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Abstract: Background: Since 1980s migrant peasant workers in China have migrated from rural areas to urban 
areas to seek for employment opportunities. More and more of migrant peasant workers’ children accompanied 
their parents to the cities and became another special population in modern Chinese urban areas. This study aimed 
to discuss the association between socioeconomic and lifestyle behavioral factors and obesity or thinness ,among 
rural, migrant peasant workers’ and urban children, with a special focus on migrant peasant workers’ children. 
Methods: We conducted a cross-sectional study among 2457 children and adolescents aged 7-12 years old, includ-
ing 914 migrant peasant workers’ subjects, 795 subjects of Shanghai citizens and 748 subjects from immigrant 
original rural areas (Anhui province). Physique measurements and self-reported information on socioeconomic fac-
tors, lifestyle habits were collected by the questionnaire. SPSS18.0 was used in the analysis. Results: This study 
indicated that the average value of BMI among migrant peasant workers’ children, was higher than that of rural 
children, but lower than that of children of citizens of Shanghai City, except for 7 to 9-year-old girls. Thinness was 
highly prevalent among rural children, while overweight or obesity was largely observed among children of citizens 
of Shanghai City. Moreover, the results showed that the prevalence of overweight or obesity among migrant peas-
ant workers’ children was much higher than that of rural children. It was found that overweight or obese children 
were more likely to have parents with higher education levels, have higher family monthly income, and have less 
physical education class per week. Thin children were more likely to have parents with lower education levels, have 
lower family monthly income, and have less physical education class per week. Conclusion: Our study revealed that 
the prevalences of overweight or obesity among migrant peasant workers’ and Shanghai Citizens’ children were 
relatively high, while there was a high prevalence of thinness among rural children. Socioeconomic and lifestyle 
behavioral factors were the risk factors related to body shape among migrant peasant workers’ children.
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Introduction

The worldwide prevalence of the childhood 
overweight and obesity has increased dramati-
cally in recent years. A number of studies have 
shown that children of low socioeconomic sta-
tus are more likely to be overweight and obese 
[1-3]. In contrast, however, in China, children 
with high socioeconomic status living in urban 
areas were more likely to be overweight and 
obese than those living in rural areas. About 8% 
of children aged 10-12 years in China’s cities 

were considered to be obese and an additional 
15% were classified as overweight. In rural 
areas, 28% of children were malnourished and 
19.5% were underweight according to the 2012 
Education Ministry data [4]. Many studies have 
shown that immigrant children with low socio-
economic status, limited health care access 
and poor lifestyle behaviors, have a higher prev-
alence of overweight and obesity than native-
born children [5-7]. In China, since the Reform 
and Opening-Up Policy in 1978, the term 
“migrant peasant workers” has referred to 
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those who migrate from the rural areas to urban 
areas, in order to seek for employment oppor-
tunities. Most of migrant peasant workers’ chil-
dren accompany their parents to the cities. The 
number of migrant peasant workers’ children 
aged less than 14 years old was estimated at 
15 million, and about 530,000 of those chil-
dren were in Shanghai City in 2012 [4]. Migrant 
peasant workers with rural household registra-
tion are not entitled to city subsidies, such as 
life employment, medical insurance, housing, 
social security and pensions [8]. These may 
greatly impact on the health status of migrant 
peasant workers’ children. Many studies have 
showed that migrant peasant workers’ children 
have poorer growth status compared to chil-
dren of urban citizens [9, 10]. In our previous 
study, we have found that the physiques of 
migrant peasant workers’ children were bigger 
than that of children in rural areas and there 
were strong correlations between physiques 
and socioeconomic factors [11]. Moreover, chil-
dren with poor growth status were more likely 
to be facing poor socioeconomic factors [12]. 
However, the previously published studies on 
the health status of migrant peasant workers’ 
children didn’t systematically investigate the 
issue of which factors determined thinness or 
obesity. Therefore, the goal of the present study 
was to evaluate the shape of migrant peasant 
workers’ children compared to rural and urban 
children ,while taking socioeconomic and life-
style factors into account.

Methods

Study design

This study was a cross-sectional survey of chil-
dren aged 7-12 years old in Shanghai City and 
Anhui Province, China.

Study subjects 

We conducted a cross-sectional study from 
May to July 2011 in Wuhu city of Anhui province 
and Shanghai city respectively. Anhui province 
was the origin of the greatest number of mig- 
rant peasant workers in Shanghai city [13]. 
Participants included two urban groups in 
Shanghai City and one rural group in Anhui 
province. Each group consisted of school chil-
dren from two primary schools. A total of 4,132 
students were recruited as possible partici-
pants. Students who were absent during the 
physical measurement session or did not  

complete questionnaires were excluded. The 
final samples included 748 rural children  
(group RUR), 914 migrant peasant workers’ 
children (group MPW) and 795 urban children 
whose parents were citizens of Shanghai City 
(group CSH). The research plan was appro- 
ved by the Ethical Committee of College of 
Physical Education & Health, East China  
Normal University. 

Data collection

The questionnaire in the study included chil-
dren’s parental occupation and education, the 
guardian’s cognition of health, the children’s liv-
ing environment and family status, the chil-
dren’s learning and living conditions, children’s 
health status and children’s lifestyle of diet. We 
distributed the questionnaires to each school 
with the principal’s consent. The question-
naires were handed out to the children and col-
lected by the teachers who were in charge of 
each class. Every child was asked to complete 
the questionnaire by consulting with his parent 
or guardian at home.

Anthropometric measurements 

Height and weight were measured by trained 
investigators. Boys were measured wearing 
underpants only, girls wore a t-shirt and a pair 
of light trousers; No subject wore shoes. Height 
was measured against metal column scales, 
knees not bent, arms at sides, shoulders 
relaxed, feet flat on the floor, and recorded to 
the nearest 0.1 cm. Sitting heights were mea-
sured sitting against metal column scales, and 
recorded to the nearest 0.1 cm. Weighing was 
done on platform scales and recorded to the 
nearest 0.1 kg. Body mass index (BMI) was cal-
culated using formula: BMI equals weight (kg)/
height (m2). 

