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1 INTRODUCTION 

Chronic diseases, also known as non-communicable 
diseases (NCDs), including cardiovascular diseases 
(such as heart attacks and stroke), cancers, type 2 dia-
betes, chronic respiratory diseases and diabetes are 
long-lasting and slow-progressing condition that can 
be controlled but not cured. They account for most of 
all deaths in developed countries and are increasing 
rampantly in newly industrialized nations (Daar et al., 
2007). Experiencing rapid urbanization and socioeco-
nomic growth, China bears a growing heave burden of 
morbidity and mortality of chronic diseases which are 
22% and 85% respectively by 2014 according to the 
new data (Beaglehole, 2003 and Ghaffar, 2003). The 
study of the prevention and control of the chronic 
diseases is significant not just for individuals but for 
the whole aging society (Yang et al., 2008). 

Unhealthy lifestyles are believed to be strongly 
correlated to chronic diseases.Lack of exercise 
andsedentaryarecommonphenomena in the modern 
society.Their effects on the chronic diseases have been 
studied by many researches (see Bernstein, 1994, 
Eriksson, 1991, Wannamethee, 1998, Thorp, 2011 and 
Owen, 2010). However, there is limited research about 
Chinese adult and most of them focus on the effect on 
certain disease mortality (Brummett, 2003 and Warren, 
2010) or biological indicators (Owen, 2010 and Wood, 
1983) rather than the morbidity.Some studies found 
that physical activity level of Chinese have been de-
scending since 1990s and this trend should largely 
contribute to the urbanization of China and technology 
advancements (Ng, 2009 and Monda, 2008). In the 
meantime, the absence of an integrated program for 
PE in China highlights the significance of conducting 

further study on the PA and sedentary patterns and 
their effects on chronic diseases. 

This study attempts to address these gaps by study-
ing the effects of physical exercise and sedentary be-
havior on chronic diseases in a wide sample of Chi-
nese adults aged 18-80. Using data from the China 
Health and Nutrition Survey (CHNS), we explore the 
time trend of physical exercise and sedentary behavior 
of a Chinese population followed by a 12 years period 
and discuss their effect on four chronic diseases mor-
bidity with the 2004-2009 cohort. 

2 METHODS 

2.1 Study population 

China Health and Nutrition Survey (CHNS), an inter-
national collaborative project between the Carolina 
Population Center at the University of North Carolina 
at Chapel Hill and the National Institute of Nutrition 
and Food Safety at the Chinese Center for Disease 
Control and Prevention (Yan et al., 2012), is an ongo-
ing international collaborative longitudinal survey 
initially conducted in 1989 and subsequently surveyed 
every 2–4 years using structured questionnaires by 
trained field staff to a sample of about 4,400 house-
holds with a total of 26,000 individuals in 9 provinces 
that vary substantially in geography, economic devel-
opment, public resources and health indicators[14]. 
Additional CHNS details are available in previous 
publications (Dearth-Wesley, 2012, Fang, 2011 and 
Popkin, 2010). 

Nevertheless, the survey is not national representa-
tive. Nine provinces sample can't reflex all twen-
ty-threeprovinces, fourmunicipalities, fiveautonomous 
regions and twospecial administrative areas situation 
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of China. The CHNS, however, is designed to monitor 
nationwide trends and provinces and communities of 
different levels are sampled, plus the non-participation 
rate is very low, so we are confident that the CHNS 
sample can provide good insight into the PE, seden-
tary behavior and chronic diseases relationship in 
China.  

We use all available data from adults aged 18-80
years surveyed in 1997, 2000, 2004, 2006 and 2009. 
Records before 1997 are eliminated due to the lack of 
PE variables. Whereas, all data before 2004 survey 
year are excluded when sedentary behavior analysis is 
done. Individual missing data for critical variables are 
excluded (4.75%), as are the disabled men and preg-
nant women (0.90%). Eventually, 44997 observations 
are retained for the physical exercise trend analysis 
and 27989 for the sedentary behavior trend analysis. 
The effect of physical exercise and sedentary behavior 
on chronic diseases is examined by using 2004 cohort 
which contains around 5900 individuals. 

2.2 Study variables 

Chronic diseases variables: Four kind of chronic dis-
eases information are collected by trained workers 
through posing question such as “has a doctor ever 
told you that you suffer from high blood pres-
sure/diabetes/myocardial infarction/ apoplexy?”. The 
effect on every disease is conducted separately.  

