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Abstract:



China is an urban and rural social model country. In the past three decades, the developing speed of rural areas has been much slower than urban areas, which may lead to the differences in dietary patterns. This study aimed to investigate the disparities of dietary structures from urban and rural children, and to analyze the effects of different dietary patterns on their adverse outcome. Among 1590 students, aged 11 years to 17 years, from primary and middle schools, a cross-sectional study was conducted. There were three dietary patterns recognized: Westernization structure, meat diet structure, and Western and Chinese structure. Compared with rural students, more urban students were in the highest categories of the whole dietary patterns (p < 0.001). Overweight/obesity and central adiposity were more prevailing among urban students, while rural students had a more prevailing risk of bone fracture (p < 0.05). Through the adjustment for all confounding factors, the Westernization structure could increase the risk of overweight/obesity and central adiposity, the meat structure could increase the risk of elevated blood pressure/hypertension, while the risk of low bone mineral quality could be reduced by the Chinese and Western structure. In conclusion, a rural-urban disparity in dietary patterns was found in our study, and different dietary patterns were associated with the risk of some adverse outcomes. Therefore, there were different prevalences of the adverse outcomes between rural and urban students.
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1. Introduction


As the largest developing country worldwide, over 60% of China’s population live in rural regions. China is a typical urban and rural social structure country. In the past three decades, the developing speed of rural areas has been much slower than urban areas [1], and economic development disparities may result in the differences of food supply and consumption patterns, thus influencing dietary patterns and the status of physical constitution [2]. Some research has found that the changes of dietary patterns were greatly related with the disparities in metabolic syndrome, bone mineral status, and overweight/obesity between urban and rural regions [3,4,5,6]. According to the 2002 China National Nutrition and Health Survey (CNNHS) the data showed that, compared with urban teenagers, both boys and girls, rural teenagers were 4–5 cm shorter at the same age from three to eighteen years old [7]. Meanwhile, central adiposity, overweight/obesity, as well as diabetes and hypertension, are extremely prevalent in developed coastal or urban regions than underdeveloped and remote rural regions [8].



The disparities in dietary patterns make contributions to the different nutrition condition and body composition in urban and rural regions. Understanding the disparities in dietary patterns between urban and rural regions can contribute to a better evaluation of health demands. Few studies were conducted to study the differences of dietary patterns between urban and rural regions. The goal of this research was to investigate the differences in dietary patterns between urban and rural regions and adverse outcomes, such as central adiposity, overweight/obesity, elevated blood pressure/hypertension, and the risk of bone fracture among Chinese students.




2. Materials and Methods


2.1. Participants


Two primary schools and two junior high schools, respectively, from Suqian, Jiangsu and Xingxiang, Henan, were randomly allocated, using the cluster sampling approach. Students from grade four to grade six of two primary schools and all of those from two junior high schools were included. The survey was carried out in May 2014. Participants of each class were instructed to complete the respective questionnaires at a same time. Assessments of anthropometry, blood pressure, and speed of sound, a predictor of risk of fracture, were scheduled at each school. In total, 2214 students were selected to fill out the questionnaires, among which 1853 agreed to complete the measurement of indicators. 263 of these students were excluded from the study owing to incompletion of the questionnaire. After the exclusion, we included 1590 students aged 11 years to 17 years. We divided subjects into an urban group (who choose county and above the county-level cities) and a rural group (villages and towns) according to the question that “Where is the location of your home”. Some prizes were offered to students as compensation for their participation in the evaluation. Written informed consent was obtained from the students and their parents before they participated in this study. This study was approved by the Medical Ethics Committee of Affiliated Hospital of Zunyi Medical College.




2.2. Assessment of Dietary Intake


A food-frequency questionnaire was used to evaluate the dietary intake, which was modified based on the previous questionnaire in accordance with the dietary characteristics of target group [9]. Twenty-four food groups are included in the modified questionnaire that Chinese people frequently consume as shown in Table 1. With each item standing for a food group, all participants were asked how often (daily, weekly, monthly, annually or never) they consumed each food group. Validity and reliability of the questionnaire was evaluated. A pilot survey was used to validate the questionnaire among 30 students of a small class through comparing with three 24-h dietary recalls before the study, and the range of the correlation coefficients between the FFQ (Food frequency questionnaire) and averages from 24-h dietary recalls was from 0.31 and 0.69 for major food groups. The test of reliability was conducted to finish the FFQ questionnaire within the same population, and one month later, the second FFQ questionnaire survey was conducted. Comparing the two FFQs, it was found that the range of Pearson correlation coefficients was from 0.35 to 0.70 for main food groups. Therefore, the data showed that the FFQ ensured the validity and reliability of dietary intakes measurements.



Table 1. Factor loadings for major dietary patterns.







	
Food Groups

	
Dietary Patterns




	
Chinese and Western

	
Westernization

	
Meat Diet






	
Rice and Rice products

	
0.669

	
0.441

	
0.317




	
Flour and flour products (including big steamed buns, noodles, cake, etc.)

	
0.658

	
0.438

	
0.338




	
Whole grains (including corn, sorghum, oats, potato, etc.)

	
0.626

	
0.359

	
−0.009




	
Fresh vegetables

	
0.760

	
0.388

	
0.239




	
Fresh fruit

	
0.639

	
0.475

	
0.323




	
Fat meat

	
0.103

	
0.444

	
0.738




	
Beef and mutton

	
0.322

	
0.232

	
0.755




	
Poultry

	
0.482

	
0.268

	
0.628




	
Animal liver

	
0.250

	
0.251

	
0.719




	
Eggs

	
0.748

	
0.371

	
0.344




	
Freshwater fishes and shrimps, etc.