Analytical framework and statistical analyses

First, we analyzed the differences of average 
BMI value among the three groups (RUR, MPW, 
CSH) by ANOVA. Second, thinness, overweight 
and obesity were defined using age and sex-
specific BMI cut-off points developed by the 
Working Group for Obesity in China (WGOC) ref-
erences [14]. WGOC derived sex and age-spe-
cific BMI cut-offs for 7-18-year-old school chil-
dren from height and weight data, collected in 
the 2000 Chinese National Survey on Stude- 
nts Constitution and Health (CNSSCH) with 
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[19]. Chi-square analyses were used to test the 
differences between categorical variables and 
BMI status. Logistic regression was applied to 
analyze the association between children’s 
shape and socioeconomic and lifestyle behav-
ioral factors among migrant peasant workers’ 
children. All statistical analyses were per-
formed using the Statistical Package for the 
Social Science (SPSS), version 18.0.

Results

A comparison of average BMI value among the 
three groups is presented in Figure 1. There 
were significant differences across both boys 
and girls (P<0.001). The average BMI value of 
group MPW was significantly lower than that of 
group CSH except for girls aged 7-9 years. 
Across all ages and regardless of gender, The 
average BMI value of group MPW was higher 
than that of group RUR. 

Table 1 presents the frequencies and propor-
tions of weight status among three groups 
(RUR, MPW, CSH), each group was classified  

216,620 subjects throughout China, using 
below the 15th percentile to define thinness, 
and above the 85th percentile to do overweight 
or obesity [14]. Third, chi-square tests were 
used to examine the differences in the propor-
tion of socioeconomic and lifestyle behavioral 
factors in each group (RUR, MPW, CSH). Finally, 
logistic regression analyses were applied to 
analyze socioeconomic and lifestyle behavioral 
factors associated with thinness or obesity 
among children. 

Many studies reported that there existed the 
associations between children’s overweight or 
obese status and family socioeconomic and 
lifestyle factors [15-18]. Therefore, in the pres-
ent study, we selected parental education and 
family monthly income as indices of socioeco-
nomic status, three items of regarding chil-
dren’s living habits were taken as lifestyle 
behavioral factors. The socioeconomic factors 
were reclassified as follows: (i) education: pri-
mary school or lower, junior high school, senior 
high school, college or higher; (ii) family month-
ly income (yuan): ≤2000, 2001-5000, 5001≤ 

Table 1. Distribution of the demographic characteristics of thinness, normal-weight and overweight or 
obesity among three groups by sex

<P15 P15~P85 P85< F P Total

Boys
    Group 116.98 <0.001
        Rural resident 246 (56.2) 175 (40.0) 17 (3.9) 438 (100)
        Migrant peasant worker 84 (15.1) 375 (67.3) 98 (17.6) 557 (100)
        Citizen in Shanghai city 58 (14.4) 232 (57.6) 113 (28.0) 403 (100)
Girls
    Group 83.61 <0.001
        Rural resident 153 (49.4) 150 (48.4) 7 (2.3) 310 (100)
        Migrant peasant worker 49 (13.7) 255 (71.4) 53 (14.8) 357 (100)
        Citizen in Shanghai city 69 (17.6) 234 (59.7) 89 (22.7) 392 (100)
Note: ※<P15 was defined as thinness, P15~P85 as normal-weight, P85< as overweight or obesity.

Figure 1. Comparisons of average BMI value among three groups.
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Table 2. Distribution of the demographic characteristics of thinness, normal-weight and overweight or obesity among three groups by age and 
sex 

Rural resident Migrant peasant worker Citizen in Shanghai city

<P15 P15~P85 P85< P Total <P15 P15~P85 <P85 P Total <P15 P15~P85 P85< P Total
Boys

    Age (years) <0.05 <0.05 ns

        7 13 (36.1) 22 (55.6) 3 (8.3) 36 (100) 10 (15.6) 47 (73.4) 7 (10.9) 64 (100) 8 (16.0) 31 (62.0) 11 (22.0) 50 (100)

        8 38 (57.6) 28 (42.4) 0 (0) 66 (100) 13 (11.7) 85 (76.6) 13 (11.7) 111 (100) 6 (10.3) 35 (60.3) 17 (29.3) 58 (100)

        9 47 (62.7) 27 (36.0) 1 (1.3) 75 (100) 17 (13.7) 83 (66.9) 24 (19.4) 124 (100) 14 (17.9) 44 (56.4) 20 (25.6) 78 (100)

        10 44 (54.3) 28 (34.6) 9 (11.1) 81 (100) 11 (12.4) 60 (67.4) 18 (20.2) 89 (100) 18 (16.4) 54 (49.1) 38 (34.5) 110 (100)

        11 57 (58.2) 39 (39.8) 2 (2.0) 98 (100) 22 (19.5) 72 (63.7) 19 (16.8) 113 (100) 10 (12.8) 49 (62.8) 19 (24.4) 78 (100)

        12 47 (57.3) 33 (40.2) 2 (2.4) 82 (100) 11 (19.6) 28 (50.0) 17 (30.4) 56 (100) 2 (6.9) 19 (65.5) 8 (27.6) 29 (100)

Girls

    Age (years) <0.05 <0.05 ns

        7 9 (23.7) 29 (76.3) 0 (0) 38 (100) 4 (9.3) 29 (23.3) 10 (23.3) 43 (100) 5 (10.0) 33 (66.0) 12 (24.0) 50 (100)

        8 18 (58.1) 13 (41.9) 0 (0) 31 (100) 12 (16.9) 42 (59.2) 17 (23.9) 71 (100) 10 (17.5) 33 (57.9) 14 (24.6) 57 (100)

        9 19 (42.2) 25 (55.6) 1 (2.2) 45 (100) 3 (3.8) 67 (83.8) 10 (12.5) 80 (100) 15 (16.9) 58 (65.2) 16 (18.0) 89 (100)

        10 43 (60.6) 28 (39.4) 0 (0) 71 (100) 19 (16.0) 49 (67.1) 5 (6.8) 73 (100) 22 (22.9) 52 (54.2) 22 (22.9) 96 (100)

        11 33 (43.4) 39 (51.3) 4 (5.3) 76 (100) 8 (12.9) 46 (74.2) 8 (12.9) 62 (100) 13 (18.3) 42 (59.2) 16 (22.5) 71 (100)

        12 31 (63.3) 16 (32.7) 2 (4.1) 49 (100) 3 (10.7) 22 (78.6) 3 (10.7) 28 (100) 4 (13.8) 16 (55.2) 9 (31.0) 29 (100)
Note: ※<P15 was defined as thinness, P15~P85 as normal-weight, P85< as overweight or obesity.

