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Background: The consumption of sugar-sweetened beverage (SSB) has significantly increased and is regarded as a potential cause of overweight and obesity in children and adolescents. This study explores the association between SSB consumption and overweight/obesity among primary and secondary school students in Beijing in 2024.

Methods: A total of 3,402 participants were included in this cross-sectional study conducted from October to November 2024. Binary logistic regression is used to assess the association between SSB consumption and weight/obesity.

Results: Approximately 38.5% of the study population were overweight/obese. After adjusting for covariates, SSB consumption was associated with overweight /obesity. Participants with” SSB consumption frequency ≥7 times/week” had a higher prevalence of overweight/obesity compared to participants” SSB consumption frequency < once/week” (OR = 1.396, 95%CI = 1.093–1.782). Participants with” SSB consumption quantity ≥500 mL/day” had a higher prevalence of overweight/obesity compared to those with “SSB consumption quantity <150 mL/day” (OR = 1.316, 95%CI = 1.093–1.586). Moreover, when subgroup analyses were conducted, the association between SSB consumption and overweight/obesity was more susceptible among females, younger students, and urban residents.

Conclusion: The consumption rate of sugar-sweetened beverages among school-age children in Beijing is high. Student sugar-sweetened beverage consumption was significantly associated with overweight/obesity. Therefore, targeted actions and plans should be taken to reduce the consumption of SSB and control childhood obesity.
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1 Introduction

In recent decades, the global obesity rate among children and adolescents has shown a rapid increase. Between 1990 and 2021, the combined prevalence of overweight and obesity in children and adolescents doubled, and that of obesity alone tripled. Notably, the most significant increase was observed in southeast Asia, east Asia, and Oceania (e.g., Taiwan [province of China], Maldives, and China) (1). The obesity rate among children aged 2–19 years in the United States increased from 14.7% in 1999–19.2% in 2018 (2). Data from the national school health examination in Korea indicated that the obesity prevalence among children aged 6–18 increased from 8.7 to 15.0% between 2007 and 2017 (3). Although obesity was once common in developed countries and regions, with the development of China’s economy and the change of dietary structure, obesity has become one of the public health challenges in China (4, 5). From 2015 to 2019, the results of chronic disease and nutrition monitoring among Chinese residents showed that the overweight and obesity rate of children and adolescents aged 6–17 reached 19% (6). In a cross-sectional survey that included 201,098 children aged 3–18 years, the highest obesity prevalence was estimated for children aged 8–13 years in northern China (from 18.8 to 23.6%) (7). Overweight and obesity are established risk factors for major non-communicable diseases, including cardiovascular diseases, type 2 diabetes, and cancer, which impose significant costs on health, society, and the economy (8–12).

The diet and nutrition in China have undergone profound changes, gradually shifting from a traditional diet of coarse grains and vegetables to a Western-style diet with increased consumption of high-sugar and high-fat foods (5). Sugar-sweetened beverages (SSBs) is the major source of added sugars in the diet (13). Numerous studies have indicated that the consumption of sugary beverages has become one of the significant risk factors contributing to overweight and obesity (14–16). The growing trend of sugary beverage consumption among children and adolescents has become a significant public health concern. A population-based study showed a 23% increase in sugar-sweetened beverage intake among children and adolescents aged 3–19 years in 185 countries from 1990 to 2018, parallel to the rise in obesity prevalence globally (17). A survey in New Zealand showed that 96% of children aged 8–12 consumed at least one serving of sugary drinks per week, and 62% of the children reported consuming five or more servings (18). Results from the Nutrition and Health Monitoring in China conducted from 2010 to 2013 indicated that the estimated intake of SSBs among children aged 6–17 years is 181.0 grams per day, occurring 2.2 times per week (19). However, data specific to Chinese school-aged children remain limited, especially recent regional studies in northern China.

While many studies have reported that higher SSB intake is associated with greater odds of overweight and obesity, the strength and patterns of this association may vary by demographic and environmental contexts. For instance, gender, age, and urban–rural differences may modify the relationship between SSB consumption and body weight. Understanding these differences is important for designing more targeted interventions.

Therefore, this cross-sectional study aimed to (1) describe SSB consumption patterns among primary and secondary school students in Beijing, (2) examine the association between SSB consumption and overweight/obesity, and (3) explore whether this association differs by gender, grade, and residential area. The findings provide localized evidence for designing tailored interventions to reduce SSB intake and prevent childhood obesity in urban China.



2 Materials and Methods


2.1 Study population

This cross-sectional study was conducted from October to November 2024 by applying a multi stage cluster sampling method to selected 3,402 participants. This investigation was conducted in Beijing, China, selecting three project sites categorized into three areas (central urban areas, outer urban areas, and suburban areas) based on administrative divisions and geographical locations. Two primary schools, two middle schools, and two high schools were chosen from each project site, with participants consisting of third-grade, seventh-grade, and tenth-grade students.

The study was approved by the Ethics Committee of the Beijing Center for Disease Prevention and Control (BJCDC2024031). Written informed consent was obtain from both the student’s caregivers and participating students prior to the study.



2.2 Data collection


2.2.1 Childhood overweight/obesity

Height and weight were measured during the semester’s routine physical examination conducted by trained school health professionals following standardized procedures. The data were provided to the research team by the schools. Body mass index (BMI) was calculated as weight (kg) / height (m2). Overweight and obesity were defined using the Screening for Overweight and Obesity among School-Age Children and Adolescents (WS/T 586–2018) issued by the National Health Commission of China (20). This national reference is the official standard used in China’s child health surveillance and is based on large-scale, population-specific growth data reflecting the physical development characteristics of Chinese children and adolescents.



2.2.2 SSB consumption

SSB consumption was derived from the Student Sugar-Sweetened Beverage Questionnaire, which was developed based on the BEVQ-15. The Cronbach’s α coefficient is 0.817, indicating good internal consistency. Each participant was asked to recall the frequency and quantity of sugary drinks consumed over the past week. Both pre-packaged beverages and freshly prepared beverages are included, with pre-packaged beverages consisting of 100% fruit/vegetable juices, fruit/vegetable beverages, carbonated beverages, tea beverages, milk beverages, plant protein drinks, beverages for special uses, coffee beverages.

To assess the weekly consumption of beverages, the questionnaire sets “Drinking Frequency” and “Average Drinking Per Consumption.” “Drinking frequency” is set to “times/day” (drinking once or more a day is reported here), “times/week” (drinking at least once a week, but not consuming every day is reported here), “never” (not drinking in the past week is reported here). Students were asked to report the frequency and quantity of each drink according to their actual situation, and the quantity of drinking measured in milliliter. Finally, the frequency of each drink is unified as “times/week.” Consuming SSB once or more in the past week is defined as having SSB consumption behaviors. SSB consumption frequency was divided into three categories: “<once/week,” “1 to <7 times/week,” and “≥7 times/week.” SSB consumption quantity was also divided into three categories: “<150 mL/day,” “150 to <500 mL/day,” and “≥500 mL/day.”



2.2.3 Confounding variables

Covariates were selected based on prior literature and the availability of data in this survey. They included demographic variables and health-related behavior factors.

