
with missing values.

Ethics approval

The CHARLS data are publicly available and
open to researchers all over the world. The cur-
rent study is a secondary analysis of the deidenti-
fied CHARLS data. Therefore, the researchers
have no access to personal identifiers or personal
health information that can be linked to individu-
als while analyzing the data.

Variables

Health status

Our response variable was self-rated health status
(SRHS). SRHS measured the individuals’ general
health at present, and it was an ordinal indicator
taking discrete values from 1 to 5, which
corresponded to an individual’s health being self-
evaluated as very good, good, fair, poor or very
poor, respectively. It is a common measurement
for health status and has been used in various
related previous studies (17-19).

Physical activities

Our treatment variables were related to the par-
ticipation of physical activities (PA). They were
binary answers to the questions of whether an
individual took vigorous physical activities or
moderate physical activities, or walk for at least
10 minutes continuously every week, which were
abbreviated to VPA, MPA and WALK. CHARLS
defined VPA as activities which made people
breathe much harder than normal and might in-
clude heavy lifting, digging, plowing, aerobics,
fast bicycling, and cycling with a heavy load;
MPA as activities which made individuals breathe
somewhat harder than normal and might include
carrying light loads, bicycling at a regular pace, or
mopping the floor; WALK as walking that indi-
viduals might do solely for recreation, sport, ex-
ercise, or leisure. Similar treatment variables have
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been used before to distinguish the different in-
tensities of physical activity (20).

Control variables

Control variables in the present study were age,
age square (age’), education level, marital status,
registration type (hukou), deposit, gender, urban
and community activity. These variables could be
deemed important determinants of health. Edu-
cation level was a categorical variable which took
values from 1 to 3 depending on whether an in-
dividual did not have formal education, did not
have bachelor’ degree or had bachelor’ degree,
respectively. Marital status was a binary variable
which took 1 or 0 depending on whether an indi-
vidual was married or not. Hukou took values 1
to 4 depending on whether an individual had an
agricultural hukou, non-agricultural hukou, uni-
fied residence hukou or did not have hukou, re-
spectively. Hukou highly depended on the place
people were born and was associated with the
living conditions in people’s childhood. In addi-
tion, social welfares including types of social in-
surances were also based on hukou, which could
influence individuals’ health conditions (21). De-
posit was a continuous variable measuring the
amount of Chinese yuan (CNY) an individual had
in the bank. Rich people were typically more able
to get necessary medical treatments. Gender was
a binary variable that took value 1 or 0 depending
on whether an individual was male or female.
Urban was a binary variable which took 1 or 0
depending on whether an individual lived in an
urban area or a rural area. This variable was im-
portant because it was observed that the urban
areas in general had better medical services and
living condition (22). Community activity took
value 1 or 0 depending on whether an individual
participated in a community-related organization
or not. It was included because the interaction
with people could influence people’s health (23).

Data analysis

Our purpose was to estimate the causal impact of
different levels of PA on individuals’ health
which was measured by SRHS. The statistical
software Stata, version 13.0 (Stat Corp. LP, Col-
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lege Station, Texas, USA), was used to analyze
the data. It should be noted that individuals’ PA
decisions and their SRHS could be affected by
unobservable individual characteristics. There-
fore, in order to control for them, we considered
two methodologies: fixed effect (FE) and pro-
pensity score matching (PSM).

Fixed effect (FE) is based on the following re-
gression model No. 1:

Yie = a1 PAj + o Xty + €,

where Y is the SRHS for individual 7 in year 4
PAi and X correspond to our treatment varia-
bles and control variables respectively for year ¢
and individual 7. To be more clear, we estimated
different equations for different definitions of
PA; regarding 1'PA; , MPA; and WALK;, in or-
der to capture the impact of different levels of
PA on SRHS. y; is individual fixed effect that
controls for unobservable time-invariant charac-
teristics of individuals; ¢; is the error component
and @, where /=1 or 2 are parameters to be esti-
mated. Our focus estimation was @ which repre-
sents the estimate of the causal impact of differ-
ent levels of PA on individuals’ SRHS.

If there were changes in SRHS due to factors
other than PA which were different between
treated and control groups, then the FE estima-
tion could be biased. Rosenbaum and Rubin (24)
proposed PSM method to reduce this bias in the
estimation of treatment effects with observational
data sets. Following their method, we applied an
observational study to approximate the random-
ized trial in order to obtain objective causal infer-
ence. We obtained similar individuals in the treat-
ed and control groups by using the kernel match-
ing method. This approach constructed the coun-
terfactual individual in the control group by giv-
ing closer individuals higher weights (25). An in-
dividual belonged to the treated group if PA took
value 1 while he or she belonged to the control
group if PA took value 0. We restricted our sam-
ple to common support by deleting all observa-
tions with propensity scores (probabilities) larger
than the smallest maximum and smaller than the
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largest minimum of the treated and control
groups defined by PA.

It was also necessary to adjust FE and PSM
methods from linear cases to non-linear cases as
our response variable was coded on a discrete
and ordinal scale. Therefore, an ordered logit
model was considered to estimate the marginal

Results

General characteristics

The characteristics of the 5447 study participants
are summarized in Table 1. Our samples were
mainly middle-aged and elderly people with an
average age of 61. 49% of participants were male.

effects of different levels of PA on SRHS. 28% of participants were living in urban areas.