Table 3. Socioeconomic and lifestyle status of thinness, normal-weight and overweight or obesity among the boys of three groups
Rural resident Migrant peasant worker Citizen in Shanghai city

<P15 P50~P85 P85< P Total <P15 P50~P85 P85< P Total <P15 P50~P85 P85< P Total
Socioeconomic factors

    Parental education levels

        Father ns ns <0.05

            Primary school or lower 90 (58.8) 58 (37.9) 5 (3.3) 153 (100) 17 (14.2) 77 (64.2) 26 (21.7) 120 (100) 1 (10.0) 7 (70.0) 2 (20.0) 10 (100)

            Junior high school 119 (54.8) 89 (41.0) 9 (4.1) 217 (100) 43 (16.5) 173 (66.3) 45 (17.2) 261 (100) 19 (18.8) 60 (59.4) 22 (21.8) 101 (100)

            Senior high school 18 (46.2) 19 (48.7) 2 (5.1) 39 (100) 19 (17.6) 77 (71.3) 12 (11.1) 108 (100) 15 (9.6) 92 (58.6) 50 (31.8) 157 (100)

            College or higher 5 (55.6) 4 (5.3) 0 (0) 9 (100) 3 (7.0) 31 (72.1) 9 (20.9) 43 (100) 19 (16.7) 60 (52.6) 35 (30.7) 114 (100)

        Mother <0.05 ns ns

            Primary school or lower 135 (59.2) 88 (38.6) 5 (2.2) 228 (100) 37 (16.7) 149 (67.1) 36 (16.2) 222 (100) 2 (6.1) 20 (60.6) 11 (33.3) 33 (100)

            Junior high school 85 (54.1) 67 (42.7) 5 (3.2) 157 (100) 24 (12.6) 130 (68.1) 37 (19.4) 191 (100) 30 (21.1) 80 (56.3) 32 (22.5) 142 (100)

            Senior high school 10 (40.0) 10 (40.0) 5 (20.0) 25 (100) 13 (15.9) 53 (64.6) 16 (19.5) 82 (100) 14 (11.3) 71 (57.3) 39 (31.5) 124 (100)

            College or higher 3 (60.0) 2 (40.0) 0 (0) 5 (100) 4 (9.8) 32 (78.0) 5 (12.2) 41 (100) 11 (11.7) 54 (57.4) 29 (30.9) 94 (100)

    Family monthly income <0.05 ns ns

        ≤2000 124 (57.9) 83 (38.8) 7 (3.3) 214 (100) 18 (11.8) 109 (71.7) 25 (16.4) 152 (100) 9 (18.8) 22 (45.8) 17 (35.4) 48 (100)
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        2001-5000 50 (46.7) 49 (45.8) 8 (7.5) 107 (100) 35 (16.4) 146 (68.5) 32 (15.0) 213 (100) 21 (14.9) 83 (58.9) 37 (26.2) 141 (100)

        5001≤ 17 (68.0) 8 (32.0) 0 (0) 25 (100) 24 (16.2) 29 (19.6) 95 (64.2) 148 (100) 26 (13.5) 116 (60.4) 50 (26.0) 192 (100)

Lifestyle factors

    Physical education class (times/week) ns ns ns

        Once or fewer 100 (53.5) 77 (41.2) 10 (5.3) 187 (100) 4 (18.2) 13 (59.1) 5 (22.7) 22 (100) 1 (6.7) 11 (73.3) 3 (20.0) 15 (100)

        Twice 75 (56.0) 55 (41.0) 4 (3.0) 134 (100) 73 (14.9) 328 (67.1) 88 (18.0) 489 (100) 6 (20.7) 16 (55.2) 7 (24.1) 29 (100)

        Three times or higher 62 (63.3) 34 (34.7) 2 (2.0) 98 (100) 3 (10.7) 21 (75.0) 4 (14.3) 28 (100) 48 (14.0) 198 (57.6) 98 (28.5) 344 (100)

    Duration of playing computer games or watching TV (h/day) ns ns ns

        Do not play or watch 33 (61.1) 21 (38.9) 0 (0) 54 (100) 8 (16.0) 32 (64.0) 10 (20.0) 50 (100) 6 (17.6) 21 (61.8) 7 (20.6) 34 (100)

        Less than 1 hour 158 (56.0) 110 (39.0) 14 (5.0) 282 (100) 63 (15.1) 285 (68.5) 68 (16.3) 416 (100) 44 (14.5) 174 (57.4) 85 (28.1) 303 (100)

        More than 1 hour 45 (55.6) 35 (43.2) 1 (1.2) 81 (100) 11 (15.3) 44 (61.1) 17 (23.6) 72 (100) 7 (14.3) 26 (53.1) 16 (32.7) 49 (100)

    Having many food like or dislike <0.001 ns ns

        Many 93 (62.0) 55 (36.7) 2 (1.3) 150 (100) 14 (14.0) 72 (72.0) 14 (14.0) 100 (100) 19 (13.8) 84 (60.9) 35 (25.4) 138 (100)

        General 46 (43.4) 49 (46.2) 11 (10.4) 106 (100) 34 (12.5) 190 (69.9) 48 (17.6) 272 (100) 13 (10.2) 74 (58.3) 40 (31.5) 127 (100)

        Few 92 (58.2) 63 (39.9) 3 (1.9) 158 (100) 31 (19.1) 98 (60.5) 33 (20.4) 162 (100) 18 (14.6) 68 (55.3) 37 (30.1) 123 (100)
Note: ※<P15 was defined as thinness, P15~P85 as normal-weight, P85< as overweight or obesity.

