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Abstract

:

Objectives: To investigate the prevalence of overweight and obesity among Ningbo students and explore the association between students’ dietary behavior and overweight and obesity. Materials and Methods: A total of 7299 students were recruited, including 3755 males and 3544 females. A questionnaire on student health status and influencing factors was used to investigate dietary behavior. Logistic regression analysis investigated the relationship between dietary behavior and overweight and obesity. Age, gender, area, grade, sleep duration, and physical activity were adjusted in the multivariate regression models. Results: This study revealed that the prevalence of overweight and obesity in Ningbo students was 16.14% and 9.88%, respectively. The logistic regression analysis results showed that regular consumption of sugary beverages was associated with a higher risk of being overweight (OR = 1.256, 95% CI: 1.023–1.542, p = 0.029). The research indicated that skipping breakfast was considered a risk factor for obesity (OR = 2.102, 95% CI: 1.087–4.065, p = 0.027). After adjusting for age, gender, area, and grade and continuing to adjust for sleep duration and physical activity, the results showed that consuming fried food at least once a day increased the risk of obesity (OR = 1.494, 95% CI: 1.050–2.125, p = 0.026; OR = 1.516, 95% CI: 1.065–2.158, p = 0.021, respectively). This study found that the frequency of breakfast and the consumption of fried food, fresh vegetables, and fruits were not significantly associated with being overweight (p > 0.05). Conclusions: This study indicated that dietary behavior was related to overweight and obesity among Ningbo students. Further studies and more government support are required to confirm this study’s findings and address the current overweight/obesity problems.
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1. Introduction


Obesity is a complex, multifactorial, noncommunicable disease defined by excessive adiposity [1]. Over the past few decades, the global obesity problem has become increasingly prominent due to rising economic levels, and the number of overweight (OW) and obesity (OB) individuals has increased [2,3]. A study found that global childhood obesity has skyrocketed, with a more than eightfold increase over 40 years [4]. According to a report on nutrition and chronic diseases in Chinese residents (2020) [5], the prevalence of children and adolescents aged 6–17 years with OW and OB reached 11.7% and 7.9%, respectively. Children and adolescents with OW/OB not only affect their growth, development, and mental health [6,7], but they also may have an increased risk of chronic diseases in adulthood, such as hypertension [8,9], diabetes [10,11], and cardiovascular disease [12,13]. Multiple studies have shown that OW/OB in children is independently associated with the risk of cardiovascular disease, cardiovascular disease, and all-cause mortality [14,15], resulting in enormous overall disease costs, including healthcare costs and potential economic losses [16]. Childhood OW/OB has brought significant challenges to children, parents, and even the country. The increased annual total medical costs were USD 237.55 per capita, attributable to childhood OW and OB. OW and OB caused a per capita increase of USD 56.52, USD 14.27, USD 46.38, and USD 1975.06 for costs in nonhospital healthcare, outpatient visits, medication, and hospitalization, respectively. Annual direct and indirect costs were projected to be USD 13.62 billion and USD 49.02 billion by 2050 [17].



With the increasing burden of childhood OW/OB, there is an urgent need for early identification and control of its occurrence and development, which is the key to prevention and control. OW/OB results from a combination of several factors, including genetics [18], environment [19], and behavior [20], among which unhealthy eating habits and patterns are major contributors to increasing OW/OB. For example, research showed that overconsumption of high-fat/sugar-containing foods and beverages contributes to the development of obesity [21]. Different from the influence of genetic factors on OW/OB, external factors such as healthy behavior and lifestyle are controllable, and compared with drug treatment, a change in behavior and lifestyle has a better cost–benefit, which is the most simple, economical, and effective way for children to obtain health [22]. Therefore, the occurrence and development of OW/OB can be prevented and controlled in the early stages by exploring the most beneficial exposure in the behavioral lifestyle to change the adverse behavioral lifestyle. As mentioned above, given the increasing rates of childhood OW/OB and the annual growth in healthcare spending, a study on the association between OW/OB and dietary behavior in students is merited.