Demographic characteristics included: gender, age, grade, residence, and caregiver education level. The educational stages were divided into primary school (3th), middle school (7th), and high school (10th). Residence was categorized as central urban areas, outer urban areas, and suburban areas. The caregiver education level was classified as below bachelor’s degree, bachelor’s degree and above.

Health-related behaviors included: daily water intake (<1,000 mL/ day, 1,000 to <1,500 mL/ day, and ≥1,500 mL/ day), daily beverage charge (<10 yuan/ day, and ≥10 yuan/ day), and daily outdoor activity time (<60 min/ day and ≥60 min/ day).




2.3 Statistical analyses

All statistical analyses were performed using the statistical software IBM SPSS Statistics version 22.0. Descriptive analysis of demographic information and health-related behaviors on categorical variables was conducted utilizing numbers and proportions, while differences between these characteristic variables and weight status and frequency and quantity of SSB consumption were verified by chi-square test. To assess the independent association of SSB consumption with overweight/obesity, binary logistic regression was performed. Model 1 was adjusted for gender and grade. Model 2 was adjusted for gender, grade, residence and caregiver education level. Model 3 was adjusted for gender, grade, residence, caregiver education level and health-related behaviors. The stratification variable was removed from the model in order to conduct a further analysis of gender, grade and residence subgroup stratification using the same modeling approach as previously mentioned. All statistical significance tests were two-sided, and a level of α < 0.05 was considered statistically significant.




3 Results


3.1 Demographic characteristics

A total of 3,402 children were included in this study, ranging in age range from 7 to 17 years old. The proportions of male and female children were almost equal. The number of students in different grades was balanced. The majority of caregivers (62.8%) had a bachelor’s degree or higher education level. Only a small percentage of students (24.1%) drunk less than 1,000 mL of water per day. Most students (63.8%) spent less than 10 yuan per day on drinks. More than half of the students (52.0%) were able to spend 60 min or more outdoors activity per day.

The overall prevalence of overweight/obesity was 38.5%. Students who were male, in higher grades, residing in suburban areas, whose caregiver had a low level of education, and who consumed an average daily water intake of more than 1,500 mL were at high risk of being overweight and obese (Ρ < 0.05) (Table 1).


TABLE 1 The demographic characteristics of 3,402 students based on body weight status in Beijing.


	Characteristics
	N (%)
	Overweight/obesity, n (%)a



	No
	Yes
	
χ
2

	P-value

 

 	Total 	3,402 (100.0) 	2092 (61.5) 	1,310 (38.5) 	 	


 	Gender 	 	 	 	153.405 	Ρ < 0.001


 	Male 	1712 (50.3) 	877 (51.2) 	835 (48.8) 	 	


 	Female 	1,690 (49.7) 	1,215 (71.9) 	475 (28.1) 	 	


 	Grade 	 	 	 	21.758 	Ρ < 0.001


 	Primary school (3th) 	1,090 (32.0) 	732 (67.2) 	358 (32.8) 	 	


 	Middle school (7th) 	1,164 (34.2) 	687 (59.0) 	477 (41.0) 	 	


 	High school (10th) 	1,148 (33.7) 	673 (58.6) 	475 (41.4) 	 	


 	Residence 	 	 	 	14.892 	Ρ < 0.001


 	Central urban areas 	1,177 (34.6) 	774 (65.8) 	403 (34.2) 	 	


 	Outer urban areas 	1,069 (31.4) 	645 (60.3) 	424 (39.7) 	 	


 	Suburban areas 	1,156 (34.0) 	673 (58.2) 	483 (41.8) 	 	


 	Caregiver education level 	 	 	 	11.384 	Ρ < 0.001


 	Below bachelor’s degree 	1,264 (37.2) 	731 (57.8) 	533 (42.2) 	 	


 	Bachelor’s degree and above 	2,138 (62.8) 	1,361 (63.7) 	777 (36.3) 	 	


 	Daily water intake 	 	 	 	36.681 	Ρ < 0.001


 	<1,000 mL/day 	819 (24.1) 	557 (68.0) 	262 (32.0) 	 	


 	1,000 to <1,500 mL/day 	1,139 (33.5) 	728 (63.9) 	411 (36.1) 	 	


 	≥1,500 mL/day 	1,444 (42.4) 	807 (55.9) 	637 (44.1) 	 	


 	Daily beverage charge 	 	 	 	0.036 	0.849


 	<10 yuan/day 	2,170 (63.8) 	1,337 (61.6) 	833 (38.4) 	 	


 	≥10 yuan/day 	1,232 (36.2) 	755 (61.3) 	477 (38.7) 	 	


 	Daily outdoor activity time 	 	 	 	0.191 	0.662


 	<60 min/day 	1,634 (48.0) 	1,011 (61.9) 	623 (38.1) 	 	


 	≥60 min/day 	1768 (52.0) 	1,081 (61.1) 	687 (38.9) 	 	





aWeighted percentage may not add up to 100% due to rounding.
 



3.2 Frequency of SSB consumption

Table 2 shows the frequency of SSB consumption for all children by gender, grade, residence, caregiver education level, daily water intake, daily beverage charge, and daily outdoor activity time. Overall, the consumption rate of SSB among school-age children in Beijing was 88.4%. About 11.6% of children consumed SSB < once/week, and 57.1% of children consumed SSB ≥ 7 times/week.


TABLE 2 The frequency of SSB consumption among participants in different groups in Beijing.


	Characteristics
	Frequency of SSB consumption, n (%)a
	
χ
2

	P-value



	<once/week
	1 to <7 times/week
	≥7 times/week

 

 	Total 	394 (11.6) 	1,067 (31.4) 	1941 (57.1) 	 	


 	Gender 	 	 	 	0.077 	0.962


 	Male 	196 (11.4) 	536 (31.3) 	980 (57.2) 	 	


 	Female 	198 (11.7) 	531 (31.4) 	961 (56.9) 	 	


 	Grade 	 	 	 	151.736 	Ρ < 0.001


 	Primary school (3th) 	198 (18.2) 	424 (38.9) 	468 (42.9) 	 	


 	Middle school (7th) 	108 (9.3) 	345 (29.6) 	711 (61.1) 	 	


 	High school (10th) 	88 (7.7) 	298 (26.0) 	762 (66.4) 	 	


 	Residence 	 	 	 	27.119 	Ρ < 0.001


 	Central urban areas 	145 (12.3) 	415 (35.3) 	617 (52.4) 	 	


 	Outer urban areas 	116 (10.9) 	349 (32.6) 	604 (56.5) 	 	


 	Suburban areas 	133 (11.5) 	303 (26.2) 	720 (62.3) 	 	


 	Caregiver education level 	 	 	 	15.760 	Ρ < 0.001


 	Below bachelor’s degree 	127 (10.0) 	361 (28.6) 	776 (61.4) 	 	


 	Bachelor’s degree and above 	267 (12.5) 	706 (33.0) 	1,165 (54.5) 	 	


 	Daily water intake 	 	 	 	27.003 	Ρ < 0.001


 	<1,000 mL/day 	113 (13.8) 	291 (35.5) 	415 (50.7) 	 	


 	1,000 to <1,500 mL/day 	135 (11.9) 	368 (32.3) 	636 (55.8) 	 	


 	≥1,500 mL/ day 	146 (10.1) 	408 (28.3) 	890 (61.6) 	 	


 	Daily beverage charge 	 	 	 	226.254 	Ρ < 0.001


 	<10 yuan/ day 	317 (14.6) 	823 (37.9) 	1,030 (47.5) 	 	


 	≥10 yuan/ day 	77 (6.3) 	244 (19.8) 	911 (73.9) 	 	


 	Daily outdoor activity time 	 	 	 	0.114 	0.944


 	<60 min/day 	188 (11.5) 	517 (31.6) 	929 (56.9) 	 	


 	≥60 min/day 	206 (11.7) 	550 (31.1) 	1,012 (57.2) 	 	





aWeighted percentage may not add up to 100% due to rounding.
 

