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to the Chinese National Survey on Constitution and 
Health in Students, the combined prevalence of obe-
sity and overweight in Chinese children aged 7 –18 
years had reached 19.2% in 20104). Meanwhile, Chi-
nese children have also experienced a significant 
increase in the prevalence of other cardiovascular risk 
factors, including hypertension, dyslipidemia, impaired 
fasting glucose, and metabolic syndrome (MetS) dur-
ing the past several years5-8). Considering that these 
health problems not only affect the metabolic and 
psychosocial status in the short term but also contrib-
ute to a higher risk for consequent cardiovascular dis-
eases in adulthood, it is important to determine valid 
measures for the prevention of obesity and other car-
diovascular disorders in children.

Introduction

With the rapid economic growth and drastic 
global shifts in diet and lifestyle, the prevalence of 
obesity and obesity-related cardiovascular risk factors 
in children, including hypertension and abnormal lipid 
and elevated fasting glucose levels, have increased evi-
dently worldwide in the recent decades1-3). According 
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Anthropometric Measurement
Anthropometric measurements of height, weight, 

waist circumference, and blood pressure were all made 
by experienced clinicians and nurses according to 
standardized methods. Participants were requested to 
be in light clothing during the measurements. Height 
was measured to the nearest 0.1 cm using a fixed sta-
diometer. Weight was measured to the nearest 0.1 kg 
using a level scale and then body mass index (BMI) 
was calculated. Waist circumference was measured to 
the nearest 0.1 cm using a flexible tape in the standing 
position after a gentle respiration, taking the umbilical 
scar as the reference. The systolic and diastolic blood 
pressures of children were measured in a seated posi-
tion using a sphygmomanometer. The meanof two 
consecutive measures was used in the analyses.

Assessment of SSB Consumption and Lifestyle 
Factors

The self-reported questionnaire in this study 
included questions regarding general demographic 
information (age and gender), physical activities (mainly 
including vigorous-intensity and moderate-intensity 
activities), sedentary behavior, sleep duration, dietary 
information, SSB consumption, and the attitudes of 
teachers and schools of the children toward SSB con-
sumption. To estimate SSB consumption and fre-
quency, the question was put forth as: “How many 
days and how many servings of SSB did you have last 
week ? (SSB include carbonated drinks, juices, and 
sports and sweet tea beverages. One serving of SSB 
was approximately equal to 250 mL.)”. For dietary 
information, similar questions regarding the consump-
tion of fruit, vegetable, and meat were asked (One 
serving of the fruit, vegetable, and meat was approxi-
mately equal to the palm size of an adult). Children 
were also asked questions regarding their teachers’ and 
schools’ attitudes toward SSB consumption, including 
“Does your teacher allow you to bring the SSB into 
the classroom?” and “Can you buy SSB in the can-
teen or the stores of your school ? ” For physical activi-
ties, moderate-intensity (those having 3 –6 metabolic 
equivalents) and vigorous-intensity (those having ＞6 
metabolic equivalents) activities were estimated by 
giving examples. The question asked was as follows: 
“How many days and how many hours per day did 
you perform vigorous-intensity (such as running, bas-
ketball, football, and physical fitness activities) and 
moderate-intensity (such as table tennis, moving some-
thing light, and dancing) activities last week ? ” For 
sedentary behavior, the question was as follows: “How 
many hours and minutes did you sit and lie (excluding 
sleeping) per day ? ” For sleeping duration, children 
were asked the question: “How many hours do you 