Our study was based on the National Monitoring and Intervention Project on Common Diseases and Health Influencing Factors among Students and explored the association between students’ diet and OW/OB. This study aimed to provide a scientific basis for dietary habit-related interventions to prevent OW/OB in schoolchildren.




2. Methods


2.1. Study Participants


This study was a population-based and cross-sectional study based in Ningbo, Zhejiang, China, from 2019 to 2021, using multistage stratified cluster random sampling. One urban and one rural area were randomly selected in 2019 and 2020, respectively. Two urban areas and one county were selected in 2021. Five schools (two middle schools, two high schools, and one vocational high school) from the urban area and three (two middle schools and two high schools) from the rural area were randomly selected. Then, classes were randomly selected in the school, and investigations were conducted on the whole class, with at least 80 students selected from each grade. A total of 7299 students were enrolled in our study. All participants’ parents or legally authorized representatives signed informed consent forms, and the Ethics Committee of Ningbo Centers for Disease Control and Prevention approved this study (Approval Code: Y2021006, Approval Date: 23 July 2021).




2.2. Dietary Behaviour


The survey was based on the National Monitoring and Intervention Project on Common Diseases and Health Influencing Factors among Students. A self-reported questionnaire estimated the students’ dietary behavior. The School Health Center of China Center for Disease Control and Prevention drafted, validated, and distributed the questionnaire. The questionnaire investigation was conducted with the class as a whole by professionally trained investigators, including the students’ basic information (gender, age, area, and grade); eating habits (frequency of sweetened beverages, fried food, fresh fruits, and vegetable consumption); and life behavior (frequency of breakfast eating, physical activity, and sleep duration). The consumption of sweetened beverages, fried food, fresh fruits, and vegetables was identified by asking the students, “How many times have you consumed sweetened beverages/fried food/fresh fruits/vegetables in the past seven days?”. The frequency of breakfast eating was identified by asking the students “Do you have breakfast every day in the past seven days?”.




2.3. Overweight and Obesity


Students’ physical examinations were scheduled on an empty stomach in the morning. In the daily examination, the retested objects were randomly selected in a proportion of 5%. The original examiner retested the physical examinations to test the error, and the allowable range of the test error was 0.5 cm for height and 0.1 kg for weight. OW/OB was distinguished according to the “Body mass index reference norm for screening overweight and obesity in Chinese children and adolescents” [23,24].




2.4. Statistical Analysis


The data of this study were established using EpiData 3.1 and analyzed by SPSS 19.0. The characteristics of the study subjects were described by the mean and standard deviation for continuous variables and by numbers and percentages for categorical variables. Logistic regression models were used in this study to investigate the association of the frequency of breakfast eating (treated as a tri-categorical variable: “every morning”, “only on occasion”, or “never”), the consumption of sweetened beverages (treated as a tri-categorical variable: “never”, “less than once a day”, or “once a day or more”), fried food (treated as a tri-categorical variable: “never”, “less than once a day”, or “once a day or more”), fruit (treated as a quad-categorical variable: “never”, “less than once a day”, “once a day or more”, or “two or more times a day”), and vegetables (treated as a quad-categorical variable: “never”, “less than once a day”, “once a day or more”, “two or more times a day”, or “two or more times a day”) with OW/OB. The odds ratios (ORs) and 95% confidence intervals (95% CIs) were used to assess the risk of OW/OB. Multivariable-adjusted Model 1 was adjusted for age, sex, area, and grade, and Model 2 was further adjusted for sleep duration and physical activity based on Model 1. GraphPad Prism 8 was used to draw the forest plot. A p value of <0.05 was considered statistically significant.





3. Results


3.1. General Characteristics


The general characteristics of the study participants are shown in Table 1. Among the 7299 students included, 51.45% were male, 66.68% were living in urban areas, 48.38% were junior middle school students, 39.28% were senior middle school students, 12.34% were vocational middle school students, and the average age was 15.09 ± 1.81 years.



