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Abstract

Aim: The prevalence of obesity among Chinese children and adolescents has been widely reported, but incidence
data remain scarce. This study examined the prevalence and incidence of obesity in Guangdong amid ongoing
economic and demographic transitions.

Methods: This study used data from the Surveillance for Common Diseases and Health Risk Factors in Students in
Guangdong Province (2019-2022). We calculated the prevalence (n = 117,862) and incidence (n = 108,043) of
obesity among children and adolescents aged 6-19 years, stratified by sex, age, educational level, ethnicity, and
residence.

Results: The baseline crude prevalence was 8.33% [95% confidence interval (CI): 8.17%, 8.49%] for obesity and
10.86% (95%Cl: 10.69%, 11.04%) for overweight. The crude prevalence of obesity increased from 7.41% (95%Cl:
717%, 7.65%) in 2019 to 9.10% (95%Cl: 8.89%, 9.31%) in 2022. The crude cumulative incidence was 3.03%, with
an incidence density rate of 19.32 cases per 1,000 person-years (PYs). Incidence density rates declined from 2019-
2020 (27.85 cases per 1,000 PYs) to 2020-2021 (19.01 cases per 1,000 PYs), followed by a slight, non-significant
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increase from 2020-2021 to 2021-2022 (19.74 cases per 1,000 PYs). Both the prevalence and incidence of
overweight and obesity were higher in younger children and in boys than in their respective counterparts.

Conclusion: Our longitudinal study (2019-2022) in Guangdong Province showed a persistent increase in obesity
prevalence, despite fluctuations in incidence among children and adolescents. The upward trend, particularly
pronounced in younger children and boys, highlights the urgent need for targeted public health interventions.

Keywords: Obesity, children, adolescents, longitudinal study, prevalence, incidence, China

INTRODUCTION

The rising prevalence of obesity among children and adolescents poses a serious global public health
challenge. As of 2022, 8% were affected worldwide". This trend is particularly pronounced in East Asia,
which has experienced the largest absolute increase in the number of obese children and adolescents over
the past four decades"”. China has undergone drastic socioeconomic changes since the 1990s, accompanied
by a rapid rise in obesity prevalence". For example, from 1995 to 2014, the prevalence of overweight and
obesity increased from 5.3% to 20.5% among children and adolescents'”. Despite extensive documentation
of obesity prevalence (14 articles describing Chinese children and adolescents since 2019; Supplementary
Table 1), province-wide, representative data from southern China, particularly post-2019, remain sparse.
Given the dynamic nature of this epidemic and evolving demographic profiles, ongoing surveillance is
essential to understand the disease burden. Guangdong Province, one of China’s fastest-growing economic
regions, can thus serve as a sentinel area for monitoring the obesity epidemic amid rapid economic

[19]

transformation'?,

Moreover, while prevalence data provide insight into the current burden of overweight and obesity,
incidence data are more informative for understanding the emergence of new cases over time. However,
such data are predominantly from developed countries and remain relatively scarce in China. In a US
cohort in 2010, the incidence of obesity from kindergarten through fifth grade was 16.2%", markedly
higher than in Japan, where the rate was only 4.2% between ages 42 months and 12 years”'’. Additionally, a
study from Sweden reported a lower obesity incidence of 10,799/948,062 (1.14%) among children aged 0-14
years from 2000 to 2010, These variations highlight the influence of cultural, economic, and policy factors
on obesity rates. In China, where rapid urbanization and economic development continue to reshape health
profiles, comprehensive incidence data are lacking. We identified three studies reporting obesity incidence
in children and adolescents in China: one based on the Chinese National Surveillance on Student
Constitution and Health (CNSSCH)"?, and two conducted in more economically developed urban areas,
namely Hong Kong"¥ and Shanghai®. Reported incidence rates varied from 4.3% to 12.8% among children
and adolescents aged 6-18 years. However, the reliability of these results may be limited by small sample
sizes and short follow-up durations®"***,

Our study utilized a large, representative sample from the Surveillance for Common Disease and Health
Risk Factors among Students in Guangdong Province (2019-2022). By analyzing both prevalence and
incidence rates of obesity, stratified by sex, age, educational level, ethnicity, and residence, we aim to
provide a comprehensive view of obesity trends amid China’s ongoing economic and demographic
transformations.
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METHODS

Study population

Our study was based on the Surveillance for Common Disease and Health Risk Factors among Students in
Guangdong Province (2019-2022), a comprehensive epidemiological initiative aimed at monitoring health
trends among youth across Guangdong, China. A stratified multistage sampling method was used to ensure
representativeness across the province’s diverse urban and rural landscapes. Initially, all 21 prefecture-level
cities were included. For each city, one urban district and one county were selected through random
sampling. Due to the lack of conventional urban districts in Dongguan and Zhongshan, the surveillance
framework was adapted to align with the unique administrative divisions of these cities.