The proportion of students in higher grades, residing in suburban areas, with low caregiver education levels, whose daily water intake ≥1,500 mL/ day, and daily beverage charge ≥10 yuan/day, was significantly higher for those consuming sugary drinks ≥7 times/week (Ρ < 0.05).



3.3 Quantity of SSB consumption

Table 3 shows the frequency of SSB consumption for all children by gender, grade, residence, caregiver education level, daily water intake, daily beverage charge, and daily outdoor activity time. The proportion of students who were males, senior students, living in the suburbs, with low caregiver education levels, whose daily water intake ≥1,500 mL/day, and daily beverage ≥10 yuan/day had a higher proportion of SSB consumption quantity ≥500 mL/day (Ρ < 0.05).


TABLE 3 The quantity of SSB consumption among participants in different groups in Beijing.


	Characteristics
	Quantity of SSB consumption, n (%)a
	
χ
2

	P-value



	<150 mL/day
	150 to <500 mL/day
	≥500 mL/day

 

 	Total 	1,096(32.2) 	1,019 (30.0) 	1,287 (37.8) 	 	


 	Gender 	 	 	 	11.324 	0.003


 	Male 	531 (31.0) 	486 (28.4) 	695 (40.6) 	 	


 	Female 	565 (33.4) 	533 (31.5) 	592 (35.0) 	 	


 	Grade 	 	 	 	292.205 	Ρ < 0.001


 	Primary school (3th) 	557 (51.1) 	283 (26.0) 	250 (22.9) 	 	


 	Middle school (7th) 	309 (26.5) 	363 (31.2) 	492 (42.3) 	 	


 	High school (10th) 	230 (20.0) 	373 (32.5) 	545 (47.5) 	 	


 	Residence 	 	 	 	30.077 	Ρ < 0.001


 	Central urban areas 	417 (35.4) 	375 (31.9) 	385 (32.7) 	 	


 	Outer urban areas 	356 (33.3) 	311 (29.1) 	402 (37.6) 	 	


 	Suburban areas 	323 (27.9) 	333 (28.8) 	500 (43.3) 	 	


 	Caregiver education level 	 	 	 	21.019 	Ρ < 0.001


 	Below bachelor’s degree 	350 (27.7) 	387 (30.6) 	527 (41.7) 	 	


 	Bachelor’s degree and above 	746 (34.9) 	632 (29.6) 	760 (35.5) 	 	


 	Daily water intake 	 	 	 	31.301 	Ρ < 0.001


 	<1,000 mL/day 	316 (38.6) 	239 (29.2) 	264 (32.2) 	 	


 	1,000 to <1,500 mL/day 	378 (33.2) 	334 (29.3) 	427 (37.5) 	 	


 	≥1,500 mL/ day 	402 (27.8) 	446 (30.9) 	596 (41.3) 	 	


 	Daily beverage charge 	 	 	 	262.271 	Ρ < 0.001


 	<10 yuan/day 	880 (40.6) 	667 (30.7) 	623 (28.7) 	 	


 	≥10 yuan/day 	216 (17.5) 	352 (28.6) 	664 (53.9) 	 	


 	Daily outdoor activity time 	 	 	 	0.277 	0.871


 	<60 min/day 	533 (32.6) 	489 (29.9) 	612 (37.5) 	 	


 	≥60 min/day 	563 (31.8) 	530 (30.0) 	675 (38.2) 	 	





aWeighted percentage may not add up to 100% due to rounding.
 



3.4 SSB consumption and overweight/obesity

As shown in Table 4, participants who reported consuming SSB ≥ 7 times/week showed a higher prevalence of overweight/obese compared to participants who consumed SSB < once/week (Model 1: OR = 1.400,95%CI = 1.102–1.779; Model 2: OR = 1.380, 95%CI = 1.086–1.755; Model 3: OR = 1.396, 95%CI = 1.093–1.782). Participants who reported consuming SSB ≥ 500 mL/day showed a higher prevalence of overweight/obese compared to those consuming SSB < 150 mL/day (Model 1: OR = 1.334,95%CI = 1.116–1.595; Model 2: OR = 1.295, 95%CI = 1.082–1.549; Model 3: OR = 1.316, 95%CI = 1.093–1.586).


TABLE 4 Association of SSB consumption with overweight/obesity in the total study population.


	SSB consumption
	Model 1a
	Model 2b
	Model 3c



	OR (95%CI)
	P-value
	OR (95%CI)
	P-value
	OR (95%CI)
	P-value

 

 	Frequency


 	<Once/week 	Ref. 	 	Ref. 	 	Ref. 	


 	1 to <7 times/week 	1.140(0.886 ~ 1.467) 	0.310 	1.154(0.896 ~ 1.488) 	0.267 	1.163(0.901 ~ 1.500) 	0.247


 	≥7 times/week 	1.400(1.102 ~ 1.779) 	0.006** 	1.380(1.086 ~ 1.755) 	0.008** 	1.396(1.093 ~ 1.782) 	0.008**


 	Quantity


 	<150 mL/day 	Ref. 	 	Ref. 	 	Ref. 	


 	150 to <500 mL/day 	1.133(0.940 ~ 1.364) 	0.190 	1.127(0.935 ~ 1.358) 	0.210 	1.132(0.937 ~ 1.367) 	0.198


 	≥500 mL/day 	1.334(1.116 ~ 1.595) 	0.002** 	1.295(1.082 ~ 1.549) 	0.005** 	1.316(1.093 ~ 1.586) 	0.004**





aGender variable and grade variable were controlled for in Model 1. bBased on Model 1, Model 2 also controlled for residence, and caregiver education level. cBased on Model 2, Model 3 also controlled for health-related behaviors. Ref. indicates reference category. OR, odds ratio; CI, confidence interval. **Ρ < 0.001.
 



