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Background: A nutritional diet is essential for children’s growth and development. This study aimed to investigate the relationship between dietary intake and growth and development of pupils to provide more specific nutritional recommendations for their healthy growth.

Methods: This cross-sectional study included 592 pupils, and standardized questionnaires were used to collect information on students’ sociodemographic characteristics, lifestyle habits and dietary intake. Growth and development assessment indicators were measured according to standard protocols. The multivariate generalized linear regression models adjusted for covariates were used to investigate the association between dietary intake and growth and development of pupils.

Results: The generalized linear regression model showed that standing long jump of all pupils (β = −6.735, 95% CI: −12.064, −1.406) and body fat rate (β = −2.650, 95% CI: −4.794, −0.507), fat weight (β = −1.283, 95% CI: −2.286, −0.280) and chest circumference (β = −1.456, 95% CI: −2.789, −0.123) of boys were negatively correlated with dietary diversity score. Among all pupils, meat intake was positively correlated with chest circumference (β = 0.420, 95% CI: 0.119, 0.721) and negatively correlated with standing long jump(β = −1.991, 95% CI: −3.902, −0.080); milk intake was positively correlated with waist circumference (β = 0.470, 95% CI: 0.007, 0.932); soybean intake was negatively correlated with body fat rate (β = −0.583, 95% CI: −1.125, −0.042), fat weight (β = −0.262, 95% CI: −0.517, −0.006), and waist circumference (β = −0.607, 95% CI: −1.050, −0.164); and vegetable intake was negatively correlated with height (β = −0.290, 95% CI: −0.496, −0.084), and positively correlated with stature-sitting height index and waist circumference (p < 0.05). Certain associations retained significance even after stratified analysis based on gender and frequency of dietary intake.

Conclusion: Dietary diversity score and their respective food groups such as meat, milk, coarse grain, soybean and vegetable will impact growth and development indicators, requiring purposefully controlled dietary intake.
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1 Introduction

Childhood is a critical period for rapid physical growth and sustained development. The growth and development during this period not only affects adult height and weight (1), but also leads to developmental problems such as psychological disorders (2), cognitive dysfunction, impaired exercise capacity (3), and increases the risk of developing diabetes and cardiovascular disease (4, 5). Therefore, it is necessary to pay more attention to the growth and development of children.

Nutrition is one of the most important factors influencing children’s healthy growth and development. Different foods provide different nutrients that play a major role in body composition and physical fitness. A study on urban school-age children in India found that lower child height was associated with lower dietary energy and protein intake, reduced nutrient intake and high fat intake can lead to increased body fat percentage and malnutrition (6).

Another study about Chinese children and adolescents showed that higher protein intake was associated with shorter linear growth and a higher prevalence of stunting (7). However, there is currently no consensus on the relationship between dietary nutrition and growth and development. Moreover, according to the recommendations of the “Dietary Guidelines for Chinese School-aged Children (2022),” children need to consume soybeans, milk and dairy products, grains, vegetables, fruits, eggs, meat, and fish every day. Interestingly, the study found that the children’s diets have higher intakes of fat, protein, and cholesterol, but lower intakes of micronutrients, indicating that the actual intake of many students has not reached these recommendations (8).

Previous studies have explored the relationship between dietary nutrition intake and children’s growth and development by introducing dietary diversity scores (DDS). Still, the conclusions are inconsistent (9–11), and more focus has been on preschool children (12, 13), with fewer studies targeting pupils. Based on this, we conducted a cross-sectional study to investigate the relationship between dietary intake and growth and development of pupils to provide more specific nutritional recommendations for the healthy growth of pupils.



2 Materials and methods


2.1 Participants

In this cross-sectional study, all participants were pupils from Shiyan City, Hubei Province, who were surveyed in July 2022. Inclusion criteria were as follows: able to cooperate with physical examination and questionnaire filling and have signed informed consent; aged 7–13 years old. Exclusion criteria were as follows: suffering from major diseases or diseases known to affect growth; recently taking medications that may affect their dietary intake. A total of 653 pupils were recruited, and 592 pupils were finally included in the analysis after excluding those with incomplete questionnaires and missing physical examination indicators.



2.2 Questionnaire

Using a standardized questionnaire, data on the social-demographic characteristics, caregivers, lifestyle habits, residential information and dietary intake was collected. All questionnaires were filled out under the guidance of investigators, who had received training before the investigation. Age, gender, grade, main caregivers, caregivers’ current smoking status, dietary intake (fruit, vegetable, coarse grain, sugary beverage, salty and peppery, etc.) and lifestyle habits were all included in the data collection. Caregivers’ current smoking status was recorded as yes, no, quit smoking for more than 1 year, or quit smoking for less than 1 year. Lifestyle habits included weekday sleep time, weekend sleep time, midday nap time, daily homework time, and daily physical activity (PA) time in the past 3 months, etc. PA time per day was recorded as less than 30 min, 30 min to 1 h, and greater than or equal to 1 h. The average weekly nocturnal sleep time was calculated by multiplying the weekday sleep time by 5, the weekend sleep time multiplied by 2, and then dividing the sum by 7. Additionally, written informed consent was obtained from all subjects.