	
0.657

	
0.156

	
0.504




	
Deep-sea fish (including Ribbon fish, cod, sardines)

	
0.552

	
0.177

	
0.494




	
Milk and dairy products (including milk, yogurt, milk tablets, etc.)

	
0.714

	
0.235

	
0.234




	
Beans and bean products

	
0.633

	
0.220

	
0.398




	
Hamburgers and Fried foods

	
0.276

	
0.507

	
0.297




	
Processed products (such as bacon, salted fish, pickle)

	
0.246

	
0.400

	
0.489




	
Nuts (such as walnut, peanut, etc.)

	
0.619

	
0.302

	
0.211




	
Snacks (including cookies, chocolate, cakes, etc.)

	
0.421

	
0.711

	
0.288




	
Coke, Sprite

	
0.196

	
0.789

	
0.220




	
Coffee

	
0.371

	
0.697

	
0.258




	
Sugar (such as candy, sugar, brown sugar, etc.)

	
0.425

	
0.314

	
0.289




	
Ice cream

	
0.375

	
0.720

	
0.286




	
Instant noodles

	
0.307

	
0.728

	
0.235




	
Barbecue

	
0.402

	
0.700

	
0.293




	
Percentage of variance explained

	
26.352

	
22.217

	
17.126








The factor analysis with varimax rotation was used to recognize major dietary structures. Foods listed in the table were from the self-administered diet questionnaire. Values ≥ 0.40 were listed in the table in bold.








The whole questionnaire was administered by an educated dietitian. Each participant was asked the frequency of his consumption of every food group during the last one year. There were three categories of frequency consumption, daily, which represented core food; weekly, which represented secondary core food; and monthly, which represented peripheral food. All categories were scored by “never” = 0; “1–3 times” = 1; “4–5 times” = 2; “6–8 times” = 3; and “over 8 times” = 4. The FFQ focused only on the frequency of each food item, and information on the portion size was not included.




2.3. Assessment of Anthropometric Measures


A Seca (HW-700, Kai Yuan Corporation, Zheng Zhou, China) scale was used to measure weight which was recorded to the closest 0.1 kg. A Seca stadiometer was applied to measure height. All subjects were required to keep in a standing position and their shoulders stayed in normal position. Weight (kg) divided by square of height (m) was used to show body mass index (BMI). Based on the research of body mass index reference norm for screening overweight and obesity in Chinese children and adolescents conducted by the Working Group on Obesity in China [10] and the screening standard for malnutrition of school-age children and adolescents published by National Health and Family Planning Commission of the People’s Republic of China, the values of BMIs for each age and sex can be divided into categories: obesity/overweight, normal weight, and wasting.



Waist circumference (WC) was measured to the narrowest level between the lowest rib and the iliac crest, and hip circumference was measured at the maximum level over light clothing with the use of an outstretched tape measure. Measurements were recorded to the nearest 0.1 cm, and the waist-to-hip ratio (WHR) was calculated. With reference to the norms of waist circumference [11], when WC was equal or over ninetieth percentile for children with same age and sex, it was defined as central adiposity in this study.




2.4. Assessment of Other Variables


Before blood pressure was measured, participants were required to have a 15-min rest. Blood pressure of seated participants was measured twice by a licensed physician with a standard mercury sphygmomanometer, and the mean value of the two results was obtained as their blood pressure. The occurrence of the first sound referred to systolic blood pressure (Korotkoff phase 1), while the vanishing of the sound referred to diastolic blood pressure (Korotkoff phase 5) when the cuff deflated with the mercury column at the attenuation ratio of 2 to 3 mm/s. According to the blood pressure reference standards, diastolic blood pressure (DBP) and/or systolic blood pressure (SBP) of over the ninetieth percentile for children with the same age and sex meant elevated blood pressure. DBP and/or SBP of over the ninety-fifth percentile for children with the same age and sex meant hypertension [12].



An ultrasound bone densitometer was used to assess risk of fracture by measuring speed of sound (SOS, m/s), an indicator of bone quality, on the right calcaneus (CM-200, Furuno Electric Corporation, Hyogo Nishinomiya, Japan). The right foot was disinfected on both sides, and the speed of sound (SOS) was measured twice. SOS (m/s) results were presented in Z-scores, which are matched for age and sex, allowing comparisons to peers [13].



A Chinese version of the International Physical Activity Questionnaire (IPAQ-C) was used as an instrument for physical activity measurement in this population, and the reliability and validity of the questionnaire has been examined [14]. With the application of the IPAQ-C, physical activity of participants was measured, which included three grades: low-intensity exercise, medium-intensity exercise, and strenuous exercise, respectively. Participants were asked how much time they exercised every week with three categories: never, less than 3 h/week, and 3 h/week or more. Additional covariate information regarding age, sex, passive smoking, economic status, education of father/mother, place of meals, and nutritional supplements was obtained by using questionnaires.




2.5. Statistical Analysis


The factor analysis with varimax rotation was used to recognize major dietary structures according to 24 food groups. Main dietary structures referred to the factors with Eigen values of over 1.5. Factor loadings represent the correlation coefficients between dietary structures and personal food groups. The proportion of variance explained by each factor was calculated by dividing the sum of the squares of the respective factor loadings by the number of variables. The sum of intakes of every food group was used to measure the scores of factors for every pattern and for each person, which was weighted by the factor loadings [15].