3.5 Subgroup analysis of gender, grade, and residence stratification

In the gender subgroup analysis, three models showed that the statistically significant associations of SSB consumption frequency-overweight/obesity were observed only in females, in which a similar result was found for SSB consumption quantity-overweight/obesity. In contrast to SSB consumption frequency <once/week, SSB consumption frequency ≥7 times/week was associated with higher odds of overweight or obese among females (Model 1: OR = 1.525, 95% CI = 1.055–2.204; Model 2: OR = 1,491, 95% CI = 1.031–2.158; Model 3: OR = 1.509, 95% CI = 1.035–2.201). As opposed to females who had SSB consumption quantity <150 mL/day, those who had SSB consumption quantity 150 to <500 mL/day (Model 1 of Table 5: OR = 1.336, 95% CI = 1.016–1.758; Model 3 of Table 5: OR = 1.324, 95% CI = 1.003–1.748) and SSB consumption quantity ≥500 mL/day (Model 1 of Table 5: OR = 1.423, 95% CI = 1.087–1.863; Model 2 of Table 5: OR = 1.368, 95% CI = 1.043–1.794; Model 3 of Table 5: OR = 1.416, 95% CI = 1.067–1.880) were associated with higher odds of overweight or obese (Table 5).


TABLE 5 Association of SSBs consumption with overweight/obesity by gender subgroups.


	SSBs consumption
	By gender group



	Male OR (95%CI)
	Female OR (95%CI)

 

 	Frequency (reference group is “<once/week”)


 	Model 1a 	1 to <7 times/week 	1.040 (0.745 ~ 1.452) 	1.276 (0.864 ~ 1.885)


 	≥7 times/week 	1.300 (0.946 ~ 1.787) 	1.525 (1.055 ~ 2.204) *


 	Model 2b 	1 to <7 times/week 	1.045 (0.746 ~ 1.463) 	1.291 (0.873 ~ 1.910)


 	≥7 times/week 	1.280 (0.930 ~ 1.762) 	1.491 (1.031 ~ 2.158) *


 	Model 3c 	1 to <7 times/week 	1.075 (0.766 ~ 1.509) 	1.288 (0.870 ~ 1.906)


 	≥7 times/week 	1.320 (0.952 ~ 1.828) 	1.509 (1.035 ~ 2.201) *


 	Quantity (reference group is “<150 mL/day”)


 	Model 1a 	150 to <500 mL/day 	0.981 (0.760 ~ 1.264) 	1.336 (1.016 ~ 1.758) *


 	≥500 mL/day 	1.250 (0.983 ~ 1.589) 	1.423 (1.087 ~ 1.863) *


 	Model 2b 	150 to <500 mL/day 	0.984 (0.762 ~ 1.270) 	1.311 (0.995 ~ 1.727)


 	≥500 mL/day 	1.218 (0.956 ~ 1.551) 	1.368 (1.043 ~ 1.794) *


 	Model 3c 	150 to <500 mL/day 	0.987 (0.762 ~ 1.279) 	1.324 (1.003 ~ 1.748) *


 	≥500 mL/day 	1.237 (0.963 ~ 1.590) 	1.416 (1.067 ~ 1.880) *





aGender variable and grade variable were controlled for in Model 1. bBased on Model 1, Model 2 also controlled for residence, and caregiver education level. cBased on Model 2, Model 3 also controlled for health-related behaviors. Ref. indicates reference category. OR, odds ratio; CI, confidence interval. *Ρ < 0.05.
 

In the grade subgroup analysis, model 1 showed that the statistically significant association of SSB consumption frequency-overweight/obesity was observed only in primary school (3th), in which a similar result was found for SSB consumption quantity-overweight/obesity. Primary school students with SSB consumption frequency ≥7 times/week were associated with higher odds of overweight or obese than those who consumed SSB < once/week (Model 1: OR = 1.564, 95%CI = 1.080–2.264). Primary school students who consumed 150 to <500 mL/day and ≥500 mL/day were associated with higher odds of overweight or obese than SSB consumption < 150 mL/day (Model 1: OR = 1.368, 95%CI = 1.005–1.861; OR = 1.520, 95%CI = 1.106–2.090) (Table 6).


TABLE 6 Association of SSBs consumption with overweight/obesity by grade subgroups.


	SSBs consumption
	By grade group



	Primary school (3th)
 OR (95%CI)
	Middle school (7th)
 OR (95%CI)
	High school (10th)
 OR (95%CI)

 

 	Frequency (reference group is “<once/week”)


 	Model 1a 	1 to <7 times/week 	1.268 (0.869 ~ 1.851) 	0.992 (0.627 ~ 1.570) 	1.080 (0.649 ~ 1.798)


 	≥7 times/week 	1.564 (1.080 ~ 2.264) * 	1.204 (0.784 ~ 1.848) 	1.347 (0.839 ~ 2.162)


 	Model 2b 	1 to <7 times/week 	1.262 (0.863 ~ 1.844) 	1.022 (0.644 ~ 1.623) 	1.149 (0.687 ~ 1.922)


 	≥7 times/week 	1.449 (0.992 ~ 2.118) 	1.253 (0.813 ~ 1.931) 	1.399 (0.869 ~ 2.252)


 	Model 3c 	1 to <7 times/week 	1.256 (0.859 ~ 1.838) 	1.051 (0.659 ~ 1.676) 	1.165 (0.694 ~ 1.953)


 	≥7 times/week 	1.469 (0.997 ~ 2.165) 	1.273 (0.817 ~ 1.983) 	1.430 (0.882 ~ 2.316)


 	Quantity (reference group is “<150 mL/day”)


 	Model 1a 	150 to <500 mL/day 	1.368 (1.005 ~ 1.861) * 	0.788 (0.570 ~ 1.089) 	1.299 (0.917 ~ 1.839)


 	≥500 mL/day 	1.520 (1.106 ~ 2.090) * 	1.194 (0.886 ~ 1.609) 	1.263 (0.911 ~ 1.750)


 	Model 2b 	150 to <500 mL/day 	1.336 (0.978 ~ 1.825) 	0.810 (0.585 ~ 1.122) 	1.324 (0.933 ~ 1.879)


 	≥500 mL/day 	1.386(0.986 ~ 1.948) 	1.206 (0.892 ~ 1.630) 	1.274 (0.917 ~ 1.768)


 	Model 3c 	150 to <500 mL/day 	1.367 (0.997 ~ 1.875) 	0.819 (0.589 ~ 1.138) 	1.323 (0.930 ~ 1.881)


 	≥500 mL/day 	1.428 (1.000 ~ 2.040) 	1.203 (0.879 ~ 1.647) 	1.300 (0.929 ~ 1.820)





aGender variable and grade variable were controlled for in Model 1. bBased on Model 1, Model 2 also controlled for residence, and caregiver education level. cBased on Model 2, Model 3 also controlled for health-related behaviors. Ref. indicates reference category. OR, odds ratio; CI, confidence interval. *Ρ < 0.05.
 

In the residence subgroup analysis, three models showed that the statistically significant associations of SSB consumption quantity-overweight/obesity were observed only in central urban areas. Participants in central urban areas who reported consuming SSB ≥ 500 mL/day were associated with higher odds of overweight or obese compared to those consuming SSB < 150 mL/day (Model 1: OR = 1.129, 95% CI = 1.021–2.001; Model 2: OR = 1.428, 95% CI = 1.020–1.998 and Model 3: OR = 1.419, 95% CI = 1.005–2.004) (Table 7).


TABLE 7 Association of SSBs consumption with overweight/obesity by residence subgroups.