Within each selected urban district, eight schools were chosen: two each of elementary, middle, and regular
high schools, plus one vocational high school and one university. In rural counties, five schools were
randomly selected: two elementary schools, two middle schools, and one regular high school. The selection
covered all educational stages from elementary through tertiary levels, specifically including students from
the first to third year at universities. The sampling frame captured all children and adolescents from at least
two classes per grade, ensuring broad coverage of the target population.

Schools selected at baseline were followed in subsequent annual surveillance rounds. Each year, new classes
were included alongside previously selected classes that had not yet graduated, forming a dynamic cohort.
Details of the survey design are provided in Supplementary Figure 1.

Demographic information was collected using structured questionnaires, including sex (boys, girls), age (6-
9, 10-14, 15-19 years), educational level (grades 1-3 and 4-6 for elementary; 7-9 for middle school; 10-14 for
high school and beyond), ethnicity (Han, others), and residence (urban, rural). Data collectors received
rigorous training to ensure standardized questionnaire administration. Completed questionnaires
underwent random checks for consistency and completeness, and a subset of responses was verified against
source documents where available. The dataset was further validated to identify and correct discrepancies or
outliers. Following data collection, all personal identifiers were removed to maintain participant anonymity,
rendering the dataset de-identified. The study was granted exemption by the Medical Research Ethics
Review Committee of the Guangdong Provincial Center for Disease Control and Prevention.

Assessment of obesity and its incidence

Anthropometric measurements were conducted by trained personnel following a standardized protocol.
Children and adolescents, attired in light clothing and without footwear, had their height and weight
measured to the nearest 0.1 centimeter and 0.1 kilogram, respectively. Detailed procedures are shown in the
Supplementary Materials. Body mass index (BMI) was calculated by weight in kilograms divided by height
in meters squared. The classification of obesity status followed the age- and sex-specific BMI criteria
outlined in the WS/T 456 - 2014 standards for the screening of malnutrition® and the WS/T 586 - 2018
standards for the screening of obesity in Chinese children and adolescents". Baseline obesity status (2019-
2021) was categorized into four groups - normal weight, underweight, overweight, and obesity - based on
the earliest recorded BMI. An incident case of obesity was defined as the first occurrence when a student’s
BMI met or exceeded the established threshold.

Statistical analysis

The demographic and baseline characteristics of the study population were summarized using proportions.
Chi-squared tests facilitated the comparison of categorical variables to identify significant differences at
baseline. The prevalence of obesity and overweight from 2019 to 2021 was determined by calculating the
proportion of obesity or overweight among all children and adolescents at baseline. Logistic regressions
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were used to examine the associations of baseline age with obesity and overweight, yielding odds ratios
(ORs) and 95% confidence intervals (CIs). Annual prevalence rates were computed similarly, based on the
number of cases within the cohort of children and adolescents assessed in each respective year (n = 45,874
for 2019, n = 64,611 for 2020, n = 91,447 for 2021, and n = 73,637 for 2022). Prevalence was presented as a
percentage, with 95%CIs derived from logit transformations (https://www.stata.com/manuals14/
rproportion.pdf).

Cumulative incidence rates were calculated by dividing the number of newly diagnosed students with
obesity during follow-up by that of children and adolescents without obesity at baseline. The time at risk,
expressed in person-years (PYs), was calculated from the initial anthropometric assessment to either the
first recorded incidence of obesity or the last measurement below the obesity threshold, whichever occurred
first. To account for variations in follow-up duration across the cohort, incidence density rates were
calculated by dividing the number of new obesity diagnoses by the total PYs at risk. The study period was
segmented into three equal intervals (September 2019-September 2020, September 2020-September 2021,
and September 2021-September 2022) to assess temporal shifts in obesity incidence. Within each interval,
only participants free from obesity at the onset were included and monitored until the subsequent year,
resulting in cohorts of 35,947, 36,976, and 60,486 participants for each respective period. Incidence density
rates were presented as cases per 1,000 PYs, with 95%CIs computed based on Poisson log-likelihood
approximation using “stptime” command in Stata (version 17.0, StataCorp LLC, College Station, TX, US).
Poisson regression was used to calculate sex-specific incidence rate ratios (IRRs), with adjustment for
baseline demographics including educational levels, ethnicity and residence, as well as initial obesity status.
Trends in incidence rates by age and period were also assessed using Poisson regression, with IRRs and
95%Cls estimated. Prevalence and incidence rates were directly standardized for age using data from the
seventh national population census of China conducted in 2020 (National Bureau of Statistics data, http://
www.stats.gov.cn/) .