Energy-dense diets, brought about by improved 
economic conditions, have been considered to be one 
of the determinants of the rapid increase of obesity as 
well as other cardiovascular risk factors9). As one of the 
important types of energy-dense diets, excessive sugar-
sweetened beverages (SSBs) consumption may bring 
about heavy energy intake and would be strongly asso-
ciated with obesity and obesity-related risk factors. 
Several studies have reported a positive relationship 
between SSB consumption and obesity and other car-
diovascular risk factors in adults and children, while 
others have not10-14). A study has revealed that an extra 
cup of SSB per day would increase the risk of obesity 
by 1.6 times in American children aged 11.7 years on 
average15). A similar study on the relationship between 
excessive SSB consumption and obesity and other car-
diovascular risk factors was limited to Chinese chil-
dren. Most of the previous studies mainly focused on 
the frequency of SSB consumption and sugar and 
energy intake from SSB. Additionally, effective poli-
cies were put forth to control SSB consumption in 
other countries, such as an additional 20% tax on SSB 
in Australia16), whereas no official measures were car-
ried out in China. Therefore, we conducted this study 
mainly to estimate SSB consumption and to explore 
the relationship between daily SSB consumption and 
the risks of obesity and other cardiovascular risk fac-
tors in children living in South China to provide evi-
dences to put forth SSB controlling policies in China.

Methods

Study Design and Sample
The study was designed as a cross-sectional study. 

Data were obtained from a baseline survey that was 
performed in a national multi-centered project on 
school-based health lifestyle interventions against obe-
sity among Chinese children and adolescents during 
2013 and 201417). The initial sample included 2,878 
children recruited from five elementary and four sec-
ondary schools in Guangzhou. Children aged 7–18 
years and those who completed the anthropometric 
measurement, questionnaire assessment, and blood 
sample collection were eligible to participate in this 
study (n=2,157). Participants were excluded if they 
refused to finish anthropometric measurement, ques-
tionnaire assessment, and blood sample collection, if 
their data for SSB consumption were missing, or if 
they had acute or chronic diseases (n=125). The final 
sample consisted of 2,032 children. The study was 
approved by the ethical committee of the Peking 
University. Written informed consents were obtained 
from both students and their legal guardians.
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characteristics was presented as mean and standard 
error. The quartiles calculated by the software were 
then applied to determine SSB consumption levels. 
Chi-square test was used to determine the difference 
between categorical variables, while t -test and one-
way ANOVA were used for the comparison of contin-
uous variables among the four SSB consumptions. 
Post hoc Dunnet’s t -test was applied to examine the 
intergroup differences. Logistic regression was used to 
explore the association between SSB consumption and 
cardiovascular risk factors in both crude and adjusted 
models controlling for age, gender, and physical activi-
ties. A two-sided P-value ＜0.05 was considered sig-
nificant.

Results

SSB Consumption Among Categories of Different 
Characteristics

A total of 2,032 children were included in this 
study, including 1,013 boys and 1,019 girls. Their age 
ranged from 6 to 18 years (69.0% ranged from 6 to 
12 years and 31.0% from 13 to 18 years). In these 
participants, 230 (11.3%) children were overweight, 
178 (8.8%) were obese, and 423 (20.8%) were with 
higher waist circumference. The mean SSB consump-
tion in all participants was 90.45±3.55 mL/day. SSB 
consumption even reached 138.51±4.96 mL/day per 
consumer. Overall, 34.7% participants were non-drink-
ers, 21.7% reported that they consumed more than 
120 mL per day (which approximately equals more 
than 3 servings a week), and 9.5% consumed more 
than 250 mL per day. Table 1 shows SSB consump-
tion of children in different categories of the charac-
teristics including gender, age, nutritional status, fast-
ing glucose level, lipid profile, their teacher’s and 
school’s attitude toward their SSB drinking behavior, 
moderate-to-vigorous physical activity, and sleeping 
duration. Children having higher SSB consumption 
were more likely to be boys and to have higher age 
and lower sleeping duration. Their SSB drinking behav-
iors were more likely to be not prohibited by their 
teachers and schools. However, no statistical signifi-
cance in SSB consumption was revealed among chil-
dren with different nutritional statuses, physical activi-
ties, and fasting glucose and lipids levels.

