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Abstract
Abstract: The aim of this study was to explore association of 
physical activity and sitting time with overweight/obesity in 
Chinese occupational populations for the development of 
intervention and prevention strategies for obesity. Methods: 
A total of 23,112 participants were selected from the 2010–
2012 China National Nutrition and Health Survey (CNNHS). A 
logistics regression model was used to examine the associa-
tions of physical activity and sitting time with overweight/
obesity by gender after adjusting for age, educational level, 
marital status, and family economic level. Results: The prev-
alence of overweight/obesity based on the WHO definition 
and the WGOC definition was 30.8% and 41.3%, respectively. 
Male employees with moderate and heavy occupation activ-
ity intensity had a lower risk for overweight/obesity than 
those with light occupation activity intensity (moderate: OR 
0.90, 95% CI 0.82–0.98; heavy: OR 0.75, 95% CI 0.65–0.86), 
and the risk of overweight/obesity of male employees with 
long work-time spent sitting was higher than those with 
short work-time spent sitting (2–4.9 h/day: OR 1.26, 95% CI 

1.14–1.40; ≥5 h/day: OR 1.29, 95% CI 1.15–1.44). The risk of 
overweight/obesity of male employees with active transpor-
tation mode was lower than those with inactive transporta-
tion mode (OR 0.91, 95% CI 0.84–0.99), while the risk of over-
weight/obesity of female employees with active transporta-
tion mode was higher (OR 1.14, 95% CI 1.04–1.25). Female 
employees with leisure-time physical activity (LTPA) for 
≥150 min/week had lower risk of overweight/obesity than 
those with LTPA for < 150 min/week (OR 0.69, 95% CI 0.56–
0.84). There was no significant association of leisure-time sit-
ting and housework time with overweight/obesity in Chi-
nese occupational populations. Conclusion: Occupation ac-
tivity intensity, LTPA, transportation mode, and work sitting 
time were associated with overweight/obesity. Reducing 
work sitting time, moderate and heavy occupation activity 
intensity, and an active transportation mode could help 
male employees decrease the risk of overweight/obesity. In-
creasing leisure-time physical activity could reduce the risk 
of overweight/obesity in women. Our findings provided in-
sight into the association of physical activity and sitting time 
with overweight/obesity. It will be necessary to carry out 
workplace-based interventions, have an active transporta-
tion mode, and increase leisure-time physical activity to de-
crease the risks of overweight/obesity.
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Introduction

Overweight/obesity has become a major public health 
issue. Worldwide obesity nearly tripled from 1975 to 
2016. Over 1.9 billion adults (≥18 years of age) were 
overweight in 2016, and > 650 million of them were obese 
[1]. According to a national health and nutrition surveil-
lance report in 2016, the prevalence of overweight and 
obesity among Chinese adults was 30.1% and 11.9%, re-
spectively [2]. The prevalence of overweight and obesity 
among occupational populations in Beijing and Shaanxi 
provinces was 39.0% and 31.2%, respectively [3, 4]. The 
prevalence of overweight and obesity of Dutch workers 
was 37% [5]. In Australia, 41.6% of workers were over-
weight/obese [6]. Overweight/obesity has become a com-
mon health problem, especially in the occupational pop-
ulation [7].

Overweight/obesity is a major risk factor for chronic 
non-communicable diseases, including diabetes, cardio-
vascular diseases, musculoskeletal disorders, and some 
cancers [8–13]. The occupational population is an impor-
tant pillar of social and economic development, and the 
health of this group plays an important role in economic 
development and social stability. Higher calorie intake 
than energy expenditure is the fundamental cause of obe-
sity and overweight. Previous studies have confirmed that 
overweight and obesity were associated with lower levels 
of physical activity [14, 15].

Physical activity refers to any bodily movement pro-
duced by skeletal muscles that requires energy expendi-
ture, including leisure time, occupational, domestic, and 
commuting physical activity [16]. Physical activity is 
closely related to human health. With economic devel-
opment, great changes have taken place in people’s work 
and lifestyle. The intensity of occupation activity has 
been significantly reduced by scientific and technologi-
cal progress, and > 60% of Chinese occupational popula-
tions work with light occupation activity intensity which 
lead to less physical activity [17]. More and more, pri-
vate cars, subways, and buses have made transportation 
more convenient [18]. The widespread availability of 
entertainment devices such as televisions, computers, 
and smartphones have increased sedentary behavior 
[19].