	SSBs consumption
	By residence group



	Central urban areas OR (95%CI)
	Outer urban areas OR (95%CI)
	Suburban areas OR (95%CI)

 

 	Frequency (reference group is “<once/week”)


 	Model 1a 	1 to <7 times/week 	0.909 (0.593 ~ 1.395) 	1.404 (0.881 ~ 2.236) 	1.255 (0.815 ~ 1.933)


 	≥7 times/week 	1.264 (0.830 ~ 1.925) 	1.496 (0.954 ~ 2.346) 	1.438 (0.970 ~ 2.132)


 	Model 2b 	1 to <7 times/week 	0.909 (0.593 ~ 1.395) 	1.401 (0.879 ~ 2.232) 	1.255 (0.814 ~ 1.934)


 	≥7 times/week 	1.263 (0.830 ~ 1.924) 	1.486 (0.947 ~ 2.331) 	1.441 (0.972 ~ 2.138)


 	Model 3c 	1 to <7 times/week 	0.901(0.587 ~ 1.384) 	1.385 (0.868 ~ 2.209) 	1.298 (0.837 ~ 2.014)


 	≥7 times/week 	1.247 (0.814 ~ 1.912) 	1.555 (0.984 ~ 2.457) 	1.444 (0.963 ~ 2.165)


 	Quantity (reference group is “<150 mL/day”)


 	Model 1a 	150 to <500 mL/day 	1.279 (0.929 ~ 1.763) 	1.034 (0.739 ~ 1.445) 	1.076 (0.779 ~ 1.486)


 	≥500 mL/day 	1.129 (1.021 ~ 2.001) * 	1.142 (0.827 ~ 1.579) 	1.331 (0.992 ~ 1.785)


 	Model 2b 	150 to <500 mL/day 	1.278 (0.928 ~ 1.761) 	1.028 (0.735 ~ 1.437) 	1.081 (0.782 ~ 1.494)


 	≥500 mL/day 	1.428 (1.020 ~ 1.998) * 	1.138 (0.823 ~ 1.573) 	1.332 (0.992 ~ 1.788)


 	Model 3c 	150 to <500 mL/day 	1.257 (0.908 ~ 1.740) 	1.061 (0.756 ~ 1.490) 	1.085 (0.781 ~ 1.507)


 	≥500 mL/day 	1.419 (1.005 ~ 2.004) * 	1.225 (0.875 ~ 1.715) 	1.316 (0.969 ~ 1.788)





aGender variable and grade variable were controlled for in Model 1. bBased on Model 1, Model 2 also controlled for residence, and caregiver education level. cBased on Model 2, Model 3 also controlled for health-related behaviors. Ref. indicates reference category. OR, odds ratio; CI, confidence interval. *Ρ < 0.05.
 




4 Discussion

This study investigated the consumption of sugar-sweetened beverages among primary and secondary school students in Beijing and its association with overweight and obesity. The results indicated that 88.5% of school-age children had consumed SSBs, which is higher than the consumption rate among young children in China in 2016 (21). This is similar to the rate of consumption of sugar-sweetened beverages among children in the cohort study of the 2004–2011 China Health and Nutrition Survey (87.6%), and lower than that of children aged 8–12 years in New Zealand (96.0%) (18).

Our study showed that 57.1% of students consume sugary beverages ≥7 times a week, with an average daily consumption of ≥500 mL accounting for 37.8%. Male students, those in higher grades, are more likely to consume sugary beverages, which is consistent with previous research findings (19). Unlike previous studies (19, 22), this research indicates that children in suburban areas have a higher consumption rate of sugary beverages compared to those in urban areas, which may be related to the lower socio-economic status or higher density of construction in the region (23). In addition, low education levels of caregivers, excessive daily water intake, and high expenditure on beverages are all associated with high consumption of sugary drinks. The increase in sugary drink consumption among children is related to multiple factors, primarily including demographic characteristics, family factors, socioeconomic status, and so on (24–27). In order to curb the growing trend of sugary beverage consumption, many countries and regions have implemented sugar reduction measures (28, 29), among which sugar taxation serves as a significant policy intervention aimed at improving nutrition and public health (30).

The overweight and obesity rate among children and adolescents in Beijing is 38.5%, which is consistent with the overweight and obesity rate of 38.2% reported in a survey conducted in Jiangsu Province, China, involving 119,467 students aged 8–17 years (31). Our research found that children who consume SSBs at higher frequencies and quantities are more likely to be overweight and obese. After adjusting for demographic and health-related behavioral confounders, children who consumed SSBs ≥7 times/week” were more likely to be overweight/obese compared to who consumed SSBs <once/week (OR = 1.396, 95%CI = 1.093–1.782). children who consumed SSBs ≥500 mL/day” had a higher risk of being overweight/obese than children who consumed SSBs <150 mL/day.” (OR = 1.316, 95%CI = 1.093–1.586). From a biological perspective, several mechanisms may explain these associations. Liquid calories from SSBs are less satiating than solid foods, leading to incomplete energy compensation at subsequent meals. Frequent SSB consumption induces sharp fluctuations in blood glucose and insulin levels, promoting fat deposition and insulin resistance. Fructose, in particular, enhances hepatic de novo lipogenesis and reduces leptin signaling, resulting in increased appetite and energy storage. These physiological mechanisms support the consistent finding that frequent SSB consumption contributes to energy imbalance and adiposity accumulation in children.

Previous studies have reported similar associations in other regions. Research by Marshall et al. indicated that each additional 8 oz. SSB consumed/day throughout childhood and adolescence increased the BMI z score an average 0.050 units (95%CI = 0.022–0.079; Ρ = 0.001) (15). The nationwide cross-sectional analysis of Chinese children and adolescents aged 6 to 17 in 2014 showed that participants who were high consumers of SSB had a higher odds ratio (OR = 1.133, 95%CI = 1.054–1.217) for having abdominal obesity compared to non-consumers (32). Research findings from South China showed that, in contrast to non-consumers, the adjusted odds ratio of consuming SSBs more than 120 mL/day is 2.08 (95%CI = 1.21–3.54) for obesity and 1.83 (95%CI = 1.25–2.69) for abdominal obesity among consumers (33). The Singapore GUSTO mother-offspring cohort indicated that SSB intake in young childhood is associated with higher risks of adiposity and overweight/obesity (34). However, our research findings differ from those of Zhang Ting et al. The data from the ‘Children of 1997’ birth cohort revealed that neither the frequency of SSB consumption at ages 11 nor 13 was associated with subsequent BMI z-scores or overweight/obesity up to age 18 (35). The Korean Child-Adolescent Cohort Study showed that there were no significant associations between total sugar intake and adiposity and continuous metabolic syndrome scores (36). These inconsistencies may be attributed to factors such as heterogeneity across different regions and ethnicities, as well as variations in the sample size of the studies.