Characteristics of the Participants Stratified by SSB 
Consumption

Characteristics of the participants stratified by 
SSB consumption are shown in Table 2. Compared 
with that in the girls, the percentage of participants 
consuming more than 120 mL/day was significantly 
higher and percentage of non-drinkers was much lower 

sleep per day ? ” Sleep duration per day was categorized 
into four groups (＜7.0, 7–9, 9–11, and ＞11 h/day). 
All these questions were previously tested and vali-
dated.

Lipid and Glucose Concentrations in Serum
Venous blood samples were drawn after an over-

night fast. Both serum and plasma were collected by 
centrifugation at 3000 r/min for 10 min at 4℃ and 
thereafter, stored at －80℃ until analysis. The serum 
concentrations of glucose and lipids (triglyceride, high-
density and low-density lipoprotein cholesterol, and 
total cholesterol) were determined using commercial 
colorimetric kits (Biosino Biotechnology Company 
Ltd, Beijing, China) and an automated analyzer (Hita-
chi Co Ltd). These analyses were performed in spe-
cialty laboratories accredited by the Peking University. 
For all laboratory methods, the inter- and intra-assay 
coefficients of variation were below 5%.

Definition of Obesity and Other Cardio-Metabolic 
Risk Factors

According to the guidelines of the Working Group 
on Obesity in China, obesity and overweight were 
defined as BMI ≥95th and 85th percentile using age- 
and gender-specific cutoff points, respectively18, 19). 
Abdominal obesity was defined as WC ≥90th percen-
tile using age and gender-specific cutoff points20).

Other cardio-metabolic risk factors, including 
hypertension, abnormal fasting glucose and lipid lev-
els, dyslipidemia, and MetS, were mainly defined using 
the MetS criteria proposed by Cook et al 21). Hyper-
tension was defined as either SBP or DBP ≥90th per-
centile using age-, gender-, and height-specific cutoff 
points22). Elevated fasting glucose level was defined as 
the fasting glucose level ≥5.6 mmol/L. Hypertriglyc-
eridemia was defined as TG ≥1.7 mmol/L. Hypercho-
lesterolemia was defined as TC ≥5.18 mmol/L. Dys-
lipidemia was defined as having one or more of the 
following abnormal lipids levels: TG ≥1.7 mmol/L, 
TC ≥5.18 mmol/L, HDL ≤1.03 mmol/L, and LDL 
≥3.36 mmol/L21, 23). MetS was defined as meeting three 
or more of the following criteria: abdominal obesity, 
high blood pressure, TG ≥1.7 mmol/L, HDL-C ≤1.03 
mmol/L, and fasting serum glucose ≥5.6 mmol/L21).

Statistical Analysis
The data bank was established by Epidata 3.0 

software (The Epidata Association, Odense, Denmark). 
All statistical analyses were performed using SPSS 
19.0 software (SPSS 19.0, Chicago, USA). Character-
istics of the participants were first presented as num-
ber and percentage in different categories. The average 
SSB consumption among the categories of different 
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aged between 13 and 18 years and 14.5% in those 
aged between 6 and 12 years. Participants whose SSB 
drinking behaviors were allowed had a higher percent-

in boys. When analyzing the consumption by differ-
ent age groups, the number of participants who con-
sumed more than 120 mL/day reached 37.6% in those 

Table 1. Sugar-sweetened beverage consumption and characteristics of the participants (n=2032).

Characteristics Categories
Amount SSBs intake (ml/day)