Physical exercise variables: Respondents are asked 
whether they participate in the sixcategories PE, 
which are martial arts (Kung Fu, Tai Chi, etc.), gym-
nastics/dancing/acrobatics, track and field (running, 
etc.)/swimming, soccer/basketball/volleyball, bad-
minton/tennis and other sports, one by one, and if the 
answer is “yes”, their weekly minutes spent on them 
are recorded, otherwise, move on to the next sports 
category. The PE variables are processed to two forms, 
i) whether participant in any PE or not, ii) total hours 
per week spend on PE. Implausible high values are 
replaced with plausible maximum values.  

Sedentary behavior variables: As with physical ex-
ercise, sedentary behaviors are obtained by raising 
questions like “do you participate in watching TV, 
surfing Internet, playing computer games or reading 
activities”, and if the answer is “yes”, then the average 
time spent on them every week is asked immediately. 
Finally, total hours per week spend on sedentary ac-
tivities are calculated. 

2.3 Statistical analysis 

For descriptive analysis, percentages are calculated for
categorical variables, while means are calculated for 
continuous variables. Table 1 lists statistical descrip-
tive result of fivevariables for every wave, from which 
it can be concluded that the mean age and income of 
the study population increased. Logistic regression 
models are used to investigate the relationship of 
physical exercise, sedentary behavior and chronic 
diseases, adjusting for gender, age, education and 
residence and so on. The Logistic regression model is 
adopted because the response variable, namely wheth-
er one have a chronic disease or not in 2009, is cate-
gorical. All statistical analyses are conducted using R 
version 3.0.2. 

3 RESULTS 

3.1 Time trends analysis of physical exercise and 

sedentary behavior in Chinese men and women 

In this section, the time trend of the proportion of 
Chinese adults taking physical exercise and sedentary 
behavior in are examined from multi-lever and mul-
ti-angle. Physical exercise trend analysis use data from 
1997 to 2009 while sedentary behavior trend analysis 
use data from 2004 because sedentary activities are 
not asked before then. 

Figure 1 manifests that the physical exercise pro-
portion has a different trend with previous physical 
activity study. The proportion of physical exercise is 
16% in 1997 wave for Chinese men and decrease 
since then while the overall trend of the Chinese 
women shows an upward tendency and reaches a peak 
value of 10.3% in 2006. In 1997, the PE proportion of 
Chinese men was more than twice of that of the 
women, but the subsequent opposite trends of two 
genders narrow that gap down. One possible explana-
tion for this phenomenon is the aging of Chinese pop-
ulation and prevalence of square dance in China Dama. 
The consistent but temporary increase of both male 
and female in 2006 probably owe to the 2008 Olympic 
Games which was going to be hold in Beijing and 
resulting the national fitness wave. What we most 
need concern is the excessive low proportion of phys-
ical exercise among Chinese adults.

Table 1. Descriptive statistics* of individual level variables for adult Chinese men and women from five waves of the 
China Health and Nutrition Survey

variables 1997 2000 2004 2006 2009
No. of participants 9191 7817 9259 9190 9541
Age(year) 41.8 43.5 47.2 48.5 49.3
Male(%) 49.9 48.6 48.5 47.9 48.4
Urban(%) 33.1 31.7 34.3 33.6 33.9
Education(grade) 1.5 1.7 1.8 1.8 1.8

* means are calculated for numerical variables and percentages are calculated for categorical variables.
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Figure 1. Physical exercise proportion of Chinese men and 
women in 1997-2009 

(a) 

(b) 

Figure 2. Time trends of PE proportion in different age 
groups for Chinese male and female in 1997-2009.  

Since the complete different trends between Chi-
nese men and women displayed, the following analy-
sis has examined the proportion trends on different 
age, residence and education levels are all conducted 
separately for men and women (Figures 2~4). Con-
sistent with above conclusion, figure 2 shows male has  
larger proportions than female in most waves and age 
groups, what’s more, the proportion declines for male 
but increases inconspicuously for female. It also re-
veals that young adult under the age of thirty exercise 
most, followed by 61~80 years old people, and then 
the 31~60 age group. This order is extremely evident 
for male and could be explained by the working age of 
Chinese adults. When people are young, they exercise 
much, and then decline with age to manage the fami-
ly-work conflict, but after they retire, some of them 
have time to take physical exercise again. 