Statistical analyses were performed using Stata version 17.0 (StataCorp LLC, College Station, TX, US). All
statistical tests were two-sided, with P < 0.05 indicating statistical significance.

RESULTS

Supplementary Figure 1 shows the enrollment and follow-up of study participants. A total of 128,240
children and adolescents were enrolled at baseline in 2019-2021. Those under the age of 6 or over 19 years
were excluded (n = 53), along with those with record errors (i.e., follow-up time < 0) (n = 211). After further
excluding participants who were lost to follow-up or had missing baseline information (n = 10,114), 117,862
children and adolescents remained and were included in the prevalence calculation for 2019-2021.
Additionally, after excluding those with baseline obesity (n = 9,819), a total of 108,043 children and
adolescents, each with at least two repeated measurements, were included in the incidence rate calculation.

Prevalence of obesity and overweight

Supplementary Table 2 shows that, of 117,862 children and adolescents at baseline, 52.71% were boys and
47.29% were girls. The predominant age group is 6-9 years (48.07%), followed by 10-14 years (36.64%) and
15-19 years (15.30%). In terms of schooling, 39.38% were in elementary grades 1-3, 22.24% in elementary
grades 4-6, 23.03% in middle school and 15.34% in high school or above. The participants were
predominantly of Han ethnicity (98.47%) and nearly evenly split between urban (56.36%) and rural (43.64%)
residents. Regarding obesity status, most students had a normal weight (68.99%) or were underweight
(11.82%), while 10.86% were overweight, and 8.33% were obese. Boys had a higher prevalence of overweight
and obesity compared to girls. Sex differences were observed in dietary and lifestyle behaviors
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Table 1. Prevalence of obesity and overweight by baseline characteristics on 117,862 children and adolescents aged from 6 to 19
years in 2019-2021 in Guangdong Province

No.of  Overall Educational levels
cases prevalence, % (95%CI) Prevalence, % (95%CI)
Crude Age-standardized Elementary school Elementary school Middle school High school and
prevalence rates’ (1-3 grades) (4-6 grades) (7-9 grades) above (10-14
grades)
Obesity
Overall 9819 8.33(817, 7.74(7.57,7.91) 9.07 (8.81,9.33)  10.11(9.75,10.48) 7.11(6.8], 5.70 (5.37, 6.04)
8.49) 7.43)
Sex Boys 6596 10.62 9.98 (9.72,10.25) 1116 (10.78,11.56)  13.07 (12.52,13.63) 9.08 (8.62, 7.79 (7.27,8.35)
(10.38, 9.57)
10.86)
Girls 3223 5.78 (5.59, 5.25(5.06,5.46) 6.68(6.36,7.02) 6.66(6.23,7.12)  5.06 (4.70, 3.40(3.03,3.80)
5.98) 5.44)
Ethnicity Han 9384 8.31(8.15, 7.73(7.56,7.90) 9.01(8.75,9.28)  10.10 (9.74,10.48) 7.13(6.82, 5.68 (5.35, 6.04)
8.48) 7.45)
Others 179 10.21(8.87, 9.69 (8.22,11.36) 12.21(9.76,15.18)  10.30(7.76,13.57) 9.32 (7.01, 7.59 (5.05,11.25)
1m.71) 12.30)
Residence Urban 4401 8.47 (8.23, 8.27(8.03,8.52) 9.12(8.62,9.65) 1114 (10.60,11.70) 7.73(7.30, 6.11(5.71, 6.54)
8.71) 8.18)
Rural 2984 7.42 (717, 6.82(6.55,7.10) 7.79(7.27,835)  9.11(8.63,9.61) 6.42 (6.00, 4.60 (4.05,5.23)
7.68) 6.86)
Overweight
Overall 12,802 10.86 10.97 (10.76, 11.18) 9.61(9.35,9.89) 1217 (11.78,12.57) 11.80 (11.42, 10.75 (10.31,11.21)
(10.69, 12.19)
11.04)
Sex Boys 7926 12.76 12.98 (12.67,13.3) 10.24 (9.87,10.63) 15.26 (14.68, 15.01 (14.43,  12.29 (11.64,12.96)
(12.50, 15.87) 15.62)
13.02)
Girls 4876 8.75(8.52, 8.76(8.49,9.03) 8.90(8.53,9.29) 8.57(8.09,9.08) 8.45(7.99, 9.07 (8.48,9.69)
8.99) 8.94)
Ethnicity Han 12,258 10.86 10.98 (10.77,11.20)  9.60(9.33,9.88) 1215 (11.75,12.56) 11.89 (11.50, 10.74 (10.29,11.21)
(10.68, 12.29)
11.04)
Others 203 11.57 11.82 (10.12,13.72) 9.03(6.93,11.68) 13.58 (10.65,17.17) 12.50 (9.81, 12.07 (8.79,16.35)
(10.76, 15.80)
13.16)
Residence Urban 6044 11.63 (11.36, 11.55 (11.26, 11.85) 10.24 (9.72,10.8) 12,52 (11.96,13.12) 12.66 (12.13, 10.92 (10.39,
11.91) 13.21) 1.47)
Rural 4260 10.59 10.35(9.99,10.71) 8.72(8.17,9.31) 11.83 (11.30,12.39) 10.81(10.27,  10.23(9.41, 1111
(10.29, 11.36)
10.89)