2.3 Assessment of growth and development

Trained surveyors measured growth and development indicators according to the methods described in the Chinese Students’ Physical Fitness and Health Research Report 2010 (14) and the 2014 National Student Physical Fitness and Health Survey Manual (15). The height and sitting height are measured by the instrument of height and sitting height meter (Jiangsu Suhong Medical Equipment Limited Company, China). The subjects are required to took off their shoes and hats, keep their heads upright, and keep their eyes level. The weight, body fat rate, and fat weight were measured by an smart electronic scale (Xiaomi Company, China). During the measurements, subjects were asked to wear loose clothing and remove their shoes and socks. Body mass index (BMI) was calculated as weight divided by height squared (kg/m2). The stature-sitting height index was calculated as the ratio between sitting height and body height. These measurements were recorded in two decimal places. When measuring waist circumference and chest circumference, subjects were asked to stand naturally, with their feet shoulder-width apart, shoulders relaxed, and to breathe gently without tightening their abdomen or holding their breath. The waist circumference was obtained by wrapping a measuring tape around the upper edge of the belly button at a level of 1 cm with a bare waist and abdomen. The chest circumference was measured using a tape measure with the arms hanging naturally. Both measured values were recorded in one decimal place. The standing long jump is an indicator that reflects lower limb explosive power and physical coordination ability (16), which can indirectly evaluate overall physical fitness and growth and development status. It needs to be tested on a non slip hard surface. The subjects were asked to jump the furthest possible distance from the take-off line while swinging both arms. The surveyor measured the horizontal distance between the closest landing site’s trailing edge and the take-off line’s trailing edge using a tape measure. Each subject was given three chances, and the best score was recorded in centimeters, no decimal places included. Handgrip strength was measured using a handgrip dynamometer while the subject was standing, with their feet placed half a step apart and their arm hanging naturally. Each subject was required to measure three times with both hands, and the largest reading was recorded as grip strength in kilograms, rounded to one decimal place.



2.4 Assessment of dietary intake

The dietary intake data was collected through a specially designed food frequency questionnaire, which was completed independently by the pupils after investigator instruction. According to the recommendations of the “Dietary Guidelines for Chinese School-aged Children (2022),” dietary intake included the weekly frequency of breakfast and weekly intake frequency of vegetables, fruits, meat, coarse grains, milk, eggs, fish, and soybeans in the past 3 months. Food intake frequency is typically classified as less than once a week, 1 to 2 times a week, 3 to 5 times a week, and more than 5 times a week.

The dietary diversity score is one of the indicators used to assess nutritional adequacy and overall diet quality, reflecting the consumption of various foods between and within each food group (9, 17). The higher dietary diversity score indicates better micronutrient adequacy and overall dietary quality (12). According to our design, eight food groups were utilized to evaluate dietary diversity, including vegetables, fruits, meat and meat products (including pork, beef and mutton, offal, etc.), coarse grains (corn, millet, sweet potato, yam, etc.), eggs, fish or fish products, milk or milk products, and soybeans or soybean products (soymilk, tofu, etc.). Pupils who consumed any of these foods more than twice in the past week were considered to have consumed that food group and one point was recorded. In this study, the total dietary diversity score is 8, we defined DDS ≤ 4 as low dietary diversity and DDS > 4 as high dietary diversity.



2.5 Covariates

Some important potential covariates are included in the model to adjust the analysis. For example, gender (boy or girl), age (continuous, years), caregivers’ current smoking status (yes, no, quit smoking more than 1 year or quit smoking less than 1 year), breakfast times per week (continuous, times/week), weekly nocturnal sleep time (continuous, hours/day), weight (continuous, kg), BMI (continuous, kg/m2), PA time per day (< 30 min, 30 min −1 h, ≥1 h), and dietary intake of vegetable, fruit, meat, coarse grain, milk, egg, fish and soybean (< 1 times/week, 1–2 times/week, 3–5 times/week, > 5 times/week).