The associations between categorically demographic variables and dietary patterns were assessed using χ2 analysis. T-test was used to compare continuous variables (mean ± SD). Multivariable logistic regression was applied to recognize the risk of overweight/obesity, central adiposity, abnormal blood pressure, and low bone quality for each main dietary structure. Possible confounding factors were controlled in the patterns of regression. The first tertile of dietary model values was regarded as a reference in term of all analyses. SPSS 16.0 (SPSS, Inc., Chicago, IL, USA) was applied and p < 0.05 was vitally important in statistics.





3. Results


A total of 1590 students aged 11 years to 17 years (mean age, urban 14.98 ± 1.16 years, rural 15.18 ± 1.27, respectively) were investigated. Table 2 showed the distribution of sociodemographic features of urban and rural students. The differences of mean age and sex distribution were not significant between urban and rural students. Students from urban schools were more likely to be from wealthy families, have parents with higher education level, eat at home, and take nutritional supplements accounted for a higher proportion (p < 0.001), while those from rural schools were more likely to be from poor families, have parents with lower education level, eat at canteen, and take nutritional supplements accounted for a lower proportion (p < 0.001).When compared with rural students, urban students had less physically activity (p < 0.001).



Table 2. Rural-urban characteristics of the study participants.







	
Participants

	
Characteristics

	
Rural (949)

	
Urban (641)

	
χ2

	
p






	
Age (years)

	
Mean ± SD

	
15.18 ± 1.27

	
14.98 ±1.16

	
-

	
-




	
Sex

	
male

	
448 (47.2%)

	
318 (49.6%)

	
0.884

	
0.347




	
female

	
501 (52.8%)

	
323(50.4%)

	
-

	
-




	
Place for meals

	
canteen

	
548 (57.7%)

	
101 (15.8%)

	
507.891

	
0.000




	
eatery

	
275 (29.0%)

	
108 (16.8%)

	
-

	
-




	
at home

	
126 (13.3%)

	
432 (67.4%)

	
-

	
-




	
Economic status

	
Wealthy (The family’s per capita income > 3000)

	
186 (19.6%)

	
329 (51.3%)

	
213.068

	
0.000




	
General (The family’s per capita income 500~3000)

	
325(34.2%)

	
202 (31.5%)

	
-

	
-




	
poor (The family’s per capita income < 500)

	
438 (46.2%)

	
110(17.2%)

	
-

	
-




	
Education of Father

	
Primary school or below

	
216 (22.8%)

	
46 (7.2%)

	
229.139

	
0.000




	
Junior High school

	
502 (52.9%)

	
202 (31.5%)

	
-

	
-




	
Senior High school or above

	
231 (24.3%)

	
393 (61.3%)

	
-

	
-




	
Education of Mother

	
Primary school or below

	
403(42.5%)

	
162(25.3%)

	
94.776

	
0.000




	
Junior High school

	
382 (40.3%)

	
238 (37.1%)

	
-

	
-




	
Senior High school or above

	
164(17.2%)

	
241 (37.6%)

	
-

	
-




	
Passive smoking

	
Yes

	
509 (53.6%)

	
338 (52.7%)

	
0.126

	
0.723




	
No

	
440(46.4%)

	
303 (47.3%)

	
-

	
-




	
Strenuous exercise

	
<3 times/week

	
493(51.9%)

	
343 (53.5%)

	
0.374

	
0.653




	
>3 times/week

	
456 (48.1%)

	
298 (46.5%)

	
-

	
-




	
Medium-intensity exercise

	
<3 times/week

	
335 (35.3%)

	
414 (64.6%)

	
131.696

	
0.000




	
>3 times/week

	
614 (64.7%)

	
227 (35.4%)

	
-

	
-




	
Low-intensity exercise

	
<3 times/week

	
312 (32.9%)

	
396(61.8%)

	
129.380

	
0.000




	
>3 times/week

	
637 (67.1%)

	
245(38.2%)

	
-

	
-




	
Nutritious supplements

	
Yes

	
325 (34.2%)

	
493 (76.9%)

	
278.794

	
0.000




	
No

	
624 (65.8%)

	
148(23.1%)

	
-

	
-








Chi-square test and associated p values are provided. Data were presented as mean ± SD, or number of cases (%).








With the use of questionnaires and factor analysis, three dietary patterns were chosen from 24 food groups as shown in Table 1. Table 1 also presents the factor-loading matrices. The three dietary patterns were, respectively, Chinese and Western structure, which was identified with high consumption of rice and rice products, flour and flour products, whole grains, fresh vegetables, fresh fruit, poultry, eggs, freshwater fishes and shrimps, deep-sea fish, milk and dairy products, beans and bean products, nuts, snacks, sugar, and barbecue; Westernization structure, which was identified with high intakes of rice and rice products, flour and flour products, fresh fruit, fat meat, hamburgers and fried foods, processed products, snacks, coke, sprite, coffee, ice cream, instant noodles, and barbecue; and meat diet structure, which was identified with intakes of fat meat, beef and mutton, poultry, animal liver, freshwater fishes and shrimps and deep-sea fish, as well as processed products. Totally, in the dietary intake, 65.6% of the variations were illustrated by these dietary structures.



According to Table 3, compared with rural students, more urban students were in the highest categories of the whole dietary patterns (p < 0.001). In other words, urban students had a tendency to follow the Chinese and Western pattern, Westernization structure, and meat dietary model more than rural students.



Table 3. Rural-urban differences of primary and middle school students across tertiles of major dietary pattern scores.