Table 4. Socioeconomic and lifestyle behavior’s status of thinness, normal-weight and overweight or obesity among the girls of three groups
Rural resident Migrant peasant worker Citizen in Shanghai city

<P15 P50~P85 P85< P Total <P15 P50~P85 P85< P Total <P15 P50~P85 P85< P Total
Socioeconomic factors

    Parental education levels

        Father ns ns <0.05

            Primary school or lower 45 (47.4) 49 (51.6) 1 (2.3) 95 (100) 12 (16.2) 49 (66.2) 13 (17.6) 74 (100) 0 (0) 6 (100.0) 0 (0) 6 (100)

            Junior high school 82 (49.7) 78 (47.3) 5 (3.0) 165 (100) 25 (16.3) 111 (72.5) 17 (11.1) 153 (100) 11 (12.6) 55 (63.2) 21 (24.1) 87 (100)

            Senior high school 13 (50.0) 12 (46.2) 1 (3.8) 26 (100) 8 (9.9) 58 (71.6) 15 (18.5) 81 (100) 31 (19.9) 87 (55.8) 38 (24.4) 156 (100)

            College or higher 8 (80.0) 2 (20.0) 0 (0) 10 (100) 1 (3.0) 25 (75.8) 7 (21.2) 33 (100) 25 (18.7) 82 (61.2) 27 (20.1) 134 (100)

        Mother ns ns ns

            Primary school or lower 81 (49.7) 78 (47.9) 4 (2.5) 163 (100) 23 (13.9) 118 (71.5) 24 (14.5) 165 (100) 2 (9.5) 14 (66.7) 5 (23.8) 21 (100)

            Junior high school 46 (43.8) 57 (54.3) 2 (1.9) 105 (100) 20 (17.2) 82 (70.7) 14 (12.1) 116 (100) 17 (12.4) 91 (66.4) 29 (21.2) 137 (100)

            Senior high school 17 (68.0) 7 (28.0) 1 (4.0) 25 (100) 4 (8.3) 32 (66.7) 12 (25.0) 48 (100) 25 (23.8) 56 (53.3) 24 (22.9) 105 (100)

            College or higher 3 (50.0) 0 (0) 3 (50.0) 6 (100) 0 (3.0) 19 (90.5) 2 (9.5) 21 (100) 20 (17.4) 67 (58.3) 28 (24.3) 115 (100)

    Family monthly income ns ns ns

        ≤2000 73 (47.7) 76 (49.7) 4 (2.6) 153 (100) 17 (14.7) 85 (73.3) 14 (12.1) 116 (100) 6 (16.2) 25 (67.6) 6 (16.2) 37 (100)

        2001-5000 33 (55.0) 26 (43.3) 1 (1.7) 60 (100) 18 (13.1) 25 (18.2) 94 (68.6) 137 (100) 19 (16.5) 60 (52.2) 36 (31.3) 115 (100)

        5001≤ 11 (68.8) 5 (31.3) 0 (0) 16 (100) 10 (14.5) 50 (72.5) 9 (13.0) 69 (100) 40 (18.5) 135 (62.5) 41 (19.0) 216 (100)

Lifestyle behavioral factors

    Physical education class (times/week) ns ns ns
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        Once or fewer 58 (45.5) 67 (51.9) 4 (3.1) 129 (100) 1 (7.1) 10 (71.4) 3 (21.4) 14 (100) 2 (15.4) 9 (69.2) 2 (15.4) 13 (100)

        Twice 52 (50.0) 49 (47.1) 3 (2.9) 104 (100) 44 (13.6) 233 (72.1) 46 (14.2) 323 (100) 3 (18.8) 9 (56.3) 4 (25.0) 16 (100)

        Three times or higher 37 (56.1) 29 (43.9) 0 (0) 66 (100) 4 (25.0) 9 (56.3) 3 (18.8) 16 (100) 63 (17.5) 214 (59.6) 82 (22.8) 359 (100)

    Duration of playing computer games or watching TV (h/day) ns ns ns

        Do not play or watch 14 (48.3) 15 (51.7) 0 (0) 29 (100) 7 (25.9) 19 (70.4) 1 (3.7) 27 (100) 7 (17.5) 21 (52.5) 12 (30.0) 40 (100)

        Less than 1 hour 98 (45.0) 114 (52.3) 6 (2.8) 218 (100) 35 (11.9) 212 (72.4) 46 (15.7) 293 (100) 54 (17.4) 190 (61.3) 66 (21.3) 310 (100)

        More than 1 hour 31 (63.3) 17 (34.7) 1 (2.0) 49 (100) 6 (20.0) 19 (63.3) 5 (16.7) 30 (100) 8 (22.9) 17 (48.6) 10 (28.6) 35 (100)

    Having many food like or dislike <0.001 ns ns

        Many 37 (50.7) 35 (47.9) 1 (1.4) 73 (100) 8 (15.4) 39 (75.0) 5 (9.6) 52 (100) 19 (18.8) 65 (64.4) 17 (16.8) 101 (100)

        General 58 (49.2) 56 (47.5) 4 (3.4) 118 (100) 29 (14.6) 140 (70.7) 29 (14.6) 198 (100) 21 (15.1) 76 (54.7) 42 (30.2) 139 (100)

        Few 542 (47.8) 57 (50.0) 2 (1.8) 113 (100) 11 (11.0) 71 (71.0) 18 (18.0) 100 (100) 29 (19.7) 88 (59.9) 30 (20.4) 147 (100)
Note: ※<P15 was defined as thinness, P15~P85 as normal-weight, P85< as overweight or obesity.
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as 3 subgroups (<P15 was defined as thinness, 
P15~P85 as normal, P85< as overweight or obe-
sity). Irrespective of sex, there were significant 
differences among three groups (RUR, MPW, 
CSH) according to chi-square tests (P<0.001). 
For boys, the high prevalence of thinness was 
56.2% in group RUR , the pvevalence of over-
weight or obesity was 17.6% in group MPW, 
28.0% in group CSH. The prevalence of over-
weight or obesity in group MPW was close to 
group CSH. For girls, the high prevalence of 
thinness was 49.4% in group RUR ,the pveva-
lence of overweight or obesity’s was 14.8% in 
group MPW, 22.7% in group CSH. Similarly, the 
pvevalence of overweight or obesity in group 
MPW was close to group CSH.

Table 2 shows the distribution of demographic 
characteristics of thinness, normal-weight and 
overweight or obesity among three groups by 
age and sex. Thinness was descending in the 
order of group RUR, MPW and CSH. In contrast, 
overweight or obesity increased in the order of 
group RUR, MPW and CSH for all age. In the 
group MPW, a high proportion of overweight or 
obese children included 12-year-old boys 
(30.4%) and 8-year-old girls (23.9%). In the 
group RUR, a high proportion of thinness 
included 9-year-old boys (62.7%) and 12-year-
old girls (63.3%). In the group CSH, a high pro-
portion of overweight or obese children includ-
ed 8-year-old boys (29.3%) and 12-year-old 
girls (31.0%).

Table 3 presents the differences in socioeco-
nomic and lifestyle factors among the boys of 
overweight or obesity, thinness and normal-

weight or obesity (18.9%) ,when the children 
had lived in Shanghai for more than five years.