Therefore, it has become necessary to explore the as-
sociation of physical activity and sitting time with over-
weight/obesity among current Chinese occupational 
populations, so as to formulate strategies for intervention 
and the prevention of obesity.

Materials and Methods

Study Design
We obtained data for this study from the China National Nutri-

tion and Health Survey (CNNHS) 2010–2012 [20]. The CNNHS 
was a nationally representative cross-sectional survey which cov-
ered 31 provinces, autonomous regions, and municipalities (ex-
cept for Taiwan, Hong Kong, and Macao). A design of cluster ran-
dom sampling with multistage stratification proportional to popu-
lation size was used to recruit subjects [20, 21].

Height and weight measurements were taken by trained medi-
cal staff. Sociodemographic information (age, gender, education 
level, marital status, family income, etc.) and a physical activity 
questionnaire were collected by trained investigators using face-
to-face interviews. The physical activity questionnaire included 
the topics: work time and intensity, work sitting time, transporta-
tion mode, leisure time physical activity (LTPA), housework time, 
and leisure time sedentary behaviors.

Study Participants
The total number of CNNHS 2010–2012 participants was 

160,480, which included 87,533 adults aged 18–59.9 years. A total 
of 23,112 occupational adults aged 18–59.9 years were included in 
the study. The occupational adults included unit leaders, profes-
sional and technical workers, clerical and related workers, agricul-
tural, forestry, pastoral, fishing and water conservancy production 
personnel, business and service workers, production and transpor-
tation workers, and others. Participants with missing sociodemo-
graphic and physical activity data as well as those taking measures 
to lose weight were excluded.

Definition of Overweight and Obesity
BMI was calculated using the formula: BMI = weight (kg)/

height (m)2. Overweight/obesity was defined as BMI ≥24 based on 
the criteria of the Working Group on Obesity in China (WGOC) 
[22]. To increase comparability with other countries, overweight/
obesity was defined as BMI ≥25 according to the World Health 
Organization (WHO) [1].

Categories of Study Variables
Demographic Characteristic
Age was grouped as a categorical variable: 18–29, 30–39, 40–49, 

and ≥50 years. Educational levels were categorized into 4 levels: 
junior high school or below, senior high school, junior college, 
Bachelor’s or higher. Family economic level was divided into 3 lev-
els: low (less than CNY 20,000), middle (CNY 20,000–40,000), and 
high (more than CNY 40,000), according to the per capita annual 
income of urban and rural households in 2011.

Self-Reported Physical Activity during the Past Three Months
Physical activity included 4 domains: occupation activity inten-

sity, transportation mode, housework time, and LTPA. 
Occupation Activity Intensity. The participants reported their 

occupation activity intensity according to their work intensity 
[23]. Occupation activity intensity was classified as: light, moder-
ate, and heavy.

Transportation Mode. All the participants were asked about 
their main mode of transportation to/from work, and travel time 
to/from work every day. Transportation mode was classified as ac-
tive transportation (walking or cycling), and inactive transporta-
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tion (driving a car or taking a bus, subway, motorcycle, taxi, or 
electric bicycle) [23].

Housework Time. The participants reported how much time 
they spent on housework every day. Housework level was catego-
rized as < 30, 30–59.9, or ≥60 min/day.

Leisure-Time Physical Activity. The participants were asked the 
question, “How many days a week do you exercise at a moderate 
or high intensity? How many hours of exercise a day?”. LTPA lev-
el was dichotomized as < 150 or ≥150 min/week [24].

Table 1. Characteristics of the participants

Total
(n = 23,112)

Men
(n = 12,488)

Women
(n = 10,624)

p value

Age, years 40.6±10.2 42.7±10.1 38.2±9.7 <0.0001
Age group, n (%) <0.0001

18–29 years 4,382 (19.0) 1,710 (13.7) 2,672 (25.2)
30–39 years 6,153 (26.6) 2,998 (24.0) 3,155 (29.7)
40–49 years 7,915 (34.2) 4,347 (34.8) 3,568 (33.6)
50–59 years 4,662 (20.2) 3,433 (27.5) 1,229 (11.6)

Education level <0.0001
Junior high school or below 11,960 (51.7) 7,156 (57.3) 4,804 (45.2)
Senior high school 5,700 (24.7) 3,142 (25.2) 2,558 (24.1)
Junior college 3,298 (14.3) 1,332 (10.7) 1,966 (18.5)
Bachelor’s or higher 2,154 (9.3) 858 (6.9) 1,296 (12.2)