	
Dietary Pattern

	
Rural

	
Urban

	
χ2

	
p






	
N

	
949

	
641

	
-

	
-




	
Chinese and Western

	
-

	
-

	
49.693

	
0.000




	
T1

	
382 (40.3%)

	
192(29.9%)

	
-

	
-




	
T2

	
325 (34.2%)

	
178 (27.8%)

	
-

	
-




	
T3

	
242 (25.5%)

	
271 (42.3%)

	
-

	
-




	
Westernization

	
-

	
-

	
36.947

	
0.000




	
T1

	
351 (37.0%)

	
162 (25.3%)

	
-

	
-




	
T2

	
352 (37.1%)

	
230 (35.9%)

	
-

	
-




	
T3

	
246 (25.9%)

	
249 (38.8%)

	
-

	
-




	
Meat diet

	
-

	
-

	
36.423

	
0.000




	
T1

	
412 (43.4%)

	
185 (28.9%)

	
-

	
-




	
T2

	
295 (31.1%)

	
231 (36.0%)

	
-

	
-




	
T3

	
242 (25.5%)

	
225 (35.1%)

	
-

	
-








Chi-square test and associated p values were provided. T1 the lowest tertile of dietary pattern scores; T2 the intermediate tertile of dietary pattern scores; T3 the highest tertile of dietary pattern scores.








As was shown in Table 4, the differences of basic characteristics between urban and rural regions were significant between boys and girls. Compared with students from rural schools, those from urban schools had a higher level of weight, waist circumference, hip circumference, and SOS both for boys and girls (p < 0.05). Consequently, urban students had a higher proportion of overweight/obesity and central adiposity (p < 0.05). However, rural students had a lower proportion of low bone quality both for boys and girls (p < 0.01).



Table 4. Differences of basic characteristics between urban and rural participants.







	
Characteristics

	
Boys

	
Girls




	
Urban

	
Rural

	
P

	
Urban

	
Rural

	
p






	
N

	
498

	
349

	
-

	
451

	
292

	
-




	
Height (m)

	
1.69 ± 0.58

	
1.67 ± 0.54

	
0.612

	
1.59 ± 0.51

	
1.57 ± 0.49

	
0.596




	
Weight (kg)

	
62.14 ± 9.21

	
60.22 ± 11.34

	
<0.01

	
52.39 ± 5.03

	
51.41 ± 6.29

	
<0.05




	
Waist circumference (cm)

	
72.12 ± 8.88

	
68.92 ± 7.69

	
<0.01

	
66.54 ± 7.63

	
64.74 ± 6.86

	
<0.01




	
Hip circumference (cm)

	
88.95 ± 7.49

	
85.52 ± 6.61

	
<0.01

	
88.50 ± 8.15

	
86.08 ± 5.02

	
<0.01




	
Systolic blood pressure (mmHg)

	
116.71 ± 11.41

	
115.84 ± 11.07

	
0.269

	
108.89 ± 10.27

	
108.41 ± 9.12

	
0.516




	
Diastolic blood pressure (mmHg)

	
64.27 ± 8.50

	
65.03 ± 10.00

	
0.234

	
62.77 ± 7.02

	
63.02 ± 7.11

	
0.637




	
Speed of sound (m/s)

	
1561 ± 28.63

	
1531 ± 31.99

	
<0.01

	
1541 ± 26.94

	
1529 ± 26.32

	
<0.01




	
Body mass index distribution (kg/m2)

	
-

	
-

	
<0.05

	
-

	
-

	
<0.05




	
wasting

	
56 (11.2%)

	
54 (15.5%)

	
-

	
98 (21.7%)

	
50 (17.1%)

	
-




	
normal weight

	
304 (61.0%)

	
222 (63.6%)

	
-

	
235 (52.1%)

	
179 (61.3%)

	
-




	
overweight/obesity

	
138 (27.8%)

	
73 (20.9%)

	
-

	
118 (26.2%)

	
63 (21.6%)

	
-




	
Central adiposity

	
-

	
-

	
<0.05

	
-

	
-

	
<0.05




	
Yes

	
141 (28.3%)

	
77 (22.1%)

	
-

	
115 (25.5%)

	
55 (18.8%)

	
-




	
No

	
357 (71.7%)

	
272 (77.9%)

	
-

	
336 (74.5%)

	
237 (81.2%)

	
-




	
Blood pressure distribution (mmHg)

	
-

	
-

	
0.496

	
-

	
-

	
0.910




	
normal blood pressure

	
432 (86.7%)

	
297 (85.1%)

	
-

	
389 (86.3%)

	
251 (86.0%)

	
-




	
elevated blood pressure/hypertension

	
66 (13.3%)

	
52 (14.9%)

	
-

	
62 (13.7%)

	
41 (14.0%)

	
-




	
Bone mineral quality distribution (Z value)

	
-

	
-

	
<0.01

	
-

	
-

	
<0.01




	
Normal

	
476 (95.6%)

	
303 (86.8%)

	
-

	
418 (92.7%)

	
248 (84.9%)

	
-




	
Low bone quality

	
22 (4.4%)

	
46 (13.2%)

	
-

	
33 (7.3%)

	
44 (15.1%)

	
-








Data were presented as mean ± SD, or number of cases (%). The associations between categorically demographic variables were assessed using χ2 analysis. T-test was used to compare continuous variables (mean ± SD).








In multiple logistic regression analyses, all dietary patterns were regarded as exposure variables and categorical overweight/obesity, central adiposity, elevated blood pressure/hypertension, and low bone quality as outcome variables. The results in Table 5 indicated that the higher values in the Westernization pattern had relationship with higher risk of overweight/obesity (T3 vs. T1: OR = 1.925, 95% CI: 1.299–2.852) and central adiposity (T3 vs. T1: OR = 5.511, 95% CI: 2.222–13.667), which were strengthened by control for factors, such as sex, passive smoking, drinking, calcium supplements, bone mineral density (BMD), BMI, and physical activity in model 3. After adjusting for all confounders in model 3, elevated blood pressure/hypertension has positive association with the values in the meat dietary pattern (T3 vs. T1: OR = 1.576, 95% CI: 1.156–2.147). The Chinese and Western pattern was associated with decreased risk for low bone quality in model 3 (T3 vs. T1: OR = 0.421, 95% CI: 0.289–0.559).