Table 1: Statistical description of variables

Variable Mean Standard Deviation Minimum Maximum
SRHS 2.91 0.93 1 5
VPA 0.35 0.48 0 1
MPA 0.55 0.50 0 1
WPA 0.80 0.40 0 1
Age 61.21 9.20 45 105
Age? 3830.81 1174.38 2025 11025
Education 1.76 0.48 1 3
Marriage 0.82 0.38 0 1
Hukou 1.20 0.41 1 4
Deposit (CNY) 11262.09 55769.23 0 2000000
Gender 0.49 0.50 0 1
Utrban 0.28 0.45 0 1
Community 0.02 0.15 0 1

Linear analysis of PA for SRHS

Table 2 shows the estimated impact of different
levels of PA on individuals’ SRHS for the two
above discussed approaches: FE and PSM. For
the sake of brevity, only the estimations of the
focus parameters are reported. Under the PSM
method, the average treatment effect estimation
(ATE) is presented. Columns 2, 4 and 6 show the
results from the FE estimation for VPA, MPA
and WALK, respectively and columns 3, 5 and 7
present PSM estimations for VPA, MPA and
WALK, respectively.

Both estimation methods consistently showed
that MPA significantly increased individuals’
SRHS. To be more specific, MPA significantly
increased individual’s SRHS between 0.099 to
0.158 units using PSM and FE methods, respec-
tively. We also found some evidence that VPA
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could increase individuals’ SRHS by 0.078 unites,
however, the estimation was only significant un-
der PSM method and not for FE method. We
found that WALK did not provide a significant
improvement on the SRHS. This could due to
the reason that walking requires very few physical
efforts and thus do not have a significant effect
on individuals’ SRHS. It was important to test if
our control variables achieve good balance after
matching under PSM method (26). As it was dis-
cussed in the Methods section, the changes in
SRHS should not due to factors other than PA,
therefore, the control variables should not be
significantly different between the treated and
control groups after matching. One way to test
good balance is to check the standardized mean
differences of covariates between the two groups
after balancing.
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Table 2: Impact of different levels of PA on individuals’ SRHS

VPA MPA WALK
FE PSM FE PSM FE PSM
PA -0.066 -0.078%%* -0.158%%* -0.099%%* -0.043 -0.048
(-0.99) (-2.80) (-2.82) (-3.77) (-0.55) (-1.46)
R-square 0.014 0.002 0.025 0.003 0.013 0.001
#Obs. 5447 5446 5447 5435 5447 5410

Notes: T statistics in parentheses. * P<0.1 ** P <0.05 *** P <0.01. The number of observations was less than 5447
under PSM approach. This is because we restricted our sample to common support

Under three specifications regarding VPA, MPA
and WALK, the standardized mean differences
were less than 10 in all cases which suggested that
our estimations passed the balancing test(PSM
balance estimations are available from the au-
thors upon request) (20).

Non-linear analysis of PA for SRHS

Given the fact that our response variable was
coded on a discrete and ordinal scale, a non-
linear model was especially desired under this
context (27). For the robustness of the results, we
carried on our analysis by using an ordered logit

model with PSM method. The reason we did not
continue with this non-linear model for FE
method was because there is no simple transfor-
mation available that would purge the ordered
response models from the individual fixed effect
(27). And we could include the individual fixed
effect unless we collapsed the 5 categorical re-
sponses into two classes and applied a binary
logit model (27-29).

Table 3 presents the marginal effects at means of
different levels of PA on SRHS using an ordered
logit model with PSM method.

Table 3: Marginal effects at means of the impact of different levels of PA on individuals’ SRHS using an ordered
logit model with PSM method

Variable Very good Good Fair Poor Very poor
VPA 0.017#%* 0.016%** -0.004** -0.022%% -0.007***
(3.17) (3.16) (-2.40) (-3.19) (-3.106)
MPA 0.019%** 0.019%%* -0.004x* -0.026%** -0.009%**
(3.98) (3.90) (-3.10) (-3.87) (-3.73)
WALK 0.010* 0.009 -0.007** -0.013 -0.005
(1.67) (1.63) (-1.98) (-1.60) (-1.506)

Notes: Z statistics in parentheses. * P<(.1 ** P <(0.05 *** P <(.01

The results showed that VPA and MPA both
significantly increased the probability of individu-
als reporting their SRHS as very good (1.7 pp and
1.9pp for VPA and MPA, respectively) and good
(1.6pp and 1.9pp for VPA and MPA, respective-
ly), where pp indicates percentage points. In addi-
tion, VPA and MPA significantly decreased the
probability of individuals reporting their SRHS as
fair (0.4pp for both VPA and MPA), poor (2.2pp
and 2.6pp for VPA and MPA, respectively) and
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very poot (0.7pp and 0.9pp for VPA and MPA,
respectively). It could be seen that MPA had a
larger impact on SRHS comparing to VPA.
However, the impact of WALK was not signifi-
cant in the second (good), fourth (poor) and fifth
(very) levels, and only marginally significant in
the first (very good) level. This was consistent
with our linear estimations that moderate-to-
vigorous PA had a significant positive impact on
individuals’ SRHS.
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Discussion