2.6 Statistical analysis

EpiData version 3.0 (EpiData Association, Odense, Denmark) was used to enter this questionnaire and create a database. Subsequently, the Statistical Package for Social Science (version 25.0, SPSS Inc., USA) and R software (version 4.1.1, R Foundation for Statistical Computing, Austria) were used for all statistical analyses. Mean and standard deviation (SD), frequency (N), and proportion (%) were used to describe the basic characteristics and dietary intake of the pupils. Crude data were compared using the Chi-square test for categorical variables and the t-test for numerical variables. The multiple generalized linear regression models were used to explore the association between dietary intake and growth and development of pupils, adjusting for multiple covariates in four models. Model 1 adjusted for gender, age, caregivers’ current smoking status, breakfast, weekly nocturnal sleep time, physical activity time and dietary intake (vegetable, fruit, meat, coarse grain, milk, egg, fish and soybean). Model 2 adjusted for variables in Model 1 and weight. Model 3 adjusted for the variables in Model 1 and BMI. Model 4 adjusted for the variables in Model 1 along with weight and BMI. Differences were considered statistically significant when p values were less than 0.05.




3 Results


3.1 Population characteristics

The characteristics of the study population stratified by gender are shown in Table 1. Among the 592 pupils, the proportion of boys (48.1%) was lower than that of girls (51.9%). The average age of all pupils was 9.71 years, with boys being 9.72 years and girls being 9.70 years old on average. In other aspects, the mean weight, BMI, sitting height, stature-sitting height index, waist circumference, chest circumference, standing long jump, and grip strength of boys were significantly higher than those of the girls, while body height, body fat rate, and fat weight showed the opposite trend.



TABLE 1 Main characteristics of pupilsa.
[image: Table1]



3.2 Dietary intake and dietary diversity

Table 2 presents a summary of the dietary intake distribution among students of different genders. The average DDS of pupils was 4.05. There was no gender difference in dietary diversity (p = 0.930), but girls had greater DDS than boys (4.05 vs. 4.04). The proportion of pupils with low DDS was 59.1% (350/592, with 167 boys and 183 girls). Additionally, only a small proportion of pupils consumed fish (> 5 times/week 6.6%) and soybean (> 5 times/week 6.9%). There were statistically significant differences in fruit intake (p = 0.002), meat intake (p = 0.036), and milk intake (p = 0.001) among pupils of different genders.



TABLE 2 Distributions of dietary intake in pupilsa.
[image: Table2]



3.3 Association between dietary diversity score and growth and development

The associations between DDS and growth and development measurement indicators are depicted in Table 3 through generalized linear regression analysis. In the fully adjusted model, we observed a negative association between standing long jump and DDS for all pupils (β = −6.735, 95% CI: −12.064, −1.406). In addition, body fat rate (β = −2.650, 95% CI: −4.794, −0.507), fat weight (β = −1.283, 95% CI: −2.286, −0.280), and chest circumference (β = −1.456, 95% CI: −2.789, −0.123) were also negatively correlated with DDS in boys. However, none of the correlations between DDS and the other indicators were statistically significant, so we conducted separate analyses for the intake of each food group.



TABLE 3 Association between dietary diversity score and growth and development.
[image: Table3]



3.4 Association between dietary intake and growth and development

Figure 1 illustrates the relationship between various dietary intake and growth and development (fully adjusted model). Among all pupils, meat intake was positively correlated with chest circumference (β = 0.420, 95% CI: 0.119, 0.721) and negatively correlated with standing long jump (β = −1.991, 95% CI: −3.902, −0.080); milk intake was positively correlated with waist circumference (β = 0.470, 95% CI: 0.007, 0.932); soybean intake was negatively correlated with body fat rate (β = −0.583, 95% CI: −1.125, −0.042), fat weight (β = −0.262, 95% CI: −0.517, −0.006), and waist circumference (β = −0.607, 95% CI: −1.050, −0.164); and vegetable intake was negatively correlated with height (β = −0.290, 95% CI: −0.496, −0.084), and positively correlated with stature-sitting height index and waist circumference (p < 0.05) (see Supplementary Tables 1–8 for details). Some of these results were statistically significant in the gender-stratified analyses. For example, meat intake was positively associated with BMI and waist circumference in boys, and with chest circumference in girls. Milk intake was positively correlated with waist circumference in boys and standing long jump in girls, and coarse grain intake was positively correlated with height in boys and weight in girls. Soybean intake was inversely associated with waist in both boys and girls. Vegetable intake was negatively associated with height in both boys and girls.

[image: Figure 1]

FIGURE 1
 The association between dietary intake and growth and development. Data were presented as effect estimates (β) and a 95% confidence interval (95% CI). Adjusted for gender, age, caregivers’ current smoking status, breakfast, weekly nocturnal sleep time, physical activity time, weight, BMI and dietary intake (vegetable, fruit, meat, coarse grain, milk, egg, fish and soybean) (not applicable to weight and BMI), and except for the analyzed food group. Gender was excluded when stratified by gender, p < 0.05.