P
n % mean SE

Gender Boys 1013 49.9 112.04 6.03 ＜0.001

Girls 1019 50.1 69.00 3.66

Age 6-12 y 1402 69.0 64.21 2.95 ＜0.001

13-18 y 630 31.0 148.86 8.96

BMIa Underweight 276 13.6 73.38 7.45 0.099

Normal 1345 66.2 90.00 4.61

Overweight 230 11.3 106.91 10.58

Obese 178 8.8 100.64 10.45

WCb Normal 1609 79.2 87.78 4.05 0.143

High 423 20.8 100.61 7.35

TCc Normal 1790 88.1 92.48 3.92 0.121

High 242 11.9 75.44 7.09

LDL-Cd Normal 1877 92.4 91.32 3.77 0.274

High 155 7.6 79.97 9.62

TGe Normal 1930 95.0 89.01 3.58 0.076

High 102 5.0 118.1 20.65

HDL-Cf Normal 1788 87.7 88.14 3.69 0.130

Low 249 12.3 107.04 11.90

SBPg Normal 1917 94.3 91.03 3.72 0.342

High 115 5.7 80.90 9.94

DBPh Normal 1904 93.7 90.86 3.71 0.659

High 128 6.3 84.40 11.75

FSGi Normal 2002 98.5 90.20 3.59 0.566

High 30 1.5 107.14 27.82

Teacher’s attitude Allow 350 17.2 144.76 11.38 ＜0.001

Not allow 1662 81.8 79.14 3.54

School’s attitude Allow 876 43.1 117.18 6.66 ＜0.001

Not allow 1134 55.8 70.45 3.62

MVPAj ＜2 h/day 1455 71.6 87.97 3.85 0.104

≥2 h/day 170 8.4 115.8 16.54

Sleep duration ＜9 h/day 1453 71.5 93.90 4.19 ＜0.001

≥9 h/day 410 20.2 61.15 7.08

aBMI=Body mass index
bWC=Waist circumference
cTC=Total cholesterol
dLDL-C= low-density lipid protein cholesterol
eTG=Triglyceride
fHDL=High-density lipid protein cholesterol
gSBP=Systolic blood pressure
hDBP=Diastolic blood pressure
iFSG=Fasting serum glucose
jMVPA=moderate to vigorous physical activities
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ence, and levels of TG and HDL-C than non-drink-
ers. No significant differences were observed in fruit 
and vegetable consumption, sedentary behavior, and 
fasting serum glucose levels between these groups.

SSB Consumption and Risk of Nutrition-Related 
Cardiovascular Risk Factors

Considering nutrition-related cardiovascular risk 

age of SSB consumption per day and a lower percent-
age of non-drinkers than those whose SSB drinking 
behaviors were prohibited by their teachers and schools. 
When the nutritional characteristics was analyzed, the 
differences of nutrition status and lipid profile were 
displayed among children with different SSB con-
sumption levels; those who drank more than 120 mL/
day had a significantly higher BMI, waist circumfer-

Table 2. Characteristics of the participants by Sugar-sweetened beverages consumption levels.

Characteristics

SSBs intake

P
Non-drinker

(n=705)
~ 36 ml/day

(n=403)
~ 120 ml/day

(n=484)
≥120 ml/day

(n=440)