In addition, this paper evaluated the association of gender, grade and residence with SSB and overweight or obesity. It has been observed that the higher the frequency and quantity of SSB consumption among female students, the more likely it is to be overweight/obese. Similarly, SSB high consumption was found to be associated with higher body fat percentage (BF%) in females in New Zealand school-age children (18). A potential explanation being that female students seemed to be more prone to SSB consumption alone or in combination with inadequate moderate-to-vigorous physical activity than their counterparts (31), which may be an important reason for the gender differences in the association of SSB with obesity. Socio-behavioral mechanisms may further explain subgroup differences. The stronger association between SSB intake and obesity among female students may relate to gendered patterns of beverage preference and emotional eating. Girls are often more sensitive to body image pressures and may alternate between dietary restraint and stress-related consumption of high-sugar drinks. In contrast, male students’ higher baseline SSB intake may reflect greater energy requirements or peer-influenced behaviors. For urban–rural differences, students in central urban areas showed a more pronounced link between SSB intake and obesity, possibly due to greater access to commercial beverages, targeted marketing in cities, and reduced outdoor physical activity opportunities. Data from Indonesia showed similar urban trends, where that daily consumption of caffeinated soft drinks and energy drinks was positively associated with overweight and obesity in urban areas (OR = 1.12, 95%CI = 1.01–1.23) (37). These observations underscore the role of environmental exposure and socioeconomic context in shaping dietary behaviors, aligning with the social–ecological model of health behavior. Age-related variations may reflect developmental and psychosocial differences. Younger students are more influenced by parental purchasing and home availability, while older adolescents have greater autonomy and exposure to peer norms and media marketing.

Although the associations identified in this study were statistically significant, the effect sizes were relatively modest (ORs ≈ 1.3–1.4). These findings are consistent with other population-based studies, such as the 2014 national survey in China (OR = 1.13 for abdominal obesity) (32). The relatively modest magnitude observed in our study may be attributed to several factors, including regional dietary differences, limited variation in SSB intake among Beijing students, and the potential influence of unmeasured confounders such as total energy intake, overall dietary pattern, and parental BMI. Inconsistencies with prior studies reporting stronger associations (e.g., ORs ≈ 1.8–2.1 in South China) (33) may reflect heterogeneity in cultural, environmental, and socioeconomic contexts. Southern regions of China typically experience higher temperatures and greater availability of sweetened beverages, while children there may also have higher outdoor activity levels and fluid replacement needs, influencing consumption patterns. Moreover, studies using different definitions of SSBs or obesity criteria (e.g., WHO vs. Chinese national standards) may yield varying prevalence and effect estimates. Despite the modest ORs, these associations have substantial public health implications. Given the high prevalence of SSB consumption, even small individual effects can translate into a large population-level burden of overweight and obesity. Therefore, the findings emphasize the importance of population-based interventions to reduce SSB intake as part of comprehensive childhood obesity prevention strategies.

Frequent excessive consumption of sugary beverages not only triggers obesity but also serves as a risk factor for various diseases such as type 2 diabetes, cardiovascular diseases, and dental caries (38, 39). Therefore, the World Health Organization recommends the implementation of detailed measures to reduce the excessive intake of sugary beverages among children and adolescents. Currently, more than 45 countries and regions have implemented sugar tax policies (40). Various interventions such as nutrition labeling (41, 42), advertising regulation (43, 44), economic tools (45), and interventions in families and schools have been put into practice (46, 47), which have been proven effective in reducing the consumption of sugar-sweetened beverages. Beyond taxation, community-based and school-level health education should also emphasize emotional regulation, body image awareness, and media literacy, given the sociopsychological factors influencing beverage choices among youth.

This study has some strengths and limitations. It provides recent, population-based evidence on SSB consumption and obesity among Beijing students and explores subgroup differences by gender, grade, and residence, which are valuable for targeted intervention design. Nevertheless, the cross-sectional design precludes causal inference. Self-reported SSB intake may involve recall and social desirability bias. Second, the SSB consumption data is self-reported and may be subject to recall bias. In addition, this study describes the relationship between SSB consumption behavior and obesity among children in Beijing, and the results cannot be generalized to the whole population. The present study used the Chinese national BMI reference (WS/T 586–2018) to define overweight and obesity, which is most appropriate for local growth monitoring. However, the prevalence estimates might differ slightly if the WHO BMI-for-age reference were applied, and direct international comparison should therefore be made with caution. The factors that cause obesity are complex, and this paper focuses on the consumption behavior of sugary drinks, and other confounding factors such as socioeconomic level, dietary structure, parental weight, etc. can be further discussed in future studies. Future longitudinal studies combining dietary records, biomarkers, and family-level factors are needed to clarify causal pathways and identify modifiable targets for intervention.



5 Conclusion

In conclusion, this study showed that SSB were commonly consumed among school-age children in Beijing. Children who were male, in higher grades, from suburban areas, and with a low level of caregiver education tended to consume SSB more frequently. Children with higher frequency and greater quantity of SSB consumption were significantly associated with overweight or obesity. This association appeared stronger among females, younger students, and children living in central urban areas. Given the growing burden of childhood overweight and obesity, comprehensive interventions are urgently needed to reduce SSB intake among children and adolescents. Such strategies should involve schools, families, and communities, focusing on nutrition education, restriction of sugary drink marketing, and promotion of healthy beverage choices. Future longitudinal and cohort studies are warranted to clarify causal pathways and identify modifiable factors contributing to SSB-related obesity, thereby providing stronger evidence to inform public health policies and prevention programs in China and beyond.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving humans were approved by the Ethics Committee of the Beijing Center for Disease Prevention and Control. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

YL: Data curation, Formal analysis, Investigation, Methodology, Writing – original draft. LM: Data curation, Formal analysis, Methodology, Writing – original draft. YZ: Resources, Supervision, Writing – review & editing. WL: Investigation, Writing – original draft. SL: Investigation, Writing – original draft. JZ: Investigation, Writing – original draft. JL: Resources, Supervision, Writing – review & editing. RC: Resources, Supervision, Writing – review & editing. JD: Conceptualization, Resources, Writing – review & editing. LH: Conceptualization, Funding acquisition, Project administration, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was funded by Capital’s Funds for Health Improvement and Research (grant no. 2024-2G-3019).