"Rates were directly standardized for age using data from the seventh national population census of China conducted in 2020. Cl: Confidence
interval.

[Supplementary Table 2]. Boys were more likely than girls to consume sugar-sweetened beverages and fried
food, while girls were more likely to consume fruits and vegetables. Smoking and alcohol use were also
more prevalent among boys.

Table 1 shows that the baseline crude prevalence was 8.33% (95%CI: 8.17%, 8.49%) for obesity and 10.86%
(95%CI: 10.69%, 11.04%) for overweight. The age-standardized prevalence was 7.74% (95%CI: 7.57%, 7.91%)
for obesity and 10.97% (95%CI: 10.76%, 11.18%) for overweight. From grades 1-3 to 4-6, the prevalence of
obesity (9.07% to 10.11%) and overweight (9.61% to 12.17%) increased, followed by a decline in middle and
high school. The highest prevalence occurred among boys from grades 4-6, with 13.07% for obesity and
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Table 2. The prevalence of obesity by demographic characteristics for 45,874 children and adolescents in 2019, 64,611 children and

adolescents in 2020, 91,447 children and adolescents in 2021, and 73,637 children and adolescents in 2022

Prevalence, % (95%Cl)

2019

2020

2021

2022

All
Age standardized prevalence rates’
Sex
Boys
Girls
Age, years
6-9
10-14
15-19
Educational levels
Elementary school (1-3 grades)
Elementary school (4-6 grades)
Middle school (7-9 grades)
High school and above (10-14 grades)
Ethnicity
Han
Others
Residence
Urban
Rural
No. of cases

No. of children and adolescents

7.41(7.17,7.65)
6.79 (6.54,7.06)

9.61(9.25,9.99)
4.98 (4.70,5.27)

8.17 (7.82,8.53)
7.25(6.87,7.65)
4.86 (4.34,5.44)

7.88(7.50, 8.27)
8.93(8.43,9.45)
6.12 (5.66, 6.62)
4.89 (4.36,5.48)

7.40 (7.16,7.64)
8.66 (6.51,11.44)

8.08 (7.74,8.43)
6.40 (6.05, 6.78)
3397

45,874

8.68 (8.47,8.90)
8.11(7.89, 8.33)

11.36 (11.03, 11.71)
5.75(5.49, 6.01)

9.98 (9.61,10.35)
8.93(8.60,9.27)
5.25(4.86,5.67)

9.85(9.44,10.27)
10.48 (10.05,10.92)
7.8 (6.77,7.60)
5.23(4.82,5.68)

8.70(8.48,8.92)
10.88 (8.84,13.3)

9.06 (8.74,9.39)
7.52(7.19,7.86)
5609
64,611

8.84 (8.66,9.02)
8.35(8.16, 8.55)

11.31(11.03, 11.6)
6.07 (5.85, 6.30)

9.87(9.57,10.18)
8.88(8.60, 9.16)
6.19 (5.81,6.58)

9.45(9.12,9.79)
10.70 (10.34,11.07)
7.23(6.88,7.59)
6.23 (5.84, 6.65)

8.82 (8.64,9.02)
11.10 (9.60, 12.80)