Marital status <0.0001
Unmarried 1,906 (8.2) 963 (7.7) 943 (8.9)
Married 20,661 (89.4) 11,317 (90.6) 9,344 (88.0)
Divorced/widowed 545 (2.4) 208 (1.7) 337 (3.2)

Family economic level <0.0001
Low 15,078 (65.2) 8,580 (68.7) 6,498 (61.2)
Middle 4,827 (20.9) 2,413 (19.3) 2,414 (22.7)
High 1,595 (6.9) 710 (5.7) 885 (8.3)
Unknown 1,612 (7.0) 785(6.3) 827(7.8)

Occupation activity intensity <0.0001
Light 14,677 (63.5) 6,508 (52.1) 8,169 (76.9)
Moderate 6,666 (28.8) 4,547 (36.4) 2,119 (19.9)
Active 1,769 (7.7) 1,433 (11.5) 336 (3.2)

Transportation mode <0.0001
Active 8,866 (38.4) 3,989 (31.9) 4,877 (45.9)
Inactive 14,246 (61.6) 8,499 (68.1) 5,747 (54.1)

Time spent on housework <0.0001
<30 min/day 7,383 (31.9) 5,843 (46.8) 1,540 (14.5)

30–59.9 min/day 5,077 (22.0) 3,156 (25.3) 1,921 (18.1)
≥60 min/day 10,652 (46.1) 3,489 (27.9) 7,163 (67.4)

Leisure-time physical activity 0.0465
<150 min/week 21,625 (93.6) 11,722 (93.9) 9,903 (93.2)
≥150 min/week 1,487 (6.4) 766 (6.1) 721 (6.8)

Work sitting time <0.0001
<2 h/day 4,699 (20.3) 2,913 (23.3) 1,786 (16.8)

2–4.9 h/day 9,030 (39.1) 5,082 (40.7) 3,948 (37.2)
≥5 h/day 9,383 (40.6) 4,493 (36.0) 4,890 (46.0)

Leisure sitting time <0.0001
<2 h/day 4,489 (19.4) 2,203 (17.6) 2,286 (21.5)

2–2.9 h/day 8,622 (37.3) 4,607 (36.9) 4,015 (37.8)
≥3 h/day 10,001 (43.3) 5,678 (45.5) 4,323 (40.7)

BMI 23.6±3.3 24.0±3.3 23.0±3.3 <0.0001
Overweight or obesea 7,119 (30.8) 4,559 (36.5) 2,560 (24.1) <0.0001
Overweight or obeseb 9,543 (41.3) 6,030 (48.3) 3,513 (33.1) <0.0001

Values are expressed as n (%) or mean ± SD. a Based on the WHO definition; b based on the WGOC definition.
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Sitting Time
Work Sitting Time. All the participants were asked the ques-

tions “How many hours do you work every day, and how many 
hours do you sit at work?” Work sitting time was classified as 3 
levels: < 2, 2–4.9, or ≥5 h/day.

Leisure Sitting Time. All the participants reported the time they 
spent sitting during leisure time. The question asked was “How 
many hours do you sit in leisure time every day, such as watching 
TV, using a computer, reading, and so on?” Leisure sitting time 
was classified as < 2, 2–2.9, or ≥3 h/day.

Statistical Analyses
Data analyses were conducted using SAS software v9.4 (SAS 

Institute, Cary, NC, USA). The χ2 test was performed for compar-
ing demographic characteristics, physical activity, and the preva-
lence of overweight/obesity between different genders. A logistics 
regression model was used to examine the association of physi- 
cal activity and sedentary behaviors with overweight/obesity by 
gender, where the dependent variable was BMI status (normal 
weight = 0, overweight and obesity = 1). Independent variables 
included 4 domains of physical activity and 2 indicators of sitting 
time, with or without adjustments for age, educational level, mar-
ital status, and family economic level. p = 0.05 was considered sta-
tistically significant.

Results

Characteristics of Participants
Table 1 presents the basic characteristics of the par-

ticipants. The mean age was 40.6 years. The prevalence of 
overweight/obesity based on the WHO definition and the 
WGOC definition was 30.8% and 41.3%, respectively. 
The prevalence of overweight/obesity in men was higher 
than that in women (p < 0.01). There were also significant 
differences in age, education level, marital status, family 
economic level, occupation activity intensity, transporta-
tion mode, LTPA, housework time, work sitting time, and 
leisure sitting time between the genders (p < 0.05).