3.5 Association between the frequency of meat, milk, coarse grain, soybean and vegetable intake and growth and development

Figure 2 illustrates the correlation between the frequency of meat, milk, coarse grain, soybean and vegetable intake with all pupils’ growth and development. Compared with eating meat less than once a week, eating meat more than twice a week was positively associated with BMI (β = 0.266, 95% CI: 0.007, 0.525) and chest circumference (β = 0.808, 95% CI: 0.197, 1.419) and negatively associated with standing long jump (β = −3.897, 95% CI: −7.725, −0.069) in pupils. In addition, milk intake more than five times per week was positively associated with waist circumference (β = 1.030, 95% CI: 0.085, 1.975) and standing long jump (β = 5.657, 95% CI: 1.098, 10.215) of pupils. Soybean intake more than once a week was negatively associated with body fat rate, fat weight, and waist circumference of pupils (p < 0.05). Vegetable intake more than five times a week was negatively associated with height and positively associated with waist circumference of pupils (p < 0.05). The relationship between dietary intake frequency and growth and development for boys and girls is shown in Supplementary Tables 9–18.

[image: Figure 2]

FIGURE 2
 The association between the frequency of meat, milk, coarse grain, soybean and vegetable intake and growth and development. Data were presented as effect estimates (β) and a 95% confidence interval (95% CI). Adjusted for gender, age, caregivers’ current smoking status, breakfast, weekly nocturnal sleep time, physical activity time, weight, BMI and dietary intake (vegetable, fruit, meat, coarse grain, milk, egg, fish and soybean) (not applicable to weight and BMI), and except for the analyzed food group, p < 0.05.





4 Discussion

This cross-sectional study investigated the relationships between dietary intake and the growth and development of pupils in Hubei, China. The results showed that, after adjusting for confounding factors, the DDS was negatively correlated with standing long jump of all pupils and body fat rate, fat weight, chest circumference of boys. Furthermore, there were significant correlations between the intake of meat, soybean, milk, coarse grain, and vegetable and growth and development indicators, and the effects of higher frequency of meat, milk, coarse grain and soybean intake on the growth and development of pupils were more obvious.

Weight, height, and BMI are crucial indicators of children’s developmental stage. Among children aged 7 to 12 years, girls had a higher average height compared to boys, while boys had a higher average weight compared to girls. However, these measurements had no statistically significant differences between the genders. This finding does not align with the results of previous studies (18, 19). This difference could be attributed to girls reaching puberty earlier than boys, which could explain their higher height (18). In addition, boys are traditionally expected to be powerful and girls to be slender in rural Chinese viewpoints. Therefore, girls and their families may restrict their diet (20).

Our study showed that the average DDS of pupils was 4.05, with 59.1% having a low DDS. Compared with the results of other studies (12, 21, 22), it was lower than the average DDS value reported by Meng et al. (6.11), Hu et al. (4.67) and Bi et al. (5.77). Diverse study populations and variations in DDS measurement could account for the discrepancies in DDS results between studies (22). Meng et al. (21) collected dietary data over a three-day period, investigated children aged 3–17 years, and utilized a DDS calculation method that did not specify a minimum consumption for any food category. Hu et al. and Bi et al. focused on preschool children in the poor areas of ethnic minorities, collecting dietary information within a 24-h period (12, 22). However, this study collected the frequency of food intake within a week, and the subjects also came from impoverished rural areas.

Body fat rate, fat weight, chest circumference are considered as important indicators of obesity. To the best of our knowledge, no previous studies found a direct association between DDS and body fat rate, fat weight, and chest circumference. However, a study conducted in Iran suggested that DDS was associated with a lower risk of obesity and abdominal adiposity (23). Another study demonstrated a negative correlation between DDS and Waist-to-Hip Ratio (WHR), indicating that dietary diversity may improve overall health by influencing fat distribution in the body (24). A diverse diet can provide essential micronutrients such as fiber (25), which aids in increasing satiety and reducing calorie intake. Standing long jump can reflect the body’s lower limb muscle strength. Our study found a negative association between DDS and standing long jump in pupils. This finding contradicts common expectations. It may be because there is currently no international consensus on the methods for measuring DDS (including food group classification, minimum quantity requirements for food consumption, and reference times) (22), and the specific level of food was not considered in our design.