There were 1178 students with OW and 721 students with OB, and the OW and OB rates were 16.14% and 9.88%, respectively. Students with OW/OB were younger (p < 0.001), more likely to be males (p < 0.001), junior middle school students (p < 0.001), and had physical activity between 1 and 2 h a day (p = 0.040).




3.2. Dietary Factors and Overweight


Figure 1 presents ORs and 95% CIs for the association between dietary factors and OW. There was no significant difference in the OW rate between the occasional breakfast eater (p = 0.197), breakfast skipper (p = 0.422), and regular breakfast eater (Figure 1A). Similarly, in the consumption of fried foods (Figure 1B), fresh vegetables (Figure 1C), and fruits (Figure 1D), it was observed that the frequency of consumption was not related to OW (p > 0.05). Then, we studied the association between the frequency of consumption of sugary beverages and OW (Figure 1E). The results from the crude and multivariable-adjusted models indicated no statistically significant difference in the risk of OW between occasional drinkers and nondrinkers (p > 0.05). However, regular drinkers were at a higher risk of OW than nondrinkers (OR = 1.256, 95% CI: 1.023–1.542, p = 0.029), which remained statistically significant after adjusting for age, sex, area, and grade (Model 1: OR = 1.324, 95% CI: 1.073–1.633, p = 0.009) and further adjusting for sleep duration and physical activity (Model 2: OR = 1.319, 95% CI: 1.069–1.628, p = 0.010).




3.3. Dietary Factors and Obesity


In Figure 2A, the research results showed no difference in the risk of OB between students who eat breakfast regularly every day and those who occasionally eat breakfast (p = 0.675). However, the OB rate of breakfast skippers was significantly higher than those of regular breakfast eaters (OR = 2.102, 95% CI: 1.087–4.065, p = 0.027). In multivariable-adjusted models, breakfast skippers still reported a higher risk of OB (Model 1: OR = 2.118, 95% CI: 1.084–4.137, p = 0.028; Model 2: OR = 2.073, 95% CI: 1.059–4.056, p = 0.033, respectively). In the analysis of the association between eating fried food and OB (Figure 2B), after adjusting for age, gender, area, and grade, eating fried foods at least once a day was considered a risk factor for OB (OR = 1.494, 95% CI: 1.050–2.125, p = 0.026). After continuing to adjust for sleep timing and exercise (OR = 1.516, 95% CI: 1.065–2.158, p = 0.021), the students who ate fried food at least once a day continued to have a higher risk of OB. Then, this study analyzed the frequency of eating vegetables (Figure 2C) and fresh fruits (Figure 2D) and the risk of OB and found no statistical significance in the risk of OB (p > 0.05). Finally, in the relationship between the frequency of consumption of sugary beverages and OB (Figure 2E), the results showed no statistically significant difference in the risk of OB between occasional drinkers and nondrinkers (p = 0.308). However, regular drinkers were at a higher risk of OB than nondrinkers (OR = 1.393, 95% CI: 1.030–1.884, p = 0.031), which remained statistically significant after adjusting for the variables (Model 1: OR = 1.513, 95% CI: 1.114–2.056, p = 0.008, Model 2: OR = 1.496, 95% CI: 1.101–2.034, p = 0.010, respectively).