In addition to age, residence and education also 
have relationship with physical exercise. It can be seen 
from Figure 3 that people live in urban have a higher 
proportion than those in rural for both genders. The 
female’s proportion is still lower than male’s and stay 
around 5% in rural. Reluctant to admit, but the fact is 
that with China’s economic development and wealth 
gap widens, Chinese farmers endure tremendous 
pressure and have a low quality of life. Besides, the 
tiring physical work in agriculture contributes to the 
lacking of exercise of the rural people, but Figure 4 
also gives an explanation to some extent. In Figure 4, 
0~5 represent the education level that every individual 
has from low to high are none, primary school, lower 
middle school, upper middle school, technical or vo-
cational and university or above, respectively. The 
higher education level is, the greater the PE proportion 
is. In 2009, the PE proportion of male and female with 
university or above education level are 36% and 28%, 
far exceed the average 11% and 9%. Generally, people 
with high education level have more adequate aware-
ness of health life style such as sufficient physical 
exercise, and there is relatively less manual labor dur-
ing work. 

(a) 
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(b) 

Figure 3. Time trends of PE proportion of different residence 
for Chinese male and female in 1997-2009.  

(a) 

(b) 

Figure 4. Time trends of PE proportion with different educa-
tion level for Chinese male and female in 1997-2009 

Figure 5 shows that while trend of PE time every 
week decrease among Chinese male from 2004 to 
2009, the sedentary behavior trends increase for both 
genders at the same period. The time of physical exer-
cise is extremely low because of the small proportion 
of getting exercise among the population. From 2004 
to 2009, the mean time spent on sedentary behavior of 
Chinese male and female increased around 12%. 
Mean hours spent on sedentary activities per week 
were 18 times the hours spent on physical exercise for 
male in 2009 and 25 times for female. 

(a) 

(b) 

Figure 5. Mean hours per week of physical exercise and 
sedentary behavior in 2004-2009 of Chinese adults 

3.2 Effect of physical exercise and sedentary behav-

ior on chronic diseases morbidity 

Four regression models are conducted to evaluate the 
effect of physical exercise and sedentary behavior on 
each disease morbidity. Respondents without one 
certain disease in 2004 survey are selected into the 
logistic regression model, and corresponding disease 
condition (0 or 1) in 2009 as the response variable. 
Age, gender, residence, education level and baseline 
BMI, smoke condition are included in the models as 
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control variables. PE time (hrs/wk) and sedentary time 
(hrs/wk) are converted from continuous to categorical 
variables for their effect may not be linear. Regression 
coefficients of four models are listed in Table 2. 

It can be concluded from Table 2 that the BMI of 
baseline is significant risk factor of every chronic 
disease which means additional BMI increase the risk 
of having high blood pressure, diabetes, myocardial 
infarction and apoplexy in 5 years. The coefficient of 
age for high blood pressure, diabetes, myocardial in-
farction is also positive, so older people are more 
likely having these disease but not apoplexy. Whereas, 
smoking is one of the major risk factors for the apo-
plexy. Coefficient of urban denotes that urban resi-
dents have higher likelihood of suffering from high 
blood pressure and diabetes disease than rural resi-
dents.  

The first two coefficients of PE for high blood 
pressure is significant and negative, indicating that 
taking physical exercise less than three or six hours 
every week can greatly reduce the incidence of high 
blood pressure compared with doing no exercise. 
Sedentary exceed 21 hours per week increase the 
morbidity of myocardial infarction and apoplexy in 
the following 5 years. These findings suggest that 
even a very moderate amount of daily exercise, such 
as 30 minutes a day leading to health blood pressure 
and that adult who has more than 3 hours of sedentary 
time a day during leisure time is more likely to be 
attacked by myocardial infarction and apoplexy dis-
eases. 

4 CONCLUSIONS 

Although this paper has provided insights into the 
association between physical exercise, sedentary be-
havior and chronic diseases, there are a number of 
limitations. 

First, chronic disease morbidity is calculated ac-
cording to the individuals’ self-report disease, and 
there is high probability that respondents have suf-
fered from some kind of chronic diseases but not ex-
amined by a doctor, hence the morbidity may not be 
accurate. Besides, four chronic diseases are far from 
enough to represent all chronic diseases. Second, sed-
entary behavior time estimated in this paper only con-
tains activities during leisure time, and the sedentary 
time on work are not considered. As to the economic 
development, less labor work are needed, so the sed-
entary activities account for a large portion of most 
jobs and should be taken into consideration. 

This paper only looks at what effects of physical 
exercise and sedentary behavior have on chronic dis-
eases. Future work will include estimating a dynamic 
panel model that incorporates the community, house-
hold and more individual-level factors and relate them 
to changes over time. 
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