Table 5. Odds ratios (95% confidence intervals) for components of adverse outcome across tertiles of major dietary pattern scores.







	
Dietary Patterns in Models

	
Overweight/Obesity

	
Central Adiposity

	
Elevated Blood Pressure/Hypertension

	
Low Bone Quality




	
OR # (95% CI)

	
OR # (95% CI)

	
OR # (95% CI)

	
OR # (95% CI)






	
Model 1

	

	

	

	




	
Westernization

	

	

	

	




	
T2

	
1.484 (1.031–2.045) *

	
2.587 (1.199–5.859) *

	
1.085 (0.779–1.445)

	
1.033(0.795–1.383)




	
T3

	
1.769 (1.153–2.736) *

	
4.801 (1.848–12.307) *

	
1.114 (0.825–1.674)

	
0.955 (0.829–1.101)




	
Meat diet

	

	

	

	




	
T2

	
1.238 (1.051–1.882) *

	
1.218 (1.004–1.477) *

	
1.318 (1.006–1.930) *

	
0.972 (0.729–1.348)




	
T3

	
1.457 (1.001–2.143) *

	
1.229 (1.043–2.903) *

	
1.436 (1.139–1.810) *

	
0.918 (0.684–1.233)




	
Chinese and Western

	

	

	

	




	
T2

	
0.932 (0.650–1.337)

	
0.907 (0.582–1.411)

	
0.618 (0.253–0.932) *

	
0.974 (0.269–3.520)




	
T3

	
0.894 (0.620–1.290)

	
1.065 (0.716–1.584)

	
0.479 (0.218–0.831) *

	
1.097 (0.613–1.965)




	
Model 2

	

	

	

	




	
Westernization

	

	

	

	




	
T2

	
1.386 (1.149–2.034) *

	
2.785 (1.278–6.143) *

	
0.913 (0.676–1.232)

	
1.192 (0.855–1.663)




	
T3

	
1.769 (1.146–2.731) *

	
5.191 (1.998–13.403) *

	
0.778 (0.579–1.045)

	
1.224 (1.030–1.771) *




	
Meat diet

	

	
-

	
-

	
-




	
T2

	
1.154(0.752–1.771)

	
1.566 (1.230–3.349) *

	
1.421(1.098–1.876) *

	
0.911 (0.620–0.255)




	
T3

	
1.232 (1.021-1.521) *

	
1.775 (1.172–3.591) *

	
1.678 (1.134–2.135) *

	
0.920 (0.626–1.354)




	
Chinese and Western

	

	

	

	




	
T2

	
0.952 (0.627–1.447)

	
0.834 (0.693–0.998) *

	
1.114 (0.773–1.606)

	
0.621 (0.512–0.832) *




	
T3

	
1.073 (0.697–1.652)

	
0.712(0.445–0.867) *

	
0.956 (0.712–1.283)

	
0.558 (0.414–0.901) *




	
Model 3

	

	

	

	




	
Westernization

	

	

	

	




	
T2

	
1.370 (1.087–2.048) *

	
2.391 (1.173–4.872) *

	
1.078 (0.892–1.301)

	
0.942 (0.736–1.207)




	
T3

	
1.925 (1.299–2.852) *

	
5.511 (2.222–13.667) *

	
1.179 (0.770–1.804)

	
0.980 (0.788–1.217)




	
Meat diet

	

	

	

	




	
T2

	
0.938 (0.745–1.180)

	
0.964 (0.766–1.213)

	
1.477 (1.087–2.006) *

	
1.084 (0.893–1.315)




	
T3

	
1.113 (0.819–1.512)

	
1.051 (0.892–1.331)

	
1.576 (1.156–2.147) *

	
1.068 (0.761–1.498)




	
Chinese and Western

	

	

	

	




	
T2

	
0.961 (0.630–1.446)

	
1.019 (0.844–1.229)

	
0.983 (0.811–1.191)

	
0.603 (0.453–0.898) *




	
T3

	
1.088 (0.702–1.684)

	
0.990 (0.711–1.380)

	
1.135 (0.776–1.648)

	
0.421(0.289–0.559) *








Multivariable logistic regression was applied to recognize the risk of overweight/obesity, central adiposity, abnormal blood pressure, and low bone quality for each main dietary structure. # OR is the odds ratio of T2 or T3 vs. T1, and T1 is regarded as reference group; * Significantly different from T1: * p < 0.05; T1: the lowest tertile of dietary pattern score; T2: the intermediate tertile of dietary pattern score; T3: the highest tertile of dietary pattern’s score; Model 1: unadjusted; Model 2: adjusted for sex, passive smoking, drinking, calcium supplements. SOS (speed of sound) was further adjusted for BMI (body mass index); Model 3: physical activity was further adjusted.









4. Discussion


We identified three dietary patterns in Chinese primary and middle school students. Obvious differences of dietary patterns between urban and rural regions were investigated in terms of Chinese students in this research. Different dietary patterns were associated with the risk of some adverse outcomes; for example, overweight/obesity, central adiposity, elevated blood pressure/hypertension, and low bone quality. Based on the disparities of dietary patterns between urban and rural regions, the differences of basic characteristics can be illustrated. Actually, there were few studies researching the disparities of dietary patterns in China. To the best of our knowledge, this is the first research on the investigation of disparities of dietary patterns and their relationship with overweight/obesity, central adiposity, and bone quality among Chinese urban and rural children and adolescent students.