It is well known that increasing the intakes of meat not only increases protein intake but also raises total energy intake, leading to fat accumulation in the body and having adverse effects on body composition and energy regulation (26). A systematic review and meta-analysis investigating the relationship between red and processed meat consumption and obesity revealed a direct correlation between the intake of these meats and the risk of obesity, higher BMI, and increased waist circumference (27). A cross-sectional study based on the Chinese population found that there is a positive correlation between red meat consumption and BMI, and eating more red meat may increase BMI (28). Similarly, a multiethnic cohort study indicated that diets high in processed and red meats may contribute to obesity and the accumulation of body fat (29). These are similar to our research results. In our study, meat intake were positively correlated with boys’ BMI and waist circumference, girls’ chest circumference. However, meat intake was negatively correlated with standing long jump of pupils. We speculate that this may be due to the fact that most common consumed meat by pupils in our study area is pork. Pork has a high fat content and is generally cooked with high oil, which is not conducive to increasing muscle mass.

Milk and dairy consumption can provide a rich source of protein, fat, calcium, and vitamin D to the human body (30), all of which are essential elements of a healthy and balanced diet. At present, there is no consistent conclusion regarding the relationship between milk and dairy product intake and indicators of overweight and obesity. A meta-analysis of 37 randomized controlled trials found that increased dairy intake was associated with reductions in body weight, body fat, and waist circumference (31). In another cross-sectional study, it was observed that increased consumption of milk and dairy products led to an increase in waist circumference, but not related to BMI (32). In this study, milk intake was positively correlated with waist circumference. This may be because certain components of milk, such as lactose and saturated fat, may cause metabolic changes in some populations, further affecting fat distribution. Furthermore, we found a positive association between standing long jump performance and milk intake, which is consistent with the conclusion of zhang et al. (33). Vitamin D in milk can enhance the body’s absorption of calcium, thereby promoting bone growth, maintaining bone density and muscle strength (33).

The traditional classification of grains in China generally includes rice and its products, wheat products, and other cereals. Other grains are typically treated as coarse grains, similar to the Western definition of whole grains (34). Some previous studies have shown that a higher intake of whole grains is associated with a lower risk of overweight or obesity (35–37). To our surprise, this study found a positive correlation between the intake of coarse grain and weight. We suspect that this may be because Chinese people add other ingredients or even fry them to improve the appearance and taste of whole grains, which increases fat content and contributes to obesity. In addition, we also found a certain positive correlation between the intake of coarse grain and height. The dietary fiber in coarse grain helps regulate intestinal function, promote digestion and absorption, improve the body’s utilization of nutrients, thereby supporting bone growth and development, and promoting height growth (38).

In our study, soybean intake was negatively correlated with body fat rate, fat weight, and waist circumference of pupils. This finding is inconsistent with the results of another study conducted in children and adolescents (39). However, several previous studies have found that soybean supplements can help control body weight and prevent obesity (40, 41). Soybean foods are rich in protein and soy isoflavones (42), which can limit or reduce fat accumulation in the body, resulting in weight loss (43). Moreover, soybeans have high dietary fiber content, which promotes satiety and reduces energy intake (44).

Vegetables are widely believed to be able to control weight due to their low energy density, lowest dietary fat content, and rich vitamin dietary fiber (45). However, the findings on the association between vegetable consumption and body weight and waist circumference are inconsistent. A systematic review of a cohort study found a negative correlation between vegetable intake and weight related outcomes (46). Another prospective cohort study found that increased intake of starchy vegetables was positively associated with weight gain and increased intake of non-starchy vegetables was negatively associated with weight gain (47). This study found a positive correlation between vegetable intake and waist circumference, possibly due to local pupils consuming more starchy vegetables such as peas, corn, and potatoes. Furthermore, contrary to previous research findings (48, 49), we found a negative correlation between vegetable intake and height in primary school students. Generally speaking, vegetables are considered an important source of calcium, but vegetables such as spinach, cabbage, and broccoli contain phytic acid and calcium oxalate, which combine with calcium in food to form insoluble calcium salts, making it difficult for the body to absorb calcium (50). Over time, this may affect bone development. The vegetables intake by the subjects of this study are likely to be mostly of these types. Therefore, more specific investigations on the types of vegetables consumed are needed in the follow-up to further verify this result.

This study examined the association between dietary diversity, dietary intake of each food group, and growth and development in pupils while controlling for confounding variables. However, the present study also has several limitations. Firstly, this study is a cross-sectional design and its causal relationship cannot be determined. Therefore, further studies with a prospective design are required to confirm our findings. Secondly, we collected weekly food intake frequency over the past 3 months, which may be susceptible to recall bias and may not accurately reflect participants’ dietary intake. In the future, we will compare the situation before and after specific dietary intake based on foods’ amount. Thirdly, there might have been bias in the selection process because the study participants were from rural areas.