Associations of Physical Activity and Sitting Time 
with Overweight/Obesity by Gender
Table 2 shows the associations of physical activity and 

sitting time with overweight/obesity by gender. After ad-
justing for age, educational level, marital status, and fam-
ily economic level, male employees with moderate occu-

Table 2. Logistic regression analysis of the association of physical activity and sitting time with overweight/obesitya by gender

Men Women

ORb (95% CI) ORc (95% CI) ORb (95% CI) ORc (95% CI)

Occupation activity intensity
Light 1.00 1.00 1.00 1.00
Moderate 0.90 (0.83–0.98) 0.90 (0.82–0.98) 1.20 (1.07–1.35) 1.04 (0.93–1.17)
Active 0.77 (0.67–0.88) 0.75 (0.65–0.86) 1.37 (1.07–1.75) 1.07 (0.83–1.37)

Transportation mode
Inactive 1.00 1.00 1.00 1.00
Active 0.95 (0.87–1.02) 0.91 (0.84–0.99) 1.28 (1.17–1.40) 1.14 (1.04–1.25)

Leisure time physical activity
<150 min/week 1.00 1.00 1.00 1.00
≥150 min/week 1.02 (0.88–1.19) 1.01 (0.86–1.18) 0.72 (0.60–0.88) 0.69 (0.56–0.84)

Time spent on housework
<30 min/day 1.00 1.00 1.00 1.00

30–59.9 min/day 1.02 (0.93–1.12) 1.01 (0.92–1.11) 1.06 (0.90–1.26) 0.93 (0.78–1.10)
≥60 min/day 0.97 (0.89–1.06) 0.93 (0.85–1.01) 1.35 (1.18–1.55) 0.89 (0.77–1.04)

Work sitting time
<2 h/day 1.00 1.00 1.00 1.00

2–4.9 h/day 1.23 (1.11–1.36) 1.26 (1.14–1.40) 0.99 (0.87–1.13) 1.09 (0.96–1.25)
≥5 h/day 1.24 (1.11–1.38) 1.29 (1.15–1.44) 0.85 (0.74–0.97) 1.00 (0.87–1.15)

Leisure sitting time sitting
<2 h/day 1.00 1.00 1.00 1.00

2–2.9 h/day 1.03 (0.93–1.15) 1.04 (0.93–1.16) 1.03 (0.92–1.16) 1.10 (0.97–1.24)
≥3 h/day 1.06 (0.95–1.17) 1.09 (0.98–1.21) 0.93 (0.83–1.05) 1.04 (0.92–1.17)

Bold type denotes significance. OR, odds ratio; CI, confidence interval. a  Based on the WHO definition. b  Unadjusted for age, 
educational level, marital status, and family economic level. c Adjusted for age, educational level, marital status, and family economic 
level.
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pation activity intensity (OR 0.90, 95% CI 0.82–0.98) and 
heavy occupation activity intensity (OR 0.75, 95% CI 
0.65–0.86) had a significantly lower risk of overweight/
obesity compared to those with light occupation activity 
intensity. Men spending 2–4.9 h/day (OR 1.26, 95% CI 
1.14–1.40) and > 5 h/day (OR 1.29, 95% CI 1.15–1.44) of 
their work-time sitting had a higher risk of overweight/
obesity than those sitting for < 2 h/day. The risk of over-
weight/obesity of male employees with an active trans-
portation mode was lower than those with inactive trans-
portation mode (OR 0.91, 95% CI 0.84–0.99), while the 
risk of overweight/obesity of female employees with an 
active transportation mode was higher (OR 1.14, 95% CI 
1.04–1.25). Women with LTPA for ≥150 min/week had 
lower risk of overweight/obesity (OR 0.69, 95% CI 0.56–
0.84) than those with LTPA for < 150 min/week.

Discussion

Our study showed that male employees with moderate 
and heavy occupation activity intensity had a lower risk of 
overweight/obesity, and the risk of overweight/obesity of 
male employees with a long work-time spent sitting was 
higher than those who spent a short time sitting at work. 
The risk of overweight/obesity of male employees with ac-
tive transportation mode was lower than those with inac-
tive transportation mode, while the risk of overweight/
obesity of female employees with an active transportation 
mode was higher. Female employees with LTPA for ≥150 
min/week had lower risk of overweight/obesity.