This paper presented novel findings on the im-
pact of different levels of PA on the SRHS of
Chinese adults with an average age of 61 years
old. We found a strong evidence that moderate-
to-vigorous PA significantly improved the SRHS
among Chinese middle-aged and elderly adults
between 0.078 to 0.158 units using various meth-
ods. After taking into consideration of the dis-
crete feature of our response variable, moderate-
to-vigorous PA significantly increased the proba-
bility of individuals reporting their SRHS as very
good and good by 1.7-1.9pp and 1.6-1.9pp, re-
spectively. In addition, moderate-to-vigorous PA
significantly decreased the probability of individ-
uals reporting their SRHS as fair, poor and very
poor by 0.4pp, 2.2-2.6pp and 0.7-0.9pp, respec-
tively. However, we did not find evidence that
WALK significantly improved individuals’ SRHS.
Present results are consistent with previous litera-
ture where PA improved individuals’ health sta-
tus (11-14), especially high intensity of PA was
associated with good health (15) and low all-
cause mortality (16). For example, Humphreys et
al (11) used sample from residents over 12 years
old in Canada at the year 2005 and found a sig-
nificant positive impact of PA, especially moder-
ate PA, on individuals’ health outcomes. Lechner
(12) investigated the impact of leisure sports par-
ticipation on health based on individual samples
from Germany during the year 1984 to 2006 and
found a positive effect of sports participation on
health. Rasciute and Downward (13) investigated
the impact of physical activities such as sports
participation and active forms of transport on
self-rated health using a three-year survey in Eng-
land which was commenced in 2005 and a broad-
ly positive effect upon health was found.
Pawlowski et al (14) studied the children in Peru
at the years 2002, 2006 and 2009 and also found
similar positive impact of PA on health.
Driediger et al (15) mentioned the importance of
carrying out PA among Canada and Australia
children in their opinion research. Samitz et al
(16) conducted a systematic review on the similar
topic and found risk reduction per unit of time
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increase was largest for vigorous exercise. Previ-
ous research for developed countries (11-13, 15)
and children (14) cannot be applied for adults in
developing countries, because other than the var-
iances of methods and survey periods, their eco-
nomic level, health stock, sports involvement and
physical education were also different (30, 31).

As stated before, there was still a scarcity of re-
search for relating physical activity to health
among middle-aged and elderly population in de-
veloping countries (32, 33). This study was the
first longitudinal study which investigated the
impact of different levels of PA on SRHS among
this population. China, a developing and the
most populated country in the world, was a good
start to study developing country issues. Our re-
sults indicated that participating in PA is an im-
portant instrument to improve individuals’
health. In addition, the intensities of PA play im-
portant roles. Individuals could benefit more
from moderate-to-vigorous PA. One potential
explanation for the different impacts of various
levels of PA could be based on the previous stud-
ies where it was shown that participating in dif-
ferent intensities of PA were related to individu-
als’ different levels of aerobic capacities (34) and
amounts of insulin (35). The negligible impact of
the low intensity PA, such as walking, on SRHS
could due to the less requirements of physical
effort. As also suggested by the UK National
Health Service (NHS), middle-aged and elderly
adults should do two types of physical activities:
aerobic exercise and strength exercise (2, 3).
There are three main contributions of the present
study. First, to the best of our knowledge, this
was the first longitudinal study to analyze the im-
pact of physical activities on health among mid-
dle-aged and elderly adults in a developing coun-
try. Second, relationships of different levels of
physical activity (or intensities of physical efforts)
to the health benefits were made. Third, a com-
prehensive longitudinal database CHARLS was
used in the present study which allowed us to
control for the presence of time-invariant effects
by observing the same person before and after
being involved in physical activities. Moreover, to
avoid the effect of potential endogeneity between
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physical activity and SRHS, propensity score
method was employed in the present study (24).
The limitation of this study is the health status variable
used in this study was self-reported, this might result
to the reporting bias (36). We were not able to detect
the impact of PA on objective health status indicators,
for example, individuals’ health information from the
hospitals, due to data limitation. This kind of study is
specially warranted in the future.

There are public health implications of this study.
For example, with the increasing proportion of
elder population in China (33), as well as in the
world, a cheap and effective way to improve the
health condition in the aging society is necessary.
Our study not only offered the evidence that PA
improves health status among middle-aged and
elderly adults in China, but also presented the
clear way of proceeding the health-related policy
by emphasizing the benefits and importance of
moderate-to-vigorous PA. Our recommendation
is that the government should encourage people
to involve in more moderate-to-vigorous physical
activities, for example aerobics, as they are effi-
cient ways to improve individuals’ health status.

Conclusion

Moderate-to-vigorous physical activities signifi-
cantly improve the individuals’ self-rated health
status in Chinese middle-aged and elderly adults.
However, walking, a lower intensity of physical
activity, has a very less impact on the improve-
ment of self-rated health status.
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