N or mean % or SE N or mean % or SE N or mean % or SE N or mean % or SE

Gender ＜0.001

Boys 329 32.5 173 17.1 231 22.8 280＊ 27.6

Girls 376 36.9 230 22.6 253 24.8 160＊ 15.7

Age ＜0.001

6-12 y 545 38.9 329 23.5 325＊ 23.2 203＊ 14.5

13-18 y 160 25.4 74 11.7 159＊ 25.2 237＊ 37.6

Teacher’s attitude ＜0.001

Allow 89 25.4 47 13.4 101＊ 28.9 113＊ 32.3

Prohibit 608 36.6 352 21.2 378＊ 7.8 324＊ 19.5

School’s attitude ＜0.001

Allow 256 29.2 144 16.4 218 24.9 258＊ 29.5

Prohibit 438 38.6 257 22.7 260 22.9 179＊ 15.8

Sedentary behavior (h/d) 5.28 0.17 5.16 0.21 5.49 0.19 5.56 0.21 0.479

Fruit intake (portion/d) 1.29 0.05 1.21 0.05 1.19 0.04 1.33 0.05 0.805

Vegetable intake (portion/d) 2.19 0.06 1.87 0.07 1.88 0.06 2.08 0.07 0.091

Meat intake (portion/d) 1.58 0.05 1.44 0.06 1.67 0.07 2.13 0.08 ＜0.001

BMI (kg/m2)a 17.47 0.14 17.11 0.16 18.12＊ 0.16 19.43＊ 0.18 ＜0.001

WC (cm)b 62.76 0.39 62.11 0.51 64.89＊ 0.48 69.00＊ 0.18 ＜0.001

TC (mmol/L)c 4.25 0.03 4.34 004 4.29 0.04 4.18 0.04 0.03

LDL-C (mmol/L)d 2.34 0.03 2.45＊ 0.03 2.38 0.03 2.30 0.03 ＜0.001

TG (mmol/L)e 0.86 0.01 0.84 0.01 0.91 0.02 0.96＊ 0.03 ＜0.001

HDL-C (mmol/L) f 1.38 0.01 1.43＊ 0.01 1.38 0.02 1.32＊ 0.31 ＜0.001

SBP (mmHg)g 96.82 0.37 95.78 0.45 97.23 0.42 99.60＊ 0.48 ＜0.001

DBP (mmHg)h 61.56 0.28 61.37 0.20 61.76 0.30 63.36 0.34 ＜0.000

FSG (mmol/L) i 4.57 0.03 4.55 0.02 4.62 0.03 4.61 0.03 0.227

aBMI=Body mass index
bWC=Waist circumference
cTC=Total cholesterol
dLDL-C= low-density lipid protein cholesterol
eTG=Triglyceride
fHDL=High-density lipid protein cholesterol
gSBP=Systolic blood pressure
hDBP=Diastolic blood pressure
iFSG=Fasting serum glucose
＊The pair-wise difference was significant in contrast with that of the non-drinkers at 0.05 level.
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eridemia (OR: 1.70, 95% CI: 1.02–3.06).

Discussion

Studies in adults have demonstrated that exces-
sive SSB consumption would largely contribute to 
weight gain and elevated risk of cardiovascular disor-
ders, such as hypertension, MetS, and diabetes24-26). 
However, studies regarding the relationship between 
SSB consumption and the risks of obesity and cardio-
metabolic risk factors were insufficient in Chinese chil-
dren. In the present study, we analyzed daily SSB con-

factor including obesity, dyslipidemia, pre-hyperten-
sion, and high fasting glucose levels as dependent vari-
ables and SSB consumption as the independent vari-
able, the results of logistic analyses are displayed in 
Table 3. After adjustment of age, gender, physical 
activities, sleeping duration, sedentary behavior, and 
dietary information, children having more SSB per 
day had significantly higher rates of obesity. SSB con-
sumption more than 120 mL/day was associated with 
a 108% higher risk of obesity [odds ratio (OR): 2.08, 
95% CI: 1.21–3.54], 83% of abdominal obesity (OR: 
1.83, 95% CI: 1.25 –2.69), and 70% of hypertriglyc-

Table 3. Odds ratios of cardiovascular risk factors in children and adolescents in sugar-sweetened beverages of each Quartiles.

Quartiles of SSB intake

Non-drinker ~ 36 ml/day

Prevalence

(%)

Crude OR

(95% CI)

Adjusted OR

(95% CI)

Prevalence

(%)

Crude OR

(95% CI)

Adjusted OR

(95% CI)

Obesity

Overweight

Abdominal obesity

Hypertension

Hypertriglyceridemia

Hypercholesterolemia

High LDL-C Levelb

Low HDL-C Level c

High FSG Leveld

Dyslipidemia

MetSe

7.9

10.2

18.9

10.2

4.4

10.5

7.0

12.6

1.0

25.2

2.7

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

6.5

10.2

18.1

10.2

4.0

15.6

9.9

10.7

1.0

26.8

2.2

0.80 (0.49, 1.29)

0.99 (0.66, 1.49)

0.95 (0.69, 1.31)

0.99 (0.66, 1.49)

0.90 (0.50, 1.67)

1.58 (1.10, 2.27)

1.48 (0.95, 2.28)

0.83 (0.56, 1.22)