Most studies have confirmed that moderate to heavy 
occupation activity intensity could reduce the risk of 
overweight and obesity [25–27]. A previous study con-
firmed that occupation activity accounted for 62% of total 
physical activity [28]. Occupation activity has been a key 
determinant of weight gain [29]. Our study found that 
moderate and heavy occupation activity intensity were 
significantly associated with a lower risk of overweight/
obesity in male employees but not in females, consistent 
with the result obtained by Xu et al. [23]. This may be due 
to the fact that most women engaged in light occupation 
activity intensity. With the advancement of technology, 
light occupation activity intensity is dominant in many 
high-income countries and also in some developing 
countries, including China [17]. The lack of physical ac-
tivity in the workplace is becoming an important factor 
in the development of overweight and obesity. Therefore, 
we suggest that women and men engage in light occupa-
tion activity intensity should increase their LTPA.

The study also showed that LTPA for ≥150 min/week 
had a lower risk of overweight/obesity in female employees 
but not in males, the result was not consistent with the find-
ings of Xu et al. [23]. A study in Canada found that LTPA 
was inversely associated with obesity in men and with both 
overweight and obesity in women [30]. Chinese dietary 
guidelines recommend at least 150 min of moderate-to-
high intensity LTPA a week. This study confirmed that 
≥150 min of moderate or high-intensity LTPA per week 
could reduce the risk of overweight and obesity in females.

Active transportation promotes energy expenditure 
[31]. Transportation mode can also influence obesity [32, 
33]. We found overweight/obesity was associated with 
transportation mode. Active transportation decreased 
the risk of overweight/obesity in men but not in women. 
According to the research of Gong et al. [18], female trav-
el time was shorter than that of males. This may be due to 
insufficient walking/cycling intensity or distances, i.e., 
not enough to prevent obesity.

Sitting time is considered an independent risk factor for 
overweight and obesity [34, 35]. Work sitting time and lei-
sure sitting time are two important components of sitting 
time. Work sitting time had been found to be associated with 
overweight/obesity in men [24]. Our study also showed long 
work sitting time was associated with a higher risk of over-
weight/obesity in men but not in women. Long leisure sit-
ting time was a risk factor for overweight/obesity in another 
study [35], but our study did reveal this association. The 
possible explanation could be that leisure sitting time con-
tributed less to overall sitting time than work sitting time.

Although several previous studies had reported an in-
verse association between housework and obesity [36, 
37], results from the British Women’s Heart and Health 
Study showed that heavy housework was not associated 
with reduced levels of being overweight [38]. Our study 
did not find the association of housework time with over-
weight/obesity. Perhaps as technology has progressed, 
the use of electric stoves, washing machines, dishwashers, 
and vacuum cleaners has led people to expend less energy 
while doing housework [39].

Our study showed the prevalence of overweight/obe-
sity among the occupational population of 41.3% (based 
on the WGOC definition) in 2012. Compared with 2002, 
the prevalence of overweight/obesity among Chinese oc-
cupational groups thus increased by 13.1% [7]. Increasing 
overweight and obesity have now become a major public 
health issue in the occupational population. There is a 
need for policy-makers to pay attention to the overweight 
and obesity in Chinese occupational populations and to 
develop relevant intervention strategies.
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Our research is important for the development of these 
strategies. The major strength of our study was that the 
sample was nationally representative, so the results reflect 
the association of physical activity domains and seden-
tary behaviors with overweight/obesity in Chinese occu-
pational populations. There were some limitations, how-
ever. First, physical activity and sedentary behaviors were 
self-reported, which can lead to recall bias. Second, this 
study did not adjust for the effects of energy intake on 
overweight/obesity.

Occupation activity intensity, LTPA, transportation 
mode, and work sitting time were found to be associated 
with overweight/obesity. Reducing work sitting time, a 
moderate and heavy occupation activity intensity, and an 
active transportation mode could help male employees 
decrease the risk of overweight/obesity. Increasing LTPA 
could decrease the risk of overweight/obesity in women. 
It is very necessary to carry out workplace-based inter-
ventions, have an active transportation mode, and in-
crease LTPA to decrease the risks of overweight/obesity.
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