Acknowledgments

We gratefully thank all participants.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. BD 2021 Adolescent BMI Collaborators. Global, regional, and national prevalence of child and adolescent overweight and obesity, 1990-2021, with forecasts to 2050: a forecasting study for the global burden of disease study 2021. Lancet. (2025) 405:785–812. doi: 10.1016/s0140-6736(25)00397-6
	 2. Tsoi,MF, Li,HL, Feng,Q, Cheung,CL, Cheung,TT, and Cheung,BMY. Prevalence of childhood obesity in the United States in 1999-2018: a 20-year analysis. Obes Facts. (2022) 15:560–9. doi: 10.1159/000524261 
	 3. Kim,JH, and Moon,JS. Secular trends in pediatric overweight and obesity in Korea. J Obes Metab Syndr. (2020) 29:12–7. doi: 10.7570/jomes20002 
	 4. Gong,P, Liang,S, Carlton,EJ, Jiang,Q, Wu,J, Wang,L , et al. Urbanisation and health in China. Lancet. (2012) 379:843–52. doi: 10.1016/s0140-6736(11)61878-3 
	 5. Popkin,BM. Synthesis and implications: China's nutrition transition in the context of changes across other low- and middle-income countries. Obes Rev. (2014) 15:60–7. doi: 10.1111/obr.12120 
	 6. The State Council Information Office Press Conference on 23 December 2020: Avalilable online at: https://www.gov.cn/xinwen/2020-12/24/content_5572983.htm (Accessed June 17, 2025).
	 7. Zhang,L, Chen,J, Zhang,J, Wu,W, Huang,K, Chen,R , et al. Regional disparities in obesity among a heterogeneous population of Chinese children and adolescents. JAMA Netw Open. (2021) 4:e2131040. doi: 10.1001/jamanetworkopen.2021.31040 
	 8. Afshin,A, Forouzanfar,MH, Reitsma,MB, Sur,P, Estep,K, Lee,A , et al. Health effects of overweight and obesity in 195 countries over 25 years. N Engl J Med. (2017) 377:13–27. doi: 10.1056/NEJMoa1614362 
	 9. Kivimäki,M, Kuosma,E, Ferrie,JE, Luukkonen,R, Nyberg,ST, Alfredsson,L , et al. Overweight, obesity, and risk of Cardiometabolic multimorbidity: pooled analysis of individual-level data for 120 813 adults from 16 cohort studies from the USA and Europe. Lancet Public Health. (2017) 2:e277–85. doi: 10.1016/s2468-2667(17)30074-9 
	 10. Kivimäki,M, Strandberg,T, Pentti,J, Nyberg,ST, Frank,P, Jokela,M , et al. Body-mass index and risk of obesity-related complex multimorbidity: an observational multicohort study. Lancet Diabetes Endocrinol. (2022) 10:253–63. doi: 10.1016/s2213-8587(22)00033-x 
	 11. Pulgaron,ER, and Delamater,AM. Obesity and type 2 diabetes in children: epidemiology and treatment. Curr Diab Rep. (2014) 14:508. doi: 10.1007/s11892-014-0508-y 
	 12. Avgerinos,KI, Spyrou,N, Mantzoros,CS, and Dalamaga,M. Obesity and cancer risk: emerging biological mechanisms and perspectives. Metabolism. (2019) 92:121–35. doi: 10.1016/j.metabol.2018.11.001 
	 13. Malik,VS, and Hu,FB. The role of sugar-sweetened beverages in the global epidemics of obesity and chronic diseases. Nat Rev Endocrinol. (2022) 18:205–18. doi: 10.1038/s41574-021-00627-6 
	 14. Calcaterra,V, Cena,H, Magenes,VC, Vincenti,A, Comola,G, Beretta,A , et al. Sugar-sweetened beverages and metabolic risk in children and adolescents with obesity: a narrative review. Nutrients. (2023) 15:702. doi: 10.3390/nu15030702 
	 15. Marshall,TA, Curtis,AM, Cavanaugh,JE, Warren,JJ, and Levy,SM. Child and adolescent sugar-sweetened beverage intakes are longitudinally associated with higher body mass index Z scores in a birth cohort followed 17 years. J Acad Nutr Diet. (2019) 119:425–34. doi: 10.1016/j.jand.2018.11.003 
	 16. Harrington,JM, Perry,C, Keane,E, and Perry,IJ. Sugar-sweetened beverage consumption and association with weight status in Irish children: a cross-sectional study prior to the introduction of a government tax on sugar-sweetened beverages. Public Health Nutr. (2020) 23:2234–44. doi: 10.1017/s1368980020000014 
	 17. Lara-Castor,L, Micha,R, Cudhea,F, Miller,V, Shi,P, Zhang,J , et al. Intake of sugar sweetened beverages among children and adolescents in 185 countries between 1990 and 2018: population based study. BMJ. (2024) 386:e079234. doi: 10.1136/bmj-2024-079234 
	 18. Smirk,E, Mazahery,H, Conlon,CA, Beck,KL, Gammon,C, Mugridge,O , et al. Sugar-sweetened beverages consumption among New Zealand children aged 8-12 years: a cross sectional study of sources and associates/correlates of consumption. BMC Public Health. (2021) 21:2277. doi: 10.1186/s12889-021-12345-9 
	 19. Gan,Q, Xu,P, Yang,T, Cao,W, Xu,J, Li,L , et al. Sugar-sweetened beverage consumption status and its association with childhood obesity among Chinese children aged 6-17 years. Nutrients. (2021) 13:2211. doi: 10.3390/nu13072211 
	 20. Screening for overweight and obesity among school-age children and adolescents. Available online at: https://www.nhc.gov.cn/wjw/pqt/201803/a7962d1ac01647b9837110bfd2d69b26/files/1739781209962_63132.pdf (Accessed June 18, 2025).
	 21. Yu,P, Chen,Y, Zhao,A, Bai,Y, Zheng,Y, Zhao,W , et al. Consumption of sugar-sweetened beverages and its association with overweight among young children from China. Public Health Nutr. (2016) 19:2336–46. doi: 10.1017/s1368980016001373 
	 22. Guo,H, Phung,D, and Chu,C. Sociodemographic, lifestyle, behavioral, and parental factors associated with sugar-sweetened beverage consumption in children in China. PLoS One. (2021) 16:e0261199. doi: 10.1371/journal.pone.0261199 
	 23. van de Gaar,VM, van Grieken,A, Jansen,W, and Raat,H. Children's sugar-sweetened beverages consumption: associations with family and home-related factors, differences within ethnic groups explored. BMC Public Health. (2017) 17:195. doi: 10.1186/s12889-017-4095-0 
	 24. Mazarello Paes,V, Hesketh,K, O'Malley,C, Moore,H, Summerbell,C, Griffin,S , et al. Determinants of sugar-sweetened beverage consumption in young children: a systematic review. Obes Rev. (2015) 16:903–13. doi: 10.1111/obr.12310 
	 25. Eicher-Miller,HA, Graves,L, McGowan,B, Mayfield,BJ, Connolly,BA, Stevens,W , et al. A scoping review of household factors contributing to dietary quality and food security in low-income households with school-age children in the United States. Adv Nutr. (2023) 14:914–45. doi: 10.1016/j.advnut.2023.05.006 
	 26. Tasevska,N, DeLia,D, Lorts,C, Yedidia,M, and Ohri-Vachaspati,P. Determinants of sugar-sweetened beverage consumption among low-income children: are there differences by race/ethnicity, age, and sex? J Acad Nutr Diet. (2017) 117:1900–20. doi: 10.1016/j.jand.2017.03.013 
	 27. Bolt-Evensen,K, Vik,FN, Stea,TH, Klepp,KI, and Bere,E. Consumption of sugar-sweetened beverages and artificially sweetened beverages from childhood to adulthood in relation to socioeconomic status - 15 years follow-up in Norway. Int J Behav Nutr Phys Act. (2018) 15:8. doi: 10.1186/s12966-018-0646-8 