Figure 2 presents comparisons of average BMI 
value among children with different durations 
of living in Shanghai. Across all ages, children’s 
average BMI value tended to increase ,as the 
durations of living in Shanghai became longer.

Table 6 shows the results of logistic regression 
analyses of selected socioeconomic factors 
and lifestyle behaviors’ factors among migrant 
peasant workers’ children. Children whose 
fathers’ education levels were low were signifi-
cantly more likely to be thinness (Primary 
school or lower: OR=2.24, 95% CI=1.59-3.18; 
Junior high school: OR=1.77, 95% CI=1.29-
2.43), and less likely to be overweight or obese 
(Primary school or lower: OR=0.50, 95% 
CI=0.33-0.75; Junior high school: OR=0.55, 
95% CI=0.40-0.76), compared with children 
whose fathers had college education or higher. 
Similarly, children whose mothers’ education 
levels were low were significantly more likely to 
be thinness (Primary school or lower: OR=2.59, 
95% CI=1.79-3.75; Junior high school: OR=1.89, 
95% CI=1.30-2.75; senior high school: OR= 
1.57, 95% CI=1.03-2.39), and significantly less 
likely to be overweight or obese (Primary school 
or lower: OR=0.50, 95% CI=0.35-0.73; Junior 
high school: OR=0.65, 95% CI=0.46-0.92; 
senior high school OR=0.96, 95% CI=0.81-
1.70), compared with children whose mothers’ 
education levels were college or higher. 
Regarding family income, compared with family 
monthly income of 5001≤, children with lower 
family monthly income were significantly more 

Table 5. Difference of duration of living in Shanghai of thinness, 
normal-weight and overweight or obesity among migrant peas-
ant workers’ children

<P15 P15~P85 P85< F P Total

Duration of living in Shanghai (years)
    Boys 4.59 ns
        <3 17 (12.4) 97 (70.8) 23 (16.8) 137 (100)
        3~5 24 (14.0) 119 (69.2) 29 (16.9) 172 (100)
        5< 43 (17.3) 159 (64.1) 46 (18.5) 248 (100)
    Girls 5.56 <0.005
        <3 17 (17.3) 71 (72.4) 10 (10.2) 98 (100)
        3~5 13 (11.3) 186 (74.8) 16 (13.9) 115 (100)
        5< 19 (13.3) 97 (67.8) 27 (18.9) 143 (100)
Note: ※<P15 was defined as thinness, P15~P85 as normal-weight, P85< as 
overweight or obesity.

weight. There were high pro- 
portions of thinness with all of 
the socioeconomic and lifestyle 
items in group RUR. However, 
there were relatively high propor-
tions of overweight or obesity 
with all socioeconomic and life-
style items in both group MPW 
and CSH. With regard to girls,  
the results yielded almost the 
same as boys (Table 4).

Table 5 presents the difference 
of duration of living in Shanghai 
with different BMI status in group 
MPW. There were significant dif-
ferences among girls (P<0.005), 
with a high proportion of over-
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Figure 2. Comparisons of average BMI value among different duration of living in Shanghai.

Table 6. Results of logistic regression analyses of Selected Socioeconomic factors and Lifestyle be-
havioral factors for overweight or obesity and thinness among migrant peasant workers’ children

Socioeconomic and lifestyle behaviors’ factors
P85< <P15

OR 95% CI OR 95% CI
Socioeconomic factors
    Parental education levels
        Father
            Primary school or lower 0.50※ (0.33-0.75) 2.24※ (1.59-3.18)
            Junior high school 0.55※ (0.40-0.76) 1.77※ (1.29-2.43)
            Senior high school 0.90 (0.64-1.25) 1.01 (0.70-1.45)
            College or higher 1 - 1 -

        Mother
            Primary school or lower 0.50※ (0.35-0.73) 2.59※ (1.79-3.75)
            Junior high school 0.65※ (0.46-0.92) 1.89※ (1.30-2.75)
            Senior high school 0.96※ (0.81-1.70) 1.57※ (1.03-2.39)
            College or higher 1 1
    Family monthly income
        ≤2000 0.58※ (0.42-0.80) 1.97※ (1.53-2.54)
        2001-5000 0.96 (0.73-1.27) 1.23 (0.94-1.60)
        5001≤ 1 1
Lifestyle behavioral factors
    Physical education class (times/week)
        Once or fewer 2.89※ (1.86-3.56) 1.56※ (1.59-2.69)
        Twice 1.34 (0.94-1.70) 1.28 (0.69-1.57)
        Three times or higher 1 1
    Duration of playing computer games or watching TV (h/day)
        Do not play or watch 0.74 (0.44-1.22) 0.86 (0.59-1.25)
        Less than 1 hour 0.83 (0.59-1.17) 0.61 (0.47-0.80)
        More than 1 hour 1 1
    Having many food like or dislike
        Many 0.36 (0.12-0.76) 1.58 (0.81-1.93)
        General 0.78 (0.56-1.23) 1.26 (0.96-1.67)
        Few 1 1
Note: ※<P15 was defined as thinness, P15~P85 as normal-weight, P85< as overweight or obesity, P15~P85 was set as reference 
※P<0.05.

likely to be thinness (≤2000: OR=1.97, 95% 
CI=1.53-2.54; 2001-5000: OR=1.23, 95% 

CI=0.94-1.60), on the contrary, children with 
higher family monthly income were significantly 
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more likely to be overweight or obese 
(≤2000:OR=0.58, 95% CI=0.42-0.80; 2001-
5000: OR=0.96, 95% CI=0.73-1.27). As for the 
lifestyle behavioral factors, children who 
received less physical education class (time 
per week) were more likely to be thinness (once 
or fewer: OR=1.89, 95% CI=1.59-2.69). 
Similarly, children who had less physical educa-
tion class time per week were more likely to be 
overweight or obese (once or fewer: OR=2.89, 
95% CI=1.86-3.56).

Discussion 

This study showed that the average BMI value 
of group MPW was higher than that of group 
RUR and lower than group CSH except for 7 to 
9-year-old girls. Thinness was highly prevalent 
in group RUR, while overweight or obesity was 
largely observed in group CSH. Moreover, the 
results showed that the prevalence of over-
weight or obesity in group MPW was much high-
er than group RUR. We also found that over-
weight or obese children were more likely to 
have parents with higher education levels, have 
higher family monthly income, and have less 
physical education class per week. Thin chil-
dren were more likely to have parents with 
lower education levels, have lower family 
monthly income, and have less physical educa-
tion class per week.