8.98 (8.70,9.27)
8.19 (7.89, 8.50)
8082

91,447

9.10 (8.89,9.31)
8.65(8.43,8.87)

11.55 (11.23, 11.87)
6.32(6.07,6.58)

10.05 (9.67,10.44)
9.53(9.23,9.83)
6.18 (5.78, 6.61)

9.82(9.40,10.26)
10.69 (10.35,11.05)
7.04 (6.64,7.45)
6.17 (5.72, 6.66)

9.11(8.90,9.32)
1140 (9.72,13.31)

9.43(9.11,9.76)
8.09 (7.74, 8.45)
6698

73,637

"Rates were directly adjusted for age using data from the seventh national population census of China conducted in 2020. Cl: Confidence interval.

15.26% for overweight. Overall, boys had a higher prevalence than girls, and urban residents exhibited a
higher prevalence than rural counterparts across most educational levels. Figure 1 and Supplementary Table
3 show a pattern of prevalence that initially increases and then decreases with age, peaking at age 10, with
10.45% for obesity. At most ages, boys exhibited higher prevalence of both obesity and overweight
compared with girls.

Table 2 and Supplementary Figure 2A show a general trend of gradual increase in prevalence from 2019 to
2022. The crude prevalence of obesity increased from 7.41% (95%CI: 7.17%, 7.65%) in 2019 to 9.10% (95%ClI:
8.89%, 9.31%) in 2022. The age-standardized prevalence rates similarly increased from 6.79% (95%CI: 6.54%,
7.06%) in 2019 to 8.65% (95%Cl: 8.43%, 8.87%) in 2022. The most pronounced annual increase was observed
in the youngest age group, 6-9 years, which surged from 8.17% in 2019 to 9.98% in 2020, and in the earliest
educational level, 1-3 grades, rising from 7.88% to 9.85% in the same interval. By 2022, the prevalence
among boys had peaked at 11.55%.

Incidence of obesity
Supplementary Table 4 shows that, from 2019 to 2022, among 108,043 children and adolescents, the overall
crude cumulative incidence rate was 3.03%, with age-standardized rates slightly lower at 2.64%. In all age
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Figure 1. Age-specific prevalence of obesity and overweight for children and adolescents in 2019-2021 in Guangdong province. This
figure shows the age-specific prevalence of obesity (A) and overweight (B) by sex for 117,862 children and adolescents. The black
vertical lines represent 95% confidence intervals.

groups, boys had higher incidence rates than girls. The youngest age group (6-9 years) and the earliest
educational level (elementary school grades 1-3) showed higher rates, as did participants of ethnic groups
other than Han, and those residing in urban areas. The incidence rates were highest among overweight
boys, at 20.31%, while the lowest rates were observed in underweight girls, at 0.34%.

Table 3 shows that, in all subgroups, boys had higher incidence density rates than girls. The overall crude
and age-standardized incidence density rates were 19.32 and 17.26 cases per 1,000 PYs, respectively. A
decremental trend was observed with advancing educational levels. Incidence density rates decreased by
25% in grades 4-6 (IRR: 0.75; 95%CI, 0.69 to 0.82), 48% in middle school (IRR: 0.52; 95%CI, 0.47 to 0.57) and
50% (IRR: 0.50; 95%CI, 0.44 to 0.57) in high school and above, compared with grades 1-3. Children and
adolescents with overweight had a 23.08-fold higher risk of developing obesity than those with normal
weight at baseline (IRR: 24.08; 95%CI, 21.94 to 26.43). Boys with overweight exhibited the highest incidence
density rates (141.85 cases per 1,000 PYs), whereas underweight girls had the lowest (1.99 cases per 1,000
PYs).

Figure 2A and Supplementary Table 5 show a decline in incidence density rates with increasing age, a trend
observed across both sexes. Figure 2B shows disparities in incidence rates based on baseline obesity status,
with students who were overweight exhibiting substantially higher rates of developing obesity than their
normal-weight or underweight peers across all age groups. Supplementary Table 5 shows that incidence
density rates were greatest at age 7, with 32.39 cases per 1,000 PYs in boys and 204.61 cases per 1,000 PYs in
overweight children and adolescents.