	 28. Krieger,J, Bleich,SN, Scarmo,S, and Ng,SW. Sugar-sweetened beverage reduction policies: Progress and promise. Annu Rev Public Health. (2021) 42:439–61. doi: 10.1146/annurev-publhealth-090419-103005 
	 29. Al-Jawaldeh,A, Taktouk,M, Naalbandian,S, Aguenaou,H, Al Hamad,N, Almamary,S , et al. Sugar reduction initiatives in the eastern Mediterranean region: a systematic review. Nutrients. (2022) 15:55. doi: 10.3390/nu15010055 
	 30. Teng,AM, Jones,AC, Mizdrak,A, Signal,L, Genç,M, and Wilson,N. Impact of sugar-sweetened beverage taxes on purchases and dietary intake: systematic review and Meta-analysis. Obes Rev. (2019) 20:1187–204. doi: 10.1111/obr.12868 
	 31. Yu,J, Huang,F, Zhang,X, Xue,H, Ni,X, Yang,J , et al. Association of Sugar-Sweetened Beverage Consumption and Moderate-to-Vigorous Physical Activity with childhood and adolescent overweight/obesity: findings from a surveillance project in Jiangsu Province of China. Nutrients. (2023) 15:4164. doi: 10.3390/nu15194164 
	 32. Gui,ZH, Zhu,YN, Cai,L, Sun,FH, Ma,YH, Jing,J , et al. Sugar-sweetened beverage consumption and risks of obesity and hypertension in Chinese children and adolescents: a National Cross-Sectional Analysis. Nutrients. (2017) 9:1302. doi: 10.3390/nu9121302 
	 33. He,B, Long,W, Li,X, Yang,W, Chen,Y, and Zhu,Y. Sugar-sweetened beverages consumption positively associated with the risks of obesity and hypertriglyceridemia among children aged 7-18 years in South China. J Atheroscler Thromb. (2018) 25:81–9. doi: 10.5551/jat.38570 
	 34. Quah,PL, Kleijweg,J, Chang,YY, Toh,JY, Lim,HX, Sugianto,R , et al. Association of Sugar-Sweetened Beverage Intake at 18 months and 5 years of age with adiposity outcomes at 6 years of age: the Singapore Gusto mother-offspring cohort. Br J Nutr. (2019) 122:1303–12. doi: 10.1017/s0007114519002253 
	 35. Zhang,T, Au Yeung,SL, Kwok,MK, Hui,LL, Leung,GM, and Schooling,CM. Association of Sugar-Sweetened Beverage Frequency with adiposity: evidence from the "children of 1997" birth cohort. Nutrients. (2020) 12:1015. doi: 10.3390/nu12041015 
	 36. Hur,YI, Park,H, Kang,JH, Lee,HA, Song,HJ, Lee,HJ , et al. Associations between sugar intake from different food sources and adiposity or cardio-metabolic risk in childhood and adolescence: the Korean child-adolescent cohort study. Nutrients. (2015) 8::20. doi: 10.3390/nu8010020 
	 37. Nurwanti,E, Hadi,H, Chang,JS, Chao,JC, Paramashanti,BA, Gittelsohn,J , et al. Rural-urban differences in dietary behavior and obesity: results of the Riskesdas study in 10-18-year-old Indonesian children and adolescents. Nutrients. (2019) 11:2813. doi: 10.3390/nu11112813 
	 38. Meng,Y, Li,S, Khan,J, Dai,Z, Li,C, Hu,X , et al. Sugar- and artificially sweetened beverages consumption linked to type 2 diabetes, cardiovascular diseases, and all-cause mortality: a systematic review and dose-response Meta-analysis of prospective cohort studies. Nutrients. (2021) 13:2636. doi: 10.3390/nu13082636 
	 39. Large,JF, Madigan,C, Pradeilles,R, Markey,O, Boxer,B, and Rousham,EK. Impact of unhealthy food and beverage consumption on children's risk of dental caries: a systematic review. Nutr Rev. (2024) 82:1539–55. doi: 10.1093/nutrit/nuad147 
	 40. Andreyeva,T, Marple,K, Marinello,S, Moore,TE, and Powell,LM. Outcomes following taxation of sugar-sweetened beverages: a systematic review and Meta-analysis. JAMA Netw Open. (2022) 5:e2215276. doi: 10.1001/jamanetworkopen.2022.15276 
	 41. Miller,C, Ettridge,K, Pettigrew,S, Wittert,G, Wakefield,M, Coveney,J , et al. Warning labels and interpretive nutrition labels: impact on substitution between sugar and artificially sweetened beverages, juice and water in a real-world selection task. Appetite. (2022) 169:105818. doi: 10.1016/j.appet.2021.105818 
	 42. Billich,N, Blake,MR, Backholer,K, Cobcroft,M, Li,V, and Peeters,A. The effect of sugar-sweetened beverage front-of-pack labels on drink selection, health knowledge and awareness: an online randomised controlled trial. Appetite. (2018) 128:233–41. doi: 10.1016/j.appet.2018.05.149 
	 43. Dillman Carpentier,FR, Mediano Stoltze,F, Reyes,M, Taillie,LS, Corvalán,C, and Correa,T. Restricting child-directed ads is effective, but adding a time-based ban is better: evaluating a multi-phase regulation to protect children from unhealthy food marketing on television. Int J Behav Nutr Phys Act. (2023) 20:62. doi: 10.1186/s12966-023-01454-w 
	 44. Naderer,B, Wakolbinger,M, Haider,S, Tatlow-Golden,M, Muc,M, Boyland,E , et al. Influencing children: food cues in Youtube content from child and youth influencers. BMC Public Health. (2024) 24:3340. doi: 10.1186/s12889-024-20870-6 
	 45. French,SA, Rydell,SA, Mitchell,NR, Michael Oakes,J, Elbel,B, and Harnack,L. Financial incentives and purchase restrictions in a food benefit program affect the types of foods and beverages purchased: results from a randomized trial. Int J Behav Nutr Phys Act. (2017) 14:127. doi: 10.1186/s12966-017-0585-9 
	 46. Kajons,N, David,M, Gowland-Ella,J, Lewis,P, and Batchelor,S. Thirsty? Choose water! Behavioural interventions and water stations in secondary schools a two-by-two factorial randomised controlled trial. BMC Public Health. (2018) 18:788. doi: 10.1186/s12889-018-5685-1 
	 47. Zoellner,JM, You,W, Porter,K, Kirkpatrick,B, Reid,A, Brock,D , et al. Kids Sipsmarter reduces sugar-sweetened beverages among Appalachian middle-school students and their caregivers: a cluster randomized controlled trial. Int J Behav Nutr Phys Act. (2024) 21:46. doi: 10.1186/s12966-024-01594-7 


Copyright
 © 2025 Li, Meng, Zhang, Li, Liang, Zheng, Li, Cao, Duan and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between sugar-sweetened beverage consumption and childhood overweight and obesity: a cross-sectional study in Beijing, China



		1 Introduction



		2 Materials and Methods



		2.1 Study population



		2.2 Data collection



		2.2.1 Childhood overweight/obesity



		2.2.2 SSB consumption



		2.2.3 Confounding variables









		2.3 Statistical analyses









		3 Results



		3.1 Demographic characteristics



		3.2 Frequency of SSB consumption



		3.3 Quantity of SSB consumption



		3.4 SSB consumption and overweight/obesity



		3.5 Subgroup analysis of gender, grade, and residence stratification









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Association between
sugar-sweetened beverage
consumption and childhood
overweight and obesity: a
cross-sectional study in Beijing,
China












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