Migrant peasant workers’ wages afforded them 
a higher quality of consumer goods and life-
style that was unavailable to most children liv-
ing in rural areas, migrant peasant workers 
migrated from rural areas to urban areas, this 
immigration improved their family income, 
according to Chinese government data [4]. 
Although migrant peasant workers’ family 
income was improved by the immigration, it 
was still much lower than group CSH [4]. In our 
data, family monthly income was high in 
ascending order of group RUR, MPW and CSH. 
It led to children’s average BMI value in the 
same ascending order of result (RUR<MPW 
<CSH). Yan Z has reported the same result that 
3245 migrant peasant workers’ children aged 
7-12 years old had lower average BMI value 
than urban children, and higher than children 
living in rural areas where migrant peasant 
workers’ children came from, after observing 
adjustment by family income in 2005 in 
Hangzhou, China [20].

We also found that there were high prevalence 
of thinness in group RUR and high prevalence 

of overweight or obesity in group CSH. Several 
studies showed that there were differences of 
children’s growth status between rural and 
urban areas, only 0.25% of children under six 
years old were observed as being undernour-
ished in Beijing in 2007; whereas the preva-
lence of stunting was 21.2% among chidren of 
some rural areas in Yunnan province during the 
same period [21-24]. With the rapid develop-
ment of China’s national economy, living stan-
dards have been greatly elevated. Rural chil-
dren’ health status have improved, however, 
the great majority of rural children are still in 
the stunted or undernourished growth, and low 
family income is one of the important reasons 
[25]. In stark contrast, in the most developed 
metropolitan areas of China, 8% of children 
aged 10-12 years in China’s cities are consid-
ered to be obese and an additional 15% are 
overweight [4]. Urban children with poor life-
style behaviors are more likely to be overweight 
or obese [26, 27].

In the present study, we found thin children 
were more likely to have fathers with lower lev-
els of education, while overweight or obese 
children were more likely to have fathers with 
higher levels of education. Fathers with lower 
levels of education had less resources to pro-
mote health in their children and it was difficult 
to prevent disease [28]. Moreover, parents with 
lower levels of education may also have a poor-
er standard of living and health-related behav-
iors, which had a direct influence on their chil-
dren [29]. Our results also showed that fathers’ 
higher education levels was correlated with 
their children’s overweight or obesity. Several 
previous studies have also showed the relation-
ship of weight, high education and high income 
in China [30, 31]. Family income influenced the 
ability to purchase foods ,and had an impact on 
a child’s weight. Influenced by outdated rural 
Chinese convention, migrant peasant workers 
may provide much more meat than vegetables 
for their children, which was suggested as one 
of the most important reasons of excessive 
childhood weight.

We found that thin children were more likely to 
have mothers with lower education levels, while 
overweight or obese children were more likely 
to have mothers with higher education levels. A 
substantial amount of evidence existed regard-
ing the link between maternal education and 
child development [32-34]. Maternal education 
levels had been recognized as a key determi-
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nant of child growth through a number of path-
ways, such as acquireing better health nutri-
tional knowledge and practices, improving 
access and use of information, and improving 
self-confidence and decision-making ability 
[35, 36]. This could explain correlation between 
lower maternal education levels and thinness 
of child, because mothers with low education 
levels lacked health knowledge and had poor 
lifestyle behaviors. In contrast, we also found 
that overweight or obese children were more 
likely to have highly educated mothers. A major 
finding of our study is that there are strongly 
associations between parental education lev-
els and family income.

A substantial amount of evidences existed 
regarding the relationship between family inc- 
ome and child development [37, 38]. Children 
with low family income had stunted growth or 
were underweight because of insufficient calo-
ries and poor quality of food [39, 40], the pres-
ent study indicatedthat thin children were more 
likely to have lower family income. Inversely, 
many studies showed that high family income 
was a risk factor of overweight or obesity 
among children in developing countries [41-
43]. It is thought that health knowledge has 
lagged among children and their guardians 
since the implementation of China’s one-child 
policy [44, 45]. Our results corroborate that 
higher family income is a risk factor for children 
to be overweight or obese.

We found that thin children were more likely to 
spend less time on physical education classes 
each week. Moderate physical activity among 
children was beneficial for their growth. In fact, 
exercise in childhood was ritical for maximizing 
bone growth and preventing osteoporosis in 
later years. Physical activity represents a major 
mechanical loading factor for bone through a 
combination of growth (determining bone size), 
modelling (deter-mining the shape of bone) and 
remodeling (maintaining the functional compe-
tence of bone) [46].

We also found that overweight or obese chil-
dren were more likely to have once or fewer 
physical education classes each week. 
Numerous studies revealed that physical activ-
ity could help to reduce childhood obesity and 
increase energy expenditure [47-50]. In addi-
tion, physical activity had beneficial effects 
with an increased reliance on fat [51]. This find-
ing was consistent with previous studies. 

Physical education classes played an impor-
tant role for school children to meet their physi-
cal exercise needed [52].

Our study had several limitations. First, we 
could not select participants from every prov-
ince that migrant peasant workers in Shanghai 
City came from. Therefore, our data were not 
representative of migrant peasant workers’ 
children throughout the whole country. Second, 
although questionnaires were modified to make 
them easier to be understood, a few parents or 
guardians were still not able to accurately fill 
out some parts of the questionnaires. Third, it 
was possible that there could be some errors in 
physical measurement.

Conclusion 

In summary, our study provides preliminary evi-
dences that the average BMI value in the group 
MPW was higher than group RUR and was lower 
than group CSH except for girls aged 7-9 years. 
Thinness was found to be highly prevalent in 
group RUR, while high prevalence of overwei- 
ght or obesity was observed in group CSH, 
Moreover, the prevalence of overweight or obe-
sity in group MPW was much higher than group 
RUR. Among migrant peasant workers’ chil-
dren, we also found that overweight or obese 
children were more likely to have parents with 
higher education levels, have higher family 
monthly income, and have less physical educa-
tion classes per week. Thin children were more 
likely to have parents with lower education lev-
els, have lower family income monthly, and also 
have less physical education classes per week.

Acknowledgements 

We wish to thank the cohort study investigators 
from the Graduate School of Physical Education 
and Health, East China Normal University, 
Shanghai, China, specifically LQ Jia, B Lu and JJ 
Liu. This study was supported by Philosophy 
and Social Sciences Planning of Shanghai, 
China (2010BTY003).