Supplementary Table 6 and Supplementary Figure 2B show a general trend of decreasing incidence density
rates from September 2019-September 2020 (27.85 cases per 1,000 PYs) to September 2020-September 2021
(19.01 cases per 1,000 PYs), followed by a slight, non-significant increase from September 2020-September
2021 to September 2021-September 2022 (19.74 cases per 1,000 PYs). Incidence density rate of overweight
children and adolescents was highest in September 2019-September 2020, reaching 210.52 cases per 1,000
PYs.
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Table 3. Incidence density rates of obesity by baseline characteristics for 108,043 s in 2019-2021 and followed up till 2022 in
Guangdong province

Overall Boys Girls
personyents " IRR (95%Ch personyents . IRR Rate, cases per1,000 IRR
0, - 0, 0,
(95%CI) (95%CI) (95%CI) person-years (95%CI) (95%CI)
Crude 19.32 (18.67, 20.00) 24.46 (23.44, 25.52) 13.91(13.13,14.74)
ASIRs' 17.26 (16.57,17.97) 22.03 (20.95, 23.16) 12.26 (11.44,13.12)

Educational levels, grade

1-3 22.40 (21.38,23.47) Ref. (1.00) 27.87 (26.30, 29.53) Ref. (1.00) 16.54 (15.30, 17.88) Ref. (1.00)
4-6 21.33(19.82,22.97) 0.75(0.69, 25.78 (23.50, 28.29) 0.63(0.56, 16.48 (14.60, 18.61) 1.01(0.87,
0.82) 0.70) 1.18)
7-9 14.23 (13.03,15.53) 0.52(0.47, 20.01(18.02, 22.21) 0.50(0.44, 848(7.23,9.95) 0.53(0.44,
0.57) 0.56) 0.64)
10-14 13.23 (11.78, 14.86) 0.50(0.44,  16.73(14.48,19.34) 048 (0.41,  9.62(7.92,1.68) 0.54 (0.44,
0.57) 0.56) 0.67)
Ethnicity
Han 19.36 (18.70, 20.05) Ref. (1.00) 24.48 (23.44,25.56) Ref. (1.00) 13.97 (13.17,14.82) Ref. (1.00)
Others 23.44 (17.87,30.77) 1.20 (0.90, 30.74 (22.07, 42.81) 1.22(0.85, 15.75(9.79, 25.34) 119 (0.72,
1.61) 1.74) 1.99)
Residence
Urban 19.15 (18.21, 20.15) Ref. (1.00) 24.56 (23.07, 26.15) Ref. (1.00) 13.53 (12.42,14.75) Ref. (1.00)
Rural 17.31(16.28,18.41) 0.96 (0.89, 22.19 (20.58, 23.94) 0.96 (0.87, 1216 (10.95,13.51) 0.95(0.83,
1.03) 1.06) 1.08)
Obesity status
Normal 5.88 (5.47,6.31) Ref. (1.00) 7.56 (6.90, 8.27) Ref. (1.00) 4.29 (3.81,4.82) Ref. (1.00)
2.75(2.15,3.52) 0.45(0.33, 3.29(2.45,4.42) 0.44 (0.31, 1.99 (1.27,3.12) 0.40(0.23,
underweight 0.60) 0.62) 0.71)
Overweight 131.87 (126.76,137.19) 24.08 (21.94, 141.85(135.09,148.95)  20.33 (1811, 116.30 (108.72,124.41) 29.36 (25.12,
26.43) 22.83) 34.31)

"Rates were directly standardized for age using data from the seventh national population census of China conducted in 2020. 'P<0.05 P<
0.01; P <0.001. ASIRs: Age-standardized incidence rates; IRR: incidence rate ratio; Cl: confidence interval.
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Figure 2. Age-specific incidence density rates of obesity for children and adolescents in 2019-2021 and followed up till 2022 in
Guangdong Province. This figure shows age-specific incidence density rates by sex (A) and baseline obesity status (B) for 108,043
children and adolescents.
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DISCUSSION

In this study, we address the gap in longitudinal research on obesity incidence among children and
adolescents in China, where previous studies have largely focused on prevalence. Our comprehensive data
from 2019 to 2022 for Guangdong Province provides a detailed report on both the prevalence and incidence
of obesity. We found that the crude prevalence of obesity increased from 7.41% in 2019 to 9.10% in 2022,
reflecting an upward trend. Moreover, the incidence of obesity was found to be 19.32 cases per 1,000 PYs,
which was comparable to those observed in Japan (4.2%)"" and Sweden (1.14%)"”, yet much lower than the
US (16.2%)"". Notably, the data show higher rates of prevalence and incidence in boys, younger children
and those residing in urban areas. These findings call for multifaceted public health strategies that
incorporate cultural and socioeconomic factors to effectively combat this growing obesity epidemic.