4. Discussion


The World Health Organization has defined OW/OB as an epidemic [25]. Childhood and adolescence with OW/OB have become significant global public health problems [26]. Studies have predicted that the prevalence of OW/OB among children and adolescents in China could reach 31.8% by 2030, and the medical costs associated with OB could account for 22% of the total national medical expenditure [27]. This survey showed that the prevalence of OW and OB in Ningbo was 26.02%, higher than the 23.4% national detection rate in children and adolescents aged 7–18 years in 2019 [28]. This highlights the severity of childhood and adolescence with OW/OB in Ningbo, and more attention should be given to this issue. Researchers have indicated that environmental and socioeconomic factors play an essential role in the susceptibility and development of OW/OB [29,30]. Studies have found that socioeconomic development, represented by an increase in per capita gross domestic product and urbanization rates and a decrease in the Engel coefficient, is accompanied by improved stunting and wasting but a rapid increase in OW/OB [31,32,33,34]. As one of the leading cities in China, the economic growth of Ningbo has led to an increase in the residents’ household income, supporting the residents to spend more on the daily diet, thus expanding the diversity of the diet and resulting in increased consumption of high-energy foods [35]. Economic growth has provided a basis for the prevalence of OW/OB in children. However, unhealthy lifestyles, such as lack of physical activity [36], shortened sleep duration, and other factors [37,38], contribute more to childhood OW/OB. Our research was based on monitoring data from 2019 to 2020 during the coronavirus infection (COVID-19) pandemic. The higher rate of overweight and obesity compared with the national data for 2019 may also be due to the different living habits and nutritional status before and after COVID-19 [39]. Social distancing and online classes led to students staying home for a long time without going out. With the increase in time at home and screen time, dietary behaviors have also changed, increasing the intake of fast food, snacks, and high-calorie foods [40].



Our study also observed gender differences in the prevalence of OW/OB in students, with a higher proportion of boys with OW/OB than girls. According to Chen et al.’s research in Chongqing, China, the overweight and obesity rates of boys in children (aged 6–12 years) were higher than those of girls (15.97% vs. 10.51%, 12.33% vs. 4.53%, p < 0.001), which was consistent with our research [41]. The same results were also observed in studies in Suzhou and Shanghai, China [42,43]. This may be due to the differences in attitudes toward OW/OB in China [44]. Compared with boys, Chinese girls tend to pay more attention to their body shape, prefer slim and lean figures, and are more likely to control their weight [45]. Unlike girls, many parents consider heavier boys physically healthy and strong, leading to greater tolerance for OW/OB in boys. This may be one major reason for the difference in OW/OB rates between male and female students.



Dietary factors are another vital factor affecting OW/OB in children and adolescents [46]. In this study, we also investigated the association between students’ dietary behavior and OW/OB and found that regular consumption of sugary beverages was associated with a higher risk of being OW compared to students who never consumed; this is consistent with the results of other studies [47,48]. The present research also indicated that skipping breakfast was considered a risk factor for OB. The mechanism behind how skipping breakfast leads to OW/OB is still unclear. This may be due to excessive snacking among students who skip breakfast, and the energy intake from the snacks exceeds the energy required from breakfast [49]. Studies have reported that breakfast skippers have significantly decreased protein and dietary fiber intake and have lower physical activity than breakfast eaters, and skipping breakfast increases serum small dense low-density lipoprotein cholesterol concentration and causes unfavorable lipid profiles [50,51]. Research has demonstrated that eating breakfast can improve diet quality and increase physical activity [52]. Although fruits and vegetables are widely recognized as protective foods for childhood OB, weight management programs almost always encourage children and adolescents to eat more [53]. However, this study showed no significant association between the frequency of fruits and vegetables and OW/OB. This may be due to the limitations of the cross-sectional study for this survey. Students with OW/OB deliberately changed their eating behavior, such as increasing the intake of vegetables and fruits, which led to biased findings. Therefore, further research is needed to explore the relationship between the intake of vegetables and fruits and childhood OW/OB.



The strengths of this study were that it included a relatively large number of research subjects from several different schools and years and adjusted for possible confounding factors. However, this study still has certain limitations. First, as this is a cross-sectional study, it is essential to note that the associations observed may be bidirectional, and there is no clear evidence of the results. Second, in this study, dietary factors were estimated using a questionnaire to investigate the frequency of consumption, which may be affected by recall bias. The specific dietary intake such as other sugary foods that play an important role in overweight and obesity, was not considered in this study, which may cause some errors in evaluating the results. Moreover, different definitions of overweight and obesity in children and adolescents have been used in China and other countries, which add complexities to making comparisons across studies [54]. Therefore, more diverse research factors should be studied in future research, and further prospective cohort studies are warranted if permitted.