Disclosure of conflict of interest

None.

Address correspondence to: Liu Ji, School of Phy- 
sical Education & Health, East China Normal Uni- 
versity, 500 Dong Chuan Road, Shanghai 200241, 
China. Tel: 86-21-54345481; E-mail: 747877843@
qq.com

mailto:747877843@qq.com
mailto:747877843@qq.com


Nutrition of chinese migrant peasant workers’ children

19621	 Int J Clin Exp Med 2016;9(10):19611-19622

References

[1]	 Wang YF and Zhang Q. Are American children 
and adolescents of low socioeconomic status 
at increased risk of obesity? Changes in the 
association between overweight and family in-
come between 1971 and 2002. Am J Clin Nutr 
2006; 84: 707-16.

[2]	 Danielzik S, Czerwinski M, Langnäse K, Dilba B 
and Müller MJ. Parental overweight, socioeco-
nomic status and high birth weight are the ma-
jor determinants of overweight and obesity in 
5-7 y-old children: baseline data of the Kiel 
Obesity Prevention Study. Int J Obes Relat 
Metab Disord 2004; 28: 1494-1502.

[3]	 Victor R, Christopher H, Jack O, Antony F and 
Anand K. Correlation between high risk obesity 
groups and low socioeconomic status in school 
children. South Med J 2007; 100: 8-13.

[4]	 China Educational Statistical Yearbook in 
2012. State Statistic Bureau 2013.

[5]	 Weiss R, Dziura J, Burgert TS, Tamborlane WV, 
Taksali SE, Yeckel CW, Allen K, Lopes M, Sa-
voye M, Morrison J, Sherwin RS and Caprio S. 
Obesity and the metabolic syndrome in chil-
dren and adolescents. N Engl Med 2004; 350: 
2362-2374.

[6]	 Biro FM, Huang B, Morrison JA, Horn PS and 
Daniels SR. Body mass index and waist-to-
height changes during teen years in girls are 
influenced by childhood body mass index. J 
Adolesc Health 2010; 46: 245-250.

[7]	 Wabitsch M. Overweight and obesity in Euro-
pean children: definition and diagnostic proce-
dures, risk factors and consequences for later 
health outcome. Eur J Pediatr 2000; 159 Sup-
pl 1: S8-S13.

[8]	 Solinger D. Contesting citizenship in urban 
China. Peasant migrants, the state, and the 
logic of the market. Berkeley: University of Cali-
fornia Press; 1999.

[9]	 Zhang ZS, Lu QZ, Liu HL, Xu JX, Jiang BF and Xu 
YH. The health status and common disease 
among migrant peasant worker’s children in 
primary school of Chang Nin district in Shang-
hai. Shanghai Journal of Prevention Medicine 
2005; 17: 70-71.

[10]	 Yin XJ, Jia LQ, Gao XD and Guo Q. Comparative 
study of physical fitness between migrant 
workers school children and those of the 
Shanghai natives. Journal of Chengdu Sport 
University 2011; 37: 66-69.

[11]	 Lu JK, Yin XJ, Watanabe T, Lin YM and Tanaka 
T. Physiques in migrant peasant worker’s chil-
dren by comparison with rural and urban chil-
dren in Shanghai, China. Advance in Physical 
Education 2014; 4: 10-24,

[12]	 Lu JK, Yin XJ, Watanabe T, Lin YM and Tanaka 
T. Socioeconomic status and lifestyle behav-
iors associate with poor growth status among 

Migrant Peasant Worker’s children in Shang-
hai, China Research journal of health and 
sport sciences, Chukyo University 2014; 55: 
19-27.

[13]	 http://www.stats.gov.cn/tjfx/jdfx/t201104- 
28_402722253.htm.(2013/11/24).

[14]	 Group of China Obesity Task Force. 2 Body 
mass index reference norm for screening over-
weight and obesity in Chinese children and 
adolescents. Chinese Journal of Epidemiology 
2004; 25: 97-102.

[15]	 Franco M, Sanz B, Otero L, Domínguez-Vila A 
and Caballero B. Prevention of childhood obe-
sity in Spain: a focus on policies outside the 
health sector. SESPAS report 2010. Gac Sanit 
2010; 24 Suppl 1: 49-55.

[16]	 Zheng L, Sun Z, Zhang X, Xu C, Li J, Hu D and 
Sun Y. Predictors of progression from prehyper-
tension to hypertension among rural Chinese 
adults results from Liaoning Province. Eur J 
Cardiovasc Prev Rehabil 2010; 17: 217-222.

[17]	 Janssen I, Katzmarzyk PT, Boyce WF, King MA 
and Pickett W. Overweight and obesity in Cana-
dian adolescents and their associations with 
dietary habits and physical activity patterns. J 
Adolesc Health 2004; 35: 360-367.

[18]	 Han JC, Lawlor DA and Kimm SY. Childhood 
obesity. Lancet 2010; 375: 1737-1748.

[19]	 Ru X and Jiang FX. Analysis and forecast on 
China’s social development. Social Sciences 
Academic Press; 2007.

[20]	 Yan Z. Comparison of health and behavior in 
migrant peasant worker’s children. Hangzhou: 
Zhejiang University; 2005.

[21]	 Zhang J, Shi JX, John H, Du YK, Yang SB, Shi SH 
and Zhang JD. Undernutrition status of chil-
dren under 5 years in Chinese rural areas-data 
from the National Rural Children Growth Stan-
dard Survey. Asia Pac J Clin Nutr 2011; 20: 
584-592.

[22]	 Pei LL, Wang DL, Ren L and Yan H. Evaluation 
of the rural primary health care project on un-
dernutrition equity among children in rural 
Western China. Health Policy Plan 2013; 28: 
429-434.

[23]	 Yi S, Wang HJ, Ma J and Wang ZG. Secular 
trends of obesity prevalence in urban Chinese 
Children from 1985 to 2010: gender disparity. 
PLoS One 2013; 8: 1-6.

[24]	 Ji CY and Cheng T. Prevalence and geographic 
distribution of childhood obesity in China in 
2005. Int J Cardiol 2008; 131: 1-8.

[25]	 Liu H, Gao S and John A. The expansion of pub-
lic health insurance and the demand for pri-
vate health insurance in rural China. China 
Economic Review 2011; 22: 28-41.