The crude prevalence of 8.33% for obesity and 10.86% for overweight observed in our study are consistent
with the combined prevalence of 19% for overweight and obesity reported by the most recent round of
China Chronic Disease and Nutrition Surveillance (2015-2019)"". The prevalence align with findings from
two national surveillance studies"*” and a study using data from 31 provinces in China', as well as studies
conducted regionally: a cross-sectional"” and a cohort study"” in southwestern China (Chengdu), two
cross-sectional studies in eastern China (Zhejiang"*' and Suzhou"), and a longitudinal study in southern
China (Hong Kong)"®. However, the prevalence in our population was slightly lower than previously
reported figures, with obesity prevalence in other studies ranging from 7.67% in 2019 to 12.77% in 2020, and
overweight and obesity prevalence ranging from 16.7% to 23.4% in 2019*'*>">'*'>%] The prevalence of
overweight and obesity in our study was also apparently lower than those observed in three cohort
studies""*', one cross-sectional study” and one surveillance', with differences exceeding 5%, potentially
because those studies primarily involved urban or developed regions in eastern (Shanghai”*'* and Jiangsu"
) or northern China (Beijing"”). In contrast, a study in Yunnan showed a lower age-standardized obesity
prevalence, i.e., 4.24% in 2019, possibly because 83.55% of participants of this Yunnan study were from rural
areas'”. Such regional disparities highlight the distinct profiles of obesity across China. Previous studies
suggest that children from southern China, including Guangdong, traditionally had lower rates of
overweight and obesity compared to those in northern and northeastern regions">””. Previous national data
from CNSSCH showed that Guangdong was among the provinces with the lowest prevalence of overweight
and obesity among both boys (1985: 0.3%; 2005: 5.6%) and girls (1985: 0.5%; 2005: 3.2%) from 1985 to 2005,
while Beijing was consistently the highest area among both boys (1985: 2.9%; 2005: 16.4%) and girls (1985:
3.0%; 2005: 10.1%)"". This variation may be influenced by differences in dietary and physical activity, as
evidenced by nationally representative data from the China Health and Nutrition Survey (CHNS) (2015-
2017). This indicated that the northern wheat-based dietary pattern was associated with a higher risk of
overweight/obesity compared to the southern rice-based diet*”.

The rising prevalence of childhood obesity is driven by multiple factors. Evidence indicates that compared
with the offspring who were free of parental overweight/obesity, those with both parental overweight/
obesity had markedly higher odds of developing general, simple abdominal and compound obesity (ORs:
2.66, 1.72, and 4.04, respectively)®. This intergenerational association may reflect genetic susceptibility”®),
shared familial lifestyle behaviors®*, or both". These findings underscore the need for multifaceted,
family-centered interventions that target lifestyle modification, and highlight the importance of integrated
strategies combining individual and household engagement"”. In addition, the role of environmental
“obesogens” in the increasing prevalence of obesity is attracting more and more attention®. Currently,
more than 50 chemicals with substantial human exposure have been identified as potential environmental
obesogens capable of disrupting lipid metabolism and promoting adiposity””. As the food delivery industry
expands rapidly, children and adolescents are becoming increasingly exposed to microplastics””. Evidence
from both epidemiological and experimental studies suggests that exposure to microplastics is associated
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with metabolic disturbances and an increased risk of obesity””**. These findings underscore the importance

of implementing comprehensive public health measures to mitigate environmental pollution.

The crude cumulative incidence rate of obesity in our study was 3.03% among children and adolescents
aged 6-19 years, including both boys and girls. This rate is lower than that previously reported in national
data from the US (16.2%)"” and Japan (4.2%)"", but higher than in Sweden (1.14%)"”. These differences can
be explained by several factors: the longer follow-up periods in previous studies (at least 6 years), a high
incidence of obesity among children born in the mid-2000s in the US, and potential underestimation of
obesity incidence in Swedish adolescents, where the definition of obesity was based on hospital register
data**?). Moreover, the incidence in our study was slightly lower than the 4.3% reported by the Surveillance
of Students’ Common Diseases and Health Influencing Factors in Shanghai'®, and significantly lower than
that previously reported in CNSSCH (12.8%)"". These differences might be explained by variations in
cultural preferences, social norms, and levels of urbanization across regions. Given the lack of large, long-
term cohorts in China, our findings add to the literature by offering recent insights into obesity trends in
Guangdong; however, further research is needed to fully understand the evolving patterns of obesity
incidence across different regions of China.