1.00 (0.29, 3.44)

1.08 (0.82, 1.43)

0.83 (0.37, 1.84)

1.06 (0.59, 1.34)

0.83 (0.49, 1.41)

1.00 (0.66, 1.50)

1.09 (0.64, 1.85)

0.76 (0.37, 1.58)

1.81 (1.15, 2.85)

1.62 (0.95, 2.77)

0.96 (0.59, 1.58)

1.31 (0.28, 5.98)

1.24 (0.86, 1.76)

0.76 (0.26, 2.23)

Quartiles of SSB intake

P trend
~ 120 ml/day ≥120 ml/day

Prevalence

(%)

Crude OR

(95% CI)

Adjusted OR

(95% CI)

Prevalence

(%)

Crude OR

(95% CI)

Adjusted OR

(95% CI)

Obesity

Overweight

Abdominal obesity

Hypertension

Hypertriglyceridemia

Hypercholesterolemia

High LDL-C Levelb

Low HDL-C Level c

High FSG Leveld

Dyslipidemia

MetSe

9.3

10.7

21.7

8.3

4.8

13.0

7.2

11.6

2.7

28.5

1.9

1.19 (0.79, 1.79)

1.05 (0.73, 1.54)

1.19 (0.89, 1.59)

0.79 (0.53, 1.19)

1.60 (0.98, 2.59)

1.28 (0.89, 1.83)

1.04 (0.67, 1.64)

0.91 (0.63, 1.29)

2.75 (1.09, 6.95)

1.18 (0.91, 1.53)

0.68 (0.31, 1.53)

1.08 (0.61, 1.90)

1.25 (0.79, 1.99)

1.18 (0.81, 1.72)

0.81 (0.47, 1.38)

1.18 (0.63, 2.20)

1.42 (0.90, 2.24)

1.11 (0.63, 1.95)

0.80 (0.50, 1.28)

2.30 (0.65, 8.16)

1.20 (0.86, 1.68)

0.68 (0.25, 1.88)

11.6

14.8

25.5

11.1

7.3

9.5

7.0

13.9

1.4

26.4

3.6

1.51 (1.02, 2.27)

1.52 (1.06, 2.18)

1.50 (1.10, 1.95)

1.10 (0.75, 1.62)

1.71 (1.03, 2.84)

0.90 (0.60, 1.34)

1.02 (0.64, 1.62)

1.11 (0.79, 1.58)

1.37 (0.46, 4.13)

1.06 (0.81, 1.39)

1.36 (0.69, 2.68)

2.08 (1.21, 3.54)

1.56 (0.97, 2.52)

1.83 (1.25, 2.69)

1.19 (0.70, 2.02)

1.70 (1.02, 3.06)

1.04 (0.61, 1.79)

1.17 (0.63, 2.18)

0.88 (0.55, 1.42)

0.95 (0.20, 4.54)

0.98 (0.68, 1.42)

1.41 (0.59, 3.34)

0.024

0.033

0.006

0.975

0.045

0.746

0.870

0.631

0.190

0.465

0.564

aAdjusted OR have adjusted age, gender, physical activities, sedentary behavior and dietary information.
bLDL-C= low-density lipid protein cholesterol
cHDL-C=High-density lipid protein cholesterol.
dFSG=Fasting serum glucose
eMetS=Metabolic syndrome
Bold text: Significant OR was revealed at 0.05 level.



Sugar-Sweetened Beverages and Obesity

87

risks32, 33). The underlying mechanism might be that 
increased intake of fructose enhances TG synthesis by 
providing glycerol and acyl in fructose catabolism34). 
However, no significant associations were observed 
between SSBs consumption and hypertension, MetS, 
and impaired fasting glucose levels in this study as well 
as in previous studies conducted in children. It is 
unclear whether SSB consumption leads to the occur-
rence of these risk factors in childhood.