China is the largest developing country with a large rural population who differs from urban residents with regard to lifestyle, culture, socioeconomic status, and diet [16]. Thus, their dietary patterns are significantly different from those of their urban peers. The food system can be divided into two aspects in China: residents in large cities, such as Beijing, Shanghai, and Guangzhou have changed into a more urbanized, Westernized lifestyle, while residents in rural regions are limited in food diversity. In this research, more urban students are in the highest tertile of Chinese and Western, Westernization, and meat diet dietary models, while more rural students are in the lowest tertiles of the three dietary structures.



In our study, it was found that rural students had lower bone quality than urban students, which indicated a lower BMD. In contrast, previous studies conducted in Western countries showed that rural populations instead of urban ones had a higher BMD. Based on a Swedish study of 246 participants aged 15–16 years, Martin et al. [17] reported that the total body BMD and lumbar spine BMD were higher in rural adolescents compared with urban adolescents even after adjustment for physical activity and BMI. The reason for the inconsistency between Chinese students and Western students is still unclear. Research on Chinese immigrants (mean age, 35 years) to the west is possibly helpful. Wang et al. [18] found that Chinese population who had lived in Denmark for more than 12 years had a similar BMD to that of Danish population, while among those who immigrated to Denmark less than 12 years ago, a significantly lower BMD was found. The reason was due to a more westernized lifestyle and dietary pattern. In fact, Chinese dietary patterns have been changing in the past two decades. There is a finding in our study that rural students were less likely to have a Chinese and Western pattern and this pattern was, indeed, associated with a decreased risk of lower BMD. High intakes of milk and milk products could increase their bone mineral density [19,20]. Moreover, we also found that the physical activity of urban children was significantly lower than rural children. Physical activity is one of the important environmental factors to improve bone mineral density and, as a result, reduces the risk of fracture. Plenty of research has shown that physical activity has a positive effect on bone growth [21,22], and the increase of bone mass of children with high physical activity was significantly higher than children with low physical activity [23,24]. However, it was found that urban students had characteristics of a higher calcium diet pattern and lower physical activity in this research, which could suggest that the effect of dietary pattern on bone could be greater than the effect of physical activity.



Among Chinese rural and urban students, we found the results reflected rural-urban differences in the prevalence of overweight/obesity, central adiposity, and elevated blood pressure/hypertension. This may be explained by the fact that urban students followed Westernization and meat diet dietary patterns more than rural ones. A positive relationship was found between a Westerization dietary pattern and the risk of overweight/obesity and central obesity in this research. Kim et al. pointed out that in this dietary pattern, the ingested fat is more than recommended, which will increase the risk of obesity [25]. Similar results were also reported by Lutsey et al. [26] and Olser et al. [27]. However, the prevalence of obesity in children and adolescents increases the risk of suffering from cardiovascular diseases, type 2 diabetes, stroke, osteoporosis, and some cancers when they come of age [28,29,30]. We found that the meat diet pattern has a positive relationship with the risk of elevated blood pressure/hypertension in this survey. The meat dietary pattern is also an unhealthy dietary pattern. Excessive intake of meat will cause obesity [31,32], and especially red meat in the long term will increase the risk of diseases, such as elevated blood pressure and atherosclerosis [33,34,35]. The Chinese and Western dietary pattern was inversely related with the risk of low bone mineral quality in our study. This dietary pattern includes food such as milk and beans. Research shows that eating fruit, vegetables, milk, and beans often is beneficial to skeletal development [36]. Wosje et al. found that the dietary pattern of adequate vegetables and fruit is relevant to children’s high bone mass [37]. Lanou et al. believed that the dairy food consumption of children and adolescents is significantly relevant to bone health index [38]. Overall, these findings could explain the different prevalence of overweight/obesity, central adiposity, and elevated blood pressure/hypertension between rural and urban students.



There are three main limitations in this research. First of all, due to the cross-sectional design, it failed to completely confirm the causal relation between dietary patterns and adverse outcomes. Thus, the findings are expected to be verified in future research. Moreover, owing to the retrospective evaluation of dietary exposure, the research failed to totally exclude recall bias. At last, the ultrasound bone densitometer may be less accurate than the dual energy X-ray bone densitometer (DXA), which may have compromised BMD findings, but DXA scans were not suitable for an investigation of such a large scale.




5. Conclusions


In conclusion, rural-urban disparity in dietary patterns was found in our study, and different dietary patterns were associated with the risk of some adverse outcomes. Through the adjustment for all confounding factors, the Westernization structure could increase the risk of overweight/obesity and central adiposity, the meat structure could increase the risk of elevated blood pressure/hypertension, while the risk of low bone mineral quality could be reduced by the Chinese and Western structure. Therefore, there were different prevalences of the adverse outcomes between rural and urban students.







Acknowledgments


This research was supported by National Natural Science Foundation of China (81001249).




Author Contributions


Yang Yang acquired the data, analysed the data and drafted the manuscript. Tian-jiao Chen and Ming-Jie Bai conceptualized the study and provided critical intellectual feedback for the manuscript. Xiao-Mei Hu assisted in acquiring the data.




Conflicts of Interest


The authors declare no conflict of interest.