The incidence of obesity was notably high from September 2019 to September 2020, consistent with
significant weight gain among children and adolescents in California during the coronavirus disease 2019
(COVID-19) pandemic*. This increase was closely linked to lifestyle changes including reduced physical
activity, increased sedentary behaviors, and longer screen and sleep time'*". Although the incidence
subsequently declined and stabilized over the next two years, the prevalence continued to rise. The
persistent increase in obesity prevalence supports the assertion that China remains in the early stages of the
obesity epidemic'®?. The rapid rise in prevalence during the COVID-19 pandemic (from 7.41% in 2019 to
8.68% in 2020) suggests that the prognosis of this epidemic is accelerating, highlighting the urgent need for
effective public health interventions.

The higher prevalence of obesity in boys in our study was consistent with a previous review in China'.
This gender disparity may stem from differences in genetics, hormones, body composition, dietary habits,
and sociocultural attitudes towards weight'***". Sex-specific behaviors observed in our study may help to
explain the greater obesity prevalence in boys. Boys were more likely to consume sugar-sweetened beverages
and fried food, and to smoke and drink alcohol, while girls reported higher intake of fruits and vegetables.
In addition, inherent biological differences between sexes may also contribute to the observed disparity in
obesity prevalence. For instance, women generally exhibit higher brown adipose tissue (BAT) activity than
men'. BAT plays a key role in thermogenesis by dissipating energy as heat through uncoupling protein 1
(UCP1) instead of producing adenosine triphosphate (ATP), thereby promoting calorie expenditure'*”. In
our study, the highest prevalence of overweight and obesity was observed among adolescents aged 10, which
may be attributed to poor diet quality and low levels of physical activity within this age group".
Furthermore, we found that the incidence of obesity was higher in younger age groups, peaking between the
ages of 6 and 7 years, which was consistent with studies from Spain and the US**. Of the 3,269 new
obesity diagnoses in our study, 75% were overweight at baseline, underlining the importance of weight
management in those who were overweight in preventing the development of obesity. Early identification
and intervention of obesity might help to reduce obesity risk in children and adolescents.

Consistent with a previous study*”’, we found that urban students had a higher prevalence of obesity than
their rural counterparts. However, this urban-rural disparity in obesity prevalence is diminishing and, in
some cases, reversing as urbanization progresses. Notably, a recent study showed a higher prevalence of
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obesity in rural women compared to urban women, suggesting shifting health challenges as lifestyle changes
permeate rural areas”'. This evolving pattern highlights the need for targeted public health interventions
that take into account the complex interaction of geography, culture, and socioeconomic factors in
addressing the obesity epidemic.

Strengths and limitations

The major strength of our study lies in its large sample size of children and adolescents aged 6 to 19 years
with at least two repeated measurements. This representative sample enables us to provide recent estimates
of prevalence and incidence of obesity in southern China. Despite these strengths, our study also has several
limitations. First, the proportion of students aged 18 years and older was relatively low. However, the age-
standardized prevalence and incidence were only marginally lower than the pre-standardized values, and
the patterns across different subgroups and years remained consistent with the crude rates. Second, this
study did not collect information on family-related factors or environmental pollution (e.g., exposure to
microplastics), which may also influence the development of obesity in children and adolescents. Future
studies including these factors are needed to provide a more comprehensive understanding of the risk
factors underlying childhood obesity. Third, inherent biological traits that may contribute to sex differences
in obesity were not captured. Although we provided sex-stratified baseline lifestyle characteristics and
discussed potential biological mechanisms, future studies incorporating detailed biological measurements
are warranted to better elucidate the observed sex disparities. Additionally, only 1.53% of the sample
comprised students from ethnic groups other than Han, and the surveyed schools were limited to district-
and county-level schools, excluding those at township- and village-level schools. This suggests a need for a
broader sample to fully capture the diversity of obesity prevalence and incidence. Finally, due to regional
variations, the findings from Guangdong may not be generalizable to other provinces.

Conclusion

In conclusion, this study of obesity trends in children and adolescents in Guangdong province showed an
upward trend in prevalence from 2019 to 2022, marked by pronounced disparities across age, sex, and
ethnicity. Our findings indicate that younger children and boys were particularly vulnerable, highlighting
the need for targeted interventions. Moreover, the differences in obesity rates between urban and rural areas
and among ethnic minorities highlight the complexity of the obesity epidemic in southern China. These
findings underscore an urgent public health imperative to strengthen early prevention and implement
comprehensive strategies to curb the growing burden of childhood obesity.
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