5 Conclusion

In conclusion, this study demonstrates that DDS was negatively associated with standing long jump in all pupils and body fat rate, fat weight, and waist circumference in primary school boys. In the food groups studied, the intake of meat, milk, soybean, coarse grain, and vegetable was correlated with growth and development indicators such as height, weight, BMI, body fat rate, and waist circumference, and dietary intake should be purposefully controlled. Future studies need to more fully consider specific dietary types and intake levels.
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dSveicpmen Total (n Boy (n = 118/167) Girl (n = 124/183)
(95% CI) (95% Cl) p-Value $(95% CI) p-value
Body height, cm
Model 1 0.513 (1392, 2.417) 0.598 1.742 (—1.163, 4.647) 0.240 0.201 (—2.396, 2.799) 0.879
Model 2 0.878 (~0.580, 2.336) 0.238 1.799 (—0.409, 4.007) 0.110 0.994 (0981, 2.969) 0.324
Model 3 0.803 (—0.994, 2.600) 0381 2.029 (—0.684, 4.742) 0.143 0.629 (~1.837, 3.095) 0617
Model 4 0.234 (0351, 0.819) 0.433 0.368 (—0.466, 1.202) 0.387 0.607 (—0.225, 1.439) 0.153
Weight, kg
Model 1 =0.727 (=3.170, 1.716) 0.560 =0.122 (~4.148, 3.903) 0.952 —1.432 (-4.484, 1.621) 0.358
Model 3 0.308 (~0.611, 1.227) 0.512 0917 (=0.508, 2.342) 0.207 0.012(-1.218, 1.242) 0.985
BMI, kg/m®
Model 1 —0.442 (~1.408, 0.524) 0.370 —0.449 (-2.074, 1.176) 0.588 —0.602 (~1.768, 0.564) 0311
Model 2 —0.175 (~0.538, 0.188) 0.345 —0.402 (=0.977,0.173) 0.170 —0.102 (=0.571, 0.368) 0.672
g height, cm
Model 1 —0.160 (~1.300, 0.981) 0.784 0.306 (—1.452, 2.064) 0.733 —0.190 (—1.742, 1.362) 0.810
Model 2 0.053 (~0.834, 0.941) 0.906 0.339 (-1.038, 1.716) 0.629 0.284 (—0.896, 1.464) 0.637
Model 3 0.047 (=1.000, 1.094) 0929 0.502 (-1.106, 2.111) 0.541 0.139 (~1.279, 1.556) 0.848
Model 4 =0.217 (~0.906, 0.473) 0538 =0.275 (~1.340, 0.789) 0.612 0.128 (~0.808, 1.065) 0.788

Stature-sitting height index

Model 1 ~0.299 (<0771, 0.173) 0215 ~0.425 (~1.152,0.302) 0252 —0.188 (<0829, 0.454) 0566
Model 2 ~0.287 (<0758, 0.183) 0232 ~0.424 (~1.149,0.302) 0252 ~0.155 (<0794, 0.483) 0.634
Model 3 ~0.262 (~0.728,0.203) 0269 ~0.395 (~1.114,0.324) 0282 ~0.119 (<0748, 0.509) 0.709
Model 4 ~0.232(~0.689, 0.225) 0320 ~0.306 (~1.014,0.402) 0397 ~0.118 (~0.734,0.497) 0.706