In summary, the rate of children and adolescents with OW/OB in Ningbo is relatively high despite the government implementing a health education program and issuing dietary guidelines to counter the threat of OW/OB. These measures aim to increase people’s knowledge of nutrition, promote the development of healthy dietary patterns, and maintain a healthy lifestyle. Despite progress in preventing OW/OB in children and adolescents, key factors that must be addressed remain uncertain. Among students, we should pay attention to boys and junior high school students, especially those with frequent consumption of sugary drinks, skipping breakfast, and regular fried food. Health education for children and adolescents should be strengthened, and healthy dietary habits should be developed. At the same time, nutrition knowledge for parents should also be emphasized to control the risk of OW/OB in children and adolescents.




5. Conclusions


The prevalence of overweight and obesity among children and adolescents in Ningbo was relatively high, and the frequency of consumption of breakfast, fried foods, and sugary beverages was related to overweight/obesity. Further studies and more government support are required to confirm the findings of this study and address current overweight/obesity problems. Health education should be strengthened for students, parents, and schools to change their dietary habits and prevent and control the occurrence and development of OW/OB.
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Figure 1. Logistic regression analysis of overweight and dietary behavior. (A). Logistic regression analysis of overweight and breakfast eating. (B). Logistic regression analysis of overweight and fried food eating. (C). Logistic regression analysis of overweight and vegetable eating. (D). Logistic regression analysis of overweight and fresh fruit eating. (E). Logistic regression analysis of overweight and sugar-sweetened beverages. Notes: OW, overweight; OR, odds ratio; CI, confidence interval; crude: confounding factors were not adjusted; Model 1, adjusted for age, gender, area, and grade; Model 2, sleep duration and physical activity were further adjusted based on Model 1. *, p < 0.05. The vertical line in the figure was an invalid line (OR = 1), the small dots were ORs, and the horizontal line represented the 95% CI. 
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Figure 2. Logistic regression analysis of obesity and dietary behavior. (A). Logistic regression analysis of obesity and breakfast eating. (B). Logistic regression analysis of obesity and fried food eating. (C). Logistic regression analysis of obesity and vegetable eating; (D). Logistic regression analysis of obesity and fresh fruit eating. (E). Logistic regression analysis of obesity and sugar-sweetened beverages. Notes: OB, obesity; OR, odds ratio; CI, confidence interval; crude: confounding factors were not adjusted. Model 1, adjusted for age, gender, area, and grade; Model 2, sleep duration, and physical activity were further adjusted based on Model 1. *, p < 0.05. The vertical line in the figure was an invalid line (OR = 1), the small dots were ORs, and the horizontal line represented the 95% CI. 
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Table 1. General characteristics of subjects in the OW group, OB group, and non-OW/OB group.
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	Characteristics
	Total (n = 7299)
	Non-OW/OB Group (n = 5400)
	OW Group (n = 1178)
	OB Group (n = 721)
	p Value





	Prevalence (%)
	-
	-
	16.14
	9.88
	



	Age
	15.09 ± 1.81
	15.15 ± 1.80
	15.05 ± 1.85
	14.74 ± 1.79
	<0.001



	Gender
	
	
	
	
	



	  Male
	3755 (51.45)
	2497 (46.24)
	754 (64.01)
	504 (69.90)
	<0.001



	  Female
	3544 (48.55)
	2903 (53.76)
	424 (35.99)
	217 (30.10)
	



	Area
	
	
	
	
	



	  Urban
	4867 (66.68)
	3604 (66.74)
	784 (66.55)
	479 (66.44)
	0.982



	  Rural
	2432 (33.32)
	1796 (33.26)
	394 (33.45)
	242 (33.56)
	