References


	1. 
Zhai, F.; Wang, H.; Wang, Z.; He, Y.; Du, S.; Yu, W.; Li, J. The changes and policy recommendations of Chinese diet and nutritional status. Food Nutr. China 2006, 5, 4–6. (In Chinese) [Google Scholar]

	2. 
Zhai, F.; Wang, H.; Du, S.; He, Y.; Wang, Z.; Ge, K.; Popkin, B.M. The change tracking of Chinese residents’ dietary structure and nutritional status. J. Med. Res. 2006, 35, 3–6. (In Chinese) [Google Scholar]

	3. 
Sola, A.O.; Steven, A.O.; Kayode, J.A.; Olayinka, A.O. Underweight, overweight and obesity in adults Nigerians living in rural and urban communities of Benue State. Ann. Afr. Med. 2011, 10, 139–143. [Google Scholar] [PubMed]

	4. 
Gu, W.; Rennie, K.L.; Lin, X.; Wang, Y.; Yu, Z.; Hu, Y. Differences in bone mineral status between urban and rural Chinese men and women. Bone 2007, 41, 393–399. [Google Scholar] [CrossRef] [PubMed]

	5. 
Yi, B.; Wu, L.; Liu, H.; Fang, W.; Hu, Y.; Wang, Y. Rural-urban differences of neonatal mortality in a poorly developed province of China. BMC Public Health 2011, 11, 477. [Google Scholar] [CrossRef] [PubMed]

	6. 
Zhao, J.; Pang, Z.C.; Zhang, L.; Gao, W.G.; Wang, S.J.; Ning, F.; Nan, H.R.; Ren, J.; Qiao, Q. Prevalence of metabolic syndrome in rural and urban Chinese population in Qingdao. J. Endocrinol. Investig. 2011, 34, 444–448. [Google Scholar] [CrossRef] [PubMed]

	7. 
Anonymous. “Nutrition and Health Status of Chinese People” announced In Beijing. Acta Nutr. Sin. 2004, 26, 417–420. (In Chinese) [Google Scholar]

	8. 
Wang, L.D. The Comprehensive Report of 2002 China Nutrition and Health Survey; People’s Medical Publishing House: Beijing, China, 2005. [Google Scholar]

	9. 
Wang, Y.; Popkin, B.; Zhai, F. The nutritional status and dietary pattern of Chinese adolescents, 1991 and 1993. Eur. J. Clin. Nutr. 1998, 52, 908–916. [Google Scholar] [CrossRef] [PubMed]

	10. 
Group of the Working Group on Obesity in China. Body mass index reference norm for screening overweight and obesity in Chinese children and adolescents. Chin. J. Epidemiol. 2004, 25, 97–102. [Google Scholar]

	11. 
Ji, C.Y.; Ma, J.; He, Z.H.; Chen, T.J.; Song, Y.; Hu, P.J. Reference norms of waist circumference for Chinese school age children and adolescents. Chin. J. Sch. Health 2010, 31, 257–259. [Google Scholar]

	12. 
Mi, J.; Wang, T.; Meng, L. Development of blood pressure reference standards for Chinese children and adolescents. Chin. J. Evid. Based Pediatr. 2010, 5, 4–14. [Google Scholar]

	13. 
Gordon, C.M.; Bachrach, L.K.; Carpenter, T.O.; Crabtree, N.; El-Hajj Fuleihan, G.; Kutilek, S.; Lorenc, R.S.; Tosi, L.L.; Ward, K.A.; Ward, L.M.; et al. Dual energy X-ray absorptiometry interpretation and reporting in children and adolescents: The 2007 ISCD Pediatric Official Positions. J. Clin. Densitom. 2008, 11, 43–58. [Google Scholar] [CrossRef] [PubMed]

	14. 
Macfarlane, D.J.; Lee, C.C.; Ho, E.Y.; Chan, K.L.; Chan, D.T. Reliability and validity of the Chinese version of IPAQ (short, last 7 days). J. Sci. Med. Sport 2007, 10, 45–51. [Google Scholar] [CrossRef] [PubMed]

	15. 
Kim, J.O.; Mueller, C.W. Factor Analysis: Statistical Methods and Practical Issues; Sage Publications, Inc.: Thousand Oaks, CA, USA, 1978. [Google Scholar]

	16. 
Zheng, J.P.; Jin, Z.F.; Zhu, W.S. (Eds.) China Statistical Yearbook 2006; China Statistics Press, Beijing Info Press: Beijing, China, 2006.

	17. 
Sundberg, M.; Düppe, H.; Gárdsell, P.; Johnell, O.; Ornstein, E.; Sernbo, I. Bone mineral density in adolescents. Higher values in a rural area—A population-based study of 246 subjects in southern Sweden. Acta Orthop. Scand. 1997, 68, 456–460. [Google Scholar] [CrossRef] [PubMed]

	18. 
Wang, Q.; Ravn, P.; Wang, S.; Overgaard, K.; Hassager, C.; Christiansen, C. Bone mineral density in immigrants from southern China to Denmark. A cross-sectional study. Eur. J. Endocrinol. 1996, 134, 163–167. [Google Scholar] [CrossRef] [PubMed]

	19. 
Chan, G.M.; Hoffman, K.; Mcmurry, M. Effects of dairy products on bone and body composition in pubertal girls. J. Pediatr. 1995, 126, 551–556. [Google Scholar] [CrossRef] [PubMed]

	20. 
Cadogan, J.; Eastell, R.; Jones, N.; Barker, M.E. Milk intake and bone mineral acquisition in adolescent girls: Randomised, controlled intervention trial. BMJ Clin. Res. 1997, 315, 1255–1260. [Google Scholar] [CrossRef]

	21. 
Gunter, K.B.; Almstedt, H.C.; Janz, K.F. Physical activity in childhood may be the key to optimizing lifespan skeletal health. Exerc. Sport Sci. Rev. 2012, 40, 13–21. [Google Scholar] [CrossRef] [PubMed]