Body fat rate, %

Model 1 ~1.659 (~3.959, 0.641) 0.158 ~3.549 (~6.875,-0.223) 0,037 ~0.715 (~3.962,2.532) 0.666
Model 2 1164 (~2.754,0.426) 0151 ~3.480 (~5.924, -1.036) 0.005 0,515 (~1.401, 2.431) 0,598
Model 3 ~0.812(~2175,0.552) 0243 ~2:850 (~5.011,-0.690) 0010 0.795 (~0.621,2211) 0271
Model 4 ~0.763 (~2.119,0.593) 0270 ~2.650 (~4.794, ~0.507) 0.015 0.796 (~0.614, 2.206) 0.268
Fat weight, kg
Model 1 ~0.899 (~2.164, 0.366) 0.164 —1583 (~3.442,0.277) 0.095 ~0.676 (~2.449, 1.096) 0454
Model 2 ~0.583 (~1269,0.103) 0,09 ~1536 (~2.599, ~0.473) 0.005 0,066 (0731, 0.863) 0870
Model 3 ~0.407 (~1.071,0.257) 0.230 ~ 1153 (=274, -0.133) 0.027 0.149 (<0619, 0917) 0704
Model 4 ~0.465 (~1.107,0.177) 0.155 ~1.283 (~2.286,-0.280) 0.012 0.146 (~0.561, 0.853) 0,686
Waist, cm
Model 1 ~0.667 (~3.009, 1.676) 0577 ~0728 (~4.670,3.213) 0717 1329 (~4.068, 1.410) 0342
Model 2 ~0.063 (~1237, 1.111) 0916 ~0.621 (~2.350, 1.108) 0.482 ~0.257 (~1.769, 1.255) 0739
Model 3 0.258 (~0.925, 1.441) 0.669 0250 (<1476, 1.976) 0777 ~0.185 (~1.797, 1.428) 0823
Model 4 0.121(~0.990,1.232) 0831 ~0.164 (~1.770, 1.442) 0.841 ~0.191 (~1.671,1.290) 0.801
Chest, cm
Model 1 ~0.810 (~2824,1.203) 0430 ~1767 (~4.912,1.379) 0271 ~0.162 (~2813,2.488) 0.904
Model 2 ~0.269 (~1.139, 0.600) 0543 — 1681 (~3.047,-0.314) 0016 0.971 (<0123, 2.064) 0.082
Model 3 ~0.013 (~1.019,0.994) 0.980 ~1.004 (~2.507,0.499) 0.191 1,007 (~0.372, 2.387) 0.152
Model 4 ~0.191 (~1.045, 0.663) 0.661 ~1.456 (-2.789, ~0.123) 0.032 0,999 (~0.086, 2.085) 0.071
Standing long jump, cm
Model 1 ~5.703 (~11.331, ~0.076) 0.047 ~7.181 (~16.16, 1.804) 0177 ~3.209 (~10206, 3.787) 0369
Model 2 ~5.954 (~11519, ~0.388) 0036 ~7.244 (~15.983, 1.494) 0.104 ~3.286 (~10.290, 3.718) 0.358
Model 3 ~6.338 (~11.795, ~0.850) 0023 ~7.181 (=16.166, 1.804) onz ~3.200 (~10206, 3.787) 0.369
Model 4 6735 (~12.064, ~1.406) 0.013 ~9.187 (~17.500, ~0.874) 0.030 3632 (~10452, 3.189) 0.297
Grip strength, kg
Left hand
Model 1 0.126 (<0830, 1.082) 0.797 0,642 (~0.812, 2.09) 0.387 ~0.283 (~1.557,0.991) 0.663
Model 2 0.250 (<0611, 1.110) 0569 0.661 (<0658, 1.979) 0326 ~0.007 (~1.139, 1.124) 0,99
Model 3 0.258 (<0654, 1.170) 0579 0.758 (<0635, 2.151) 0.286 ~0.065 (~1.270, 1.139) 0915
Model 4 0,125 (~0.696, 0.946) 0.766 0355 (~0.893, 1.604) 0577 ~0.070 (~1.164, 1.023) 0900
Right hand
Model 1 0.220 (<0754, 1.194) 0658 0.683 (~0.859,2.224) 0.386 ~0037 (~1.272,1198) 0953
Model 2 0355 (~0.507, 1.217) 0419 0.703 (~0.678, 2.084) 0318 0,257 (~0.809, 1.323) 0.637
Model 3 0.365 (~0.557, 1.286) 0438 0814 (<0653, 2.281) 0277 0.197 (0954, 1.348) 0737
Model 4 0.222(-0.595, 1.039) 0594 0379 (~0.926, 1.684) 0.569 0.192 (<0831, 1.214) 0713

The bold values indicates that the difference is statistically significant,
Data were presented s (95% CI).

Model 1 adjusted for gender, age, caregivers' smoking, breakfast, weekly nocturnal sleep time, physical activity time and dietary intake (vegetable, fruit, meat, coarse grain, milk, egg, ish and soybean), and except for gender.

Model 2 adjusted for gender, age, caregivers' smoking, breakfast, weekly nocturnal sleep time, physical activty time, weight and dietary intake (vegetable fruit, meat, coarse grain, milk, egg,fish and soybean), and except for gender (not applicable to weight.

Model 3 adjusted for gender, age, caregivers' smoking, breakfast, weekly nocturnal sleep time, physical activity time, BMI and dietary intake (vegetable, fuit, meat, coarse grain, milk, egg, fish and soybean), and except for gender (not applicable to BMI).