	Grade
	
	
	
	
	



	  Junior middle school
	3531 (48.38)
	2551 (47.24)
	570 (48.39)
	410 (56.87)
	<0.001



	  Senior middle school
	2867 (39.28)
	2159 (39.98)
	478 (40.58)
	230 (31.90)
	



	  Vocational senior middle school
	901 (12.34)
	690 (12.78)
	130 (11.04)
	81 (11.23)
	



	Sleep duration (h/day)
	7.70 ± 1.09
	7.69 ± 1.09
	7.72 ± 1.09
	7.75 ± 1.10
	0.229



	Physical activity/day
	
	
	
	
	



	  <1 h
	1734 (23.76)
	1328 (24.59)
	254 (21.56)
	152 (21.08)
	0.040



	  1–2 h
	2872 (39.35)
	2110 (39.07)
	485 (41.17)
	277 (38.42)
	



	  2–3 h
	1104 (15.13)
	800 (14.81)
	179 (15.20)
	125 (17.34)
	



	  ≥3 h
	1287 (17.63)
	946 (17.52)
	216 (18.34)
	125 (17.34)
	



	  Unknown
	302 (4.14)
	216 (4.00)
	44 (3.74)
	42 (5.83)
	



	Frequency of breakfast eating
	
	
	
	
	



	  Every morning
	6125 (83.92)
	4549 (84.24)
	975 (82.77)
	601 (83.36)
	0.281



	  Only on occasion
	1114 (15.26)
	809 (14.98)
	195 (16.55)
	110 (15.26)
	



	  Never
	60 (0.82)
	42 (0.78)
	8 (0.68)
	10 (1.39)
	



	Frequency of sugary drinks eating
	
	
	
	
	



	  Never
	941 (12.89)
	715 (13.24)
	145 (12.31)
	81 (11.23)
	0.168



	  Less than once a day
	5401 (74.00)
	4001 (74.09)
	871 (73.94)
	529 (73.37)
	



	  Once a day or more
	957 (13.11)
	684 (12.67)
	162 (13.75)
	111 (15.40)
	



	Frequency of fried food eating
	
	
	
	
	



	  Never
	923 (12.65)
	699 (12.94)
	145 (12.31)
	79 (10.96)
	0.318



	  Less than once a day
	5824 (79.79)
	4294 (79.52)
	952 (80.81)
	578 (80.17)
	



	  Once a day or more
	552 (7.56)
	407 (7.54)
	81 (6.88)
	64 (8.88)
	



	Frequency of fresh fruit eating
	
	
	
	
	



	  Never
	231 (3.16)
	166 (3.07)
	36 (3.06)
	29 (4.02)
	0.425



	  Less than once a day
	2192 (30.03)
	1654 (30.63)
	337 (28.61)
	201 (27.88)
	



	  Once a day or more
	3458 (47.38)
	2544 (47.11)
	574 (48.73)
	340 (47.16)
	



	  Two or more times a day
	1418 (19.43)
	1036 (19.19)
	231 (19.61)
	151 (20.94)
	



	Frequency of vegetables eating
	
	
	
	
	



	  Never
	128 (1.75)
	101 (1.87)
	18 (1.53)
	9 (1.25)
	0.377



	  Less than once a day
	761 (10.43)
	584 (10.81)
	114 (9.68)
	63 (8.74)
	



	  Once a day or more
	2688 (36.83)
	1977 (36.61)
	446 (37.86)
	265 (36.75)
	



	  Two or more times a day
	3722 (50.99)
	2738 (50.70)
	600 (50.93)
	384 (53.26)
	



	BMI (kg/m2)
	20.96 ± 3.86
	19.19 ± 2.07
	24.26 ± 1.53
	28.82 ± 3.47
	-







OW, overweight; OB, obesity; BMI, body mass index.
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