	22. 
Rietsch, K.; Eccard, J.A.; Scheffler, C. Decreased external skeletal robustness due to reduced physical activity? Am. J. Hum. Biol. 2013, 25, 404–410. [Google Scholar] [CrossRef] [PubMed]

	23. 
Tobias, J.H.; Steer, C.D.; Mattocks, C.G.; Riddoch, C.; Ness, A.R. Habitual levels of physical activity influence bone mass in 11-year-old children from the United Kingdom: Findings from a large population-based cohort. J. Bone Min. Res. 2007, 22, 101–109. [Google Scholar] [CrossRef] [PubMed]

	24. 
Hasselstrøm, H.A.; Karlsson, M.K.; Hansen, S.E.; Grønfeldt, V.; Froberg, K.; Andersen, L.B. A 3-year physical activity intervention program increases the gain in bone mineral and bone width in prepubertal girls but not boys: The prospective copenhagen school child interventions study (CoSCIS). Calcif. Tissue Int. 2008, 83, 243–250. [Google Scholar] [CrossRef] [PubMed]

	25. 
Kim, J.A.; Kim, S.M.; Lee, J.S.; Oh, H.J.; Han, J.H.; Song, Y.; Joung, H.; Park, H.S. Dietary patterns and the metabolic syndrome in Korean adolescents: 2001 Korean National Health and Nutrition Survey. Diabetes Care 2007, 30, 1904–1905. [Google Scholar] [CrossRef] [PubMed]

	26. 
Lutsey, P.L.; Steffen, L.M.; Stevens, J. Dietary intake and the development of the metabolic syndrome: The Atherosclerosis Risk in Communities study. Circulation 2008, 117, 754–761. [Google Scholar] [CrossRef] [PubMed]

	27. 
Osler, M.; Helms, A.A.; Heitmann, B.; Høidrup, S.; Gerdes, U.; Mørch Jørgensen, L.; Schroll, M. Food intake patterns and risk of coronary heart disease: A prospective cohort study examining the use of traditional scoring techniques. Eur. J. Clin. Nutr. 2002, 56, 568–574. [Google Scholar] [CrossRef] [PubMed]

	28. 
Must, A.; Strauss, R.S. Risks and consequences of childhood and adolescent obesity. Int. J. Obes. 1999, 23, S2–S11. [Google Scholar] [CrossRef]

	29. 
Freedman, D.S.; Dietz, W.H.; Srinivasan, S.R.; Berenson, G.S. The relation of overweight to cardiovascular risk factors among children and adolescents: The Bogalusa Heart Study. Pediatrics 1999, 103, 1175–1182. [Google Scholar] [PubMed]

	30. 
Berenson, G.S.; Bogalusa Heart Study Group. Health consequences of obesity. Pediatr. Blood Cancer 2012, 58, 117–121. [Google Scholar] [PubMed]

	31. 
Naja, F.; Hwalla, N.; Itani, L.; Karam, S.; Mehio, S.A.; Nasreddine, L. A western dietary pattern is associated with overweight and obesity in a national sample of Lebanese adolescents (13–19 years): A cross-sectional study. Br. J. Nutr. 2015, 114, 1–11. [Google Scholar]

	32. 
Shang, X.; Li, Y.; Liu, A.; Zhang, Q.; Hu, X.; Du, S.; Ma, J.; Xu, G.; Li, Y.; Guo, H. Dietary pattern and its association with the prevalence of obesity and related cardiometabolic risk factors among Chinese children. PLoS ONE 2012, 7, e43183. [Google Scholar]

	33. 
Perry, C.L.; Baranowski, T.; Parcel, G.S. How individuals, environments, and health behavior interact: Social learning theory. In Health behavior and health education: Theory, research, and practice; Glanz, K., Lewis, F.M., Rimer, B.K., Eds.; Jossey-Bass: San Francisco, CA, USA, 1990; pp. 161–186. [Google Scholar]

	34. 
Jessri, M.; Rashidkhani, B. Dietary patterns and risk of gallbladder disease: A hospital-based case-control study in adult women. J. Health Popul. Nutr. 2015, 33, 39–49. [Google Scholar] [PubMed]

	35. 
Nettleton, J.A.; Polak, J.F.; Tracy, R.; Burke, G.L.; Jacobs, D.R., Jr. Dietary patterns and incident cardiovascular disease in the multi-ethnic study of atherosclerosis. Am. J. Clin. Nutr. 2009, 90, 647–654. [Google Scholar] [PubMed]

	36. 
Okubo, H.; Sasaki, S.; Horiguchi, H.; Oguma, E.; Miyamoto, K.; Hosoi, Y.; Kim, M.K.; Kayama, F. Dietary patterns associated with bone mineral density in premenopausal Japanese farmwomen. Am. J. Clin. Nutr. 2006, 83, 1185–1192. [Google Scholar] [PubMed]

	37. 
Wosje, K.S.; Khoury, P.R.; Claytor, R.P.; Copeland, K.A.; Hornung, R.W.; Daniels, S.R.; Kalkwarf, H.J. Dietary patterns associated with fat and bone mass in young children. Am. J. Clin. Nutr. 2010, 92, 294–303. [Google Scholar] [PubMed]

	38. 
Lanou, A.J.; Berkow, S.E.; Barnard, N.D. Calcium, dairy products, and bone health in children and young adults: A reevaluation of the evidence. Pediatrics 2005, 115, 736–743. [Google Scholar] [CrossRef] [PubMed]

















© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  nutrients-08-00537


  
    		
      nutrients-08-00537
    


  




  





media/file0.png