Model 4 adjusted for gender, age, caregivers’ smoking, breakfast, weekly nocturnal sleep time, physical activity time, weight, BMI and dietary intake (vegetable, fruit, meat, coarse grain, milk, egg, fish and soybean), and except for gender (not applicable to weight and
BMI).
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Characteristic Total (n = 592) Gender p-value®

Boy (n = 285) Girl (n = 307)

Age, years 9.71(1.34) 9.72(132) 9.70 (1.37) 0912
Body height, cm 138.75 (9.86) 13861 (9.52) 13889 (10.18) 0727
Weight, kg 3313 963) 3382(997) 32489.27) 0092
BMI, kg/m® 1693 (3.34) 17.34(3.66) 16,56 (2.96) 0.005
Sitting height, cm 7465 (5.23) 7468 (5.08) 7461 (536) 0870
Stature-sitting height index 5383 (161) 5391 (1.64) 5375 (1.59) 0235
Body fat rate, % 1413 (7.98) 12,68 (7.82) 15.47 (7.90) <0001
Fat weight, kg 528 (447) 492 (441) 562 (4:50) 0057
Waist, cm 59.41(8.41) 6122(932) 57.63(7.15) <0.001
Chest, cm 6631 (7.75) 6745 (7.77) 65.25(7.59) 0.001
Standing long jump, cm 130.70 (24.06) 138.11(25.19) 122,82 (20.74) <0.001
Grip strength, kg

Lefthand 13.16 (4.20) 1413 (4.22) 12.26 (3.98) <0.001

Right hand 1430 (444) 15.28 (4.58) 13.39 (4.10) <0.001
Weekly nocturnal sleep time, hours/
- 9,56 (0.89) 9.54(091) 9.57(0.86) 0.688
Breakfast, times/week 615 (1.52) 6.09 (1.64) 6.21(1.40) 0313
Physical activity time per day

<30 min 124(209) 57(20.0) 67 (21.8)

30 min-1h 359(60.6) 162 (56.8) 197 (64.2) 0016

=1h 109 (18.4) 66(23.2) 43 (14.0)
Caregivers’ current smoking status

Yes 191(322) 95(333) 96 (31.2)

No 364 (61.4) 173 (60.7) 191 (622)

0877
Quit smoking more than 1 year 31(5.2) 15(52) 16(52)
Quit smoking less than 1 year 6(10) 2(07) 4013)

‘Data were presented as Mean (SD) for continuous variables or n (%) for categorical variables.
"p-values were calculated from f test for numerical variables and Chi-square test for categorical variables.
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Dietary intake Total (n = 592) Gender

Boy (n = 285) Girl (n = 307)
Dietary diversity score 405 (1.87) 4.04(191) 405 (1.84) 0.930
Dietary diversity
Low dietary diversity 350 (59.1) 167 (58.6) 183 (59.6)
High dietary diversity 242(409) 118 (41.4) 124 (404) o0

Vegetable intake, times/week

<1 35(59) 22(7.7) 13(42)
1-2 94(15.9) 44(154) 50 (16.3)
0134
35 169 (28.5) 72(25.3) 97 (31.6)
>5 294 (49.7) 147 (51.6) 147 (47.9)
Fruit intake, times/week
<1 58(9.8) 35(123) 23(7.5)
12 124(209) 58(204) 66 (21.5)
0002
35 240 (40.5) 96(33.7) 144 (46.9)
>5 170(28.7) 96(33.7) 74 (24.1)
Meat intake, times/week
<1 142 (24.0) 75(263) 67(21.8)
12 204(345) 87(305) 1738.1)
0036
35 156 (26.4) 70(246) 86(28.0)
>5 90(152) 53(186) 37(12.1)
Coarse grain intake, times/week
<1 113.(19.1) 56 (19.6) 57 (186)
12 243 (41.0) 104 (36.5) 139 (453)
0149
35 162 (27.4) 84(295) 78 (25.4)
>5 74(125) 41014.4) 33(107)
Milk intake, times/week
<1 54(9.1) 31(10.9) 23(7.5)
12 134(226) 77 (27.0) 57(186)
0001
35 306 (51.7) 123 (432) 183 (59.6)
>5 98(16.6) 54(18.9) 44(143)
Egg intake, times/week
<1 91(15.4) 46 (16.1) 45 (14.7)
12 234(395) 103 (36.1) 131 (427)
0125
35 182(30.7) 86(30.2) 96 (31.3)
>5 85(14.4) 50 (17.5) 35(11.4)
Fish intake, times/week
<1 181 (30.6) 88(30.9) 93(303)
12 245 (41.4) 110 (38.6) 135 (40.0)
0371
35 127(215) 64(225) 63(205)
>5 39(6.6) 23(8.1) 16(52)
Soybean intake, times/week
<1 144(243) 73(256) 71(23.0)
1-2 245 (41.4) 120 (42.1) 125 (40.7)
0720
35 162(27.4) 72(25.3) 90(29.3)
>5 41(69) 20(7.0) 21(68)

‘Data were presented as Mean (SD) for continuous variables or n (%) for categorical variables.
‘p-values were calculated from t test for numerical variables and Chi-square test for categorical variables. Data were presented as f (95% CI).
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