[26]	 Amanuel KA, Wang JH, Zhang X, Liu XM and 
Zhu H. Prevalence of overweight, obesity, and 
associated risk factors among school children 
and adolescents in Tianjin, China. Eur J Pediatr 
2012; 171: 697-703.



Nutrition of chinese migrant peasant workers’ children

19622	 Int J Clin Exp Med 2016;9(10):19611-19622

[27]	 Shan XY, Xi B, Cheng H, Hou QD, Wang YF and 
Mi J. Prevalence and behavioral risk factors of 
overweight and obesity among children aged 
2-18 in Beijing, China. Int J Pediatr Obes 2010; 
5: 383-389.

[28]	 Bornstein MH, Hahn CS, Suwalsky JT and 
Haynes OM. Socioeconomic status, parenting 
and child development: the hollingshead four-
factor index of social status and the socioeco-
nomic index of occupations. Mahwah N J 
2003; 29-82.

[29]	 Parke RD, Coltrane S, Duffy S, Buriel R, Dennis 
J, Powers J, French S and Widaman KF. Eco-
nomic stress, parenting,and child adjustment 
in Mexican American and European American 
families. Child Dev 2004; 75: 1632-1656.

[30]	 Lee Chul-In and Gary Solon. Trends in Intergen-
erational Income Mobility. Review of Econom-
ics and Statistics 2009; 91: 766-72

[31]	 Colclough C, Kingdon G and Patrinos H. The 
changing pattern of wage returns to education 
and its implications. Development Policy Re-
view 2010; 28: 733-747.

[32]	 Mondal D, Minak J, Alam M, Liu Y, Dai J, Korpe 
P, Liu L, Haque R and Petri WA Jr. Contribution 
of enteric infection, altered intestinal barrier 
function, and maternal malnutrition to infant 
malnutrition in Bangladesh. Clin Infect Dis 
2012; 54: 185-192.

[33]	 Carneiro P, Meghir C and Parey M. Maternal 
education, home environments and the devel-
opment of children and adolescents. Journal 
of the European Economic Association 2013; 
11: 123-160.

[34]	 Moraeus L, Lissner L, Yngve A, Poortvliet E, Al-
Ansari U and Sjöberg A. Multi-level influences 
on childhood obesity in Sweden: societal fac-
tors, parental determinants and child’s life-
style. Int J Obes (Lond) 2012; 36: 969-976.

[35]	 Wachs TD. Mechanisms linking parental edu-
cation and stunting. Lancet 2008; 371: 280-1.

[36]	 Semba RD, de Pee S, Sun K, Sari M, Akhter N 
and Bloem MW. Effect of parental formal edu-
cation on risk of child stunting in Indonesia 
and Bangladesh: a cross-sectional study. Lan-
cet 2008; 371: 322-8.

[37]	 Reinhold S and Jurges H. Parental income and 
child health in Germany. Health Econ 2012; 
21: 562-579.

[38]	 Krebs NF, Mazariegos M, Tshefu A, Bose C, 
Sami N, Chomba E, Carlo W, Goco N, Kindem 
M, Wright LL and Hambidge KM. Complemen-
tary Feeding Study Group. Meat consumption 
is associated with less stunting among tod-
dlers in four diverse low-income settings. Food 
Nutr Bull 2011; 32: 185-191.

[39]	 Zalilah MS, Jenny T and Nan E. Nutritional sta-
tus of primary school children from low income 
households in Kuala Lumpur. Malays J Nutr 
2000; 6: 17-32.

[40]	 Benjamin C, Michael J and Niramonh CB. The 
impact on child wasting of a capacity building 
project implemented by community and dis-
trict health staff in rural Lao PDR. Asia Pac J 
Clin Nutr 2014; 23: 105-111.

[41]	 Cui ZH, Rachel HX, Wu YF and Michel J. Tempo-
ral trends in overweight and obesity of children 
and adolescents from nine provinces in China 
from 1991-2006. Int J Pediatr Obes 2010; 5: 
365-374.

[42]	 Wang YF and Hyunjung L. The global childhood 
obesity epidemic and the association between 
socio-economic status and childhood obesity. 
Int Rev Psychiatry 2012; 24: 176-188.

[43]	 Gupta N, Nayyar S and Misra A. Childhood obe-
sity and the metabolic syndrome in developing 
countries. Indian J Pediatr 2013; 80: S28-S37.

[44]	 Wang Y, Monteiro C and Popkin BM. Trends of 
obesity and underweight in older children and 
adolescents in the United States, Brazil, China, 
and Russia. Am J Clin Nutr 2002; 75: 971-7.

[45]	 Kim S, Symons M and Popkin BM. Contrasting 
socioeconomic profiles related to healthier life-
styles in China and the United States. Am J 
Epidemiol 2004; 159: 184-91.

[46]	 Heinonen A. Exercise as an osteogenic stimu-
lus [PhD thesis]. Jyvaskyla, Finland: University 
of Jyvaskyla; 1997.

[47]	 Donnelly JE, Greene JL, Gibson CA, Smith BK, 
Washburn RA, Sullivan DK, DuBose K, Mayo 
MS, Schmelzle KH, Ryan JJ, Jacobsen DJ and 
Williams SL. Physical activity across the curric-
ulum (PAAC): A randomized controlled trial to 
promote physical activity and diminish over-
weight and obesity in elementary school chil-
dren. Prev Med 2009; 49: 336-341.

[48]	 Craig LC, McNeill G, Macdiarmid JI, Masson LF 
and Holmes BA. Dietary patterns of school-age 
children in Scotland: association with socio-
economic indicators, physical activity and obe-
sity. Br J Nutr 2010; 103: 319-334.

[49]	 Cliff DP, Okely AD, Morgan PJ, Jones RA and 
Steele JR. The impact of child and adolescent 
obesity treatment interventions on physical ac-
tivity: a systematic review. Obes Rev 2010; 11: 
516-230.

[50]	 Poehlman ET. A review: exercise and its influ-
ence on restingenergy metabolism in man. 
Med Sci Sports Exerc 1989; 21: 515-525.

[51]	 AlmeÂras N, LavalleÂe N, DespreÂs JP, Boucha-
rd C and TremblayA. Exercise and energy in-
take: Effect of substrate oxidation. Physiol Be-
hav 1995; 57: 995-1000.

[52]	 Coe DP, Pivarnik JM, Womack CJ, Reeves MJ 
and Malina RM. Effect of physical education 
and activity levels on academic achievement 
in children. Med Sci Sports Exerc 2006; 38: 
1515-1559.