Although SSB consumption in Chinese children 
was quite lower than that in American children in the 
current study, it might increase in the future with 
rapid economic development. Excessive SSB con-
sumption would bring about serious health problems. 
Hence, preventive measures to reduce SSB consump-
tion in Chinese children should be carried out. 
Approaches to limited access to SSB and advertising 
of SSB was adopted in several countries, such as Aus-
tralia and Britain16, 35); however, there was a lack of 
valid policies in China. In this study, teachers’ and 
schools’ attitudes were strongly associated with SSB 
consumption of Chinese children. This could be 
explained by the fact that Chinese children spent most 
of their time at school and were largely influenced by 
the school, teacher, as well as their classmates. Conse-
quently, advices from teachers and schools would be a 
great help for lifestyle establishment in Chinese chil-
dren, apart from similar policies in other countries.

Several limitations in our study need to be men-
tioned. Firstly, because this was a cross-sectional study, 
the causal sequence underlying the relationships 
between iron metabolic parameters and dyslipidemia 
can hardly be detected. Secondly, the self-reported 
questionnaire were used to collect data on physical 
activities and dietary information of the previous week. 
Hence, the data might be affected by memory bias. 
However, using self-reported questionnaire to collect 
data is practical and eligible for application in a large 
population study among children. Also, given that the 
risk is affected by not only teachers’ and schools’ atti-
tudes but also parents’ attitudes, further study on the 
effect of parents’ attitude is required.

Conclusions

In conclusion, excessive SSB consumption is pos-
itively associated with higher risks of obesity (includ-
ing abdominal obesity) and hyper hypertriglyceride-
mia in children living in South China, which suggests 
that SSB consumption in children should be con-
trolled. Besides, because teachers’ and schools’ atti-
tudes may impact SSB consumption in Chinese chil-
dren, promoting healthy lifestyle in schools may be 
effective in reducing obesity and other cardiovascular 

sumption in children living in South China and observed 
that excessive SSB consumption greatly contributed to 
increased BMI, WC and TG levels, increased risk of 
obesity (including abdominal obesity), and hypertri-
glyceridemia in children aged between 7 and 18 years.

The per capita daily SSB consumption was 90.45 
±3.55 mL in this study. Compared with the data of 
other countries, daily SSB consumption was more than 
63 mL in 9 –14 years old Korean children, but much 
lower than 127 mL in 2 –16 years old Australian chil-
dren27). In addition, the current study suggested that 
65.3% Chinese children had at least one SSB serving 
per week, while only 9.5% had one or more SSB serv-
ings per day. Nevertheless, the data from 2009 and 
2010 reported that 64.3% youth had daily SSB con-
sumption in the United States, which was much higher 
than the consumption in Chinese children28). These 
findings revealed that the SSB consumption by chil-
dren was quite lower in Asian countries than in West-
ern countries, which can be partly explained by regional 
disparities in the dietary pattern.

The present study has shown that over 120 mL 
SSB consumption per day would contribute to ele-
vated values of BMI and WC. Besides, it was esti-
mated that over 120 mL of SSB consumption per day 
would lead to an increase in the risk of obesity and 
abdominal obesity by 1.8 and 1.6 times, respectively, 
in Chinese children, which suggests a positive rela-
tionship between excessive SSB consumption and the 
risk of obesity. This finding was similar to a previous 
study in American children15). Additionally, previous 
studies in Chinese children have demonstrated that 
high and regular SSB consumption was associated 
with higher prevalence of obesity29), which is consis-
tent with our findings. Because SSB are energy-dense 
foods with a low satiety and has an incomplete com-
pensation for energy intake, it leads to excessive energy 
intake and weight gain11).

Meanwhile, convincing evidences in adults also 
suggested that SSB consumption was associated with 
other cardiovascular risk factors, such as hyperten-
sion25), type 2 diabetes24), MetS26), elevated TG level, 
and decreased HDL-C level30), implying that excessive 
SSB consumption enhances the risk of cardio-meta-
bolic disorders. However, the conclusions were incon-
sistent in children and adolescents. In this study, the 
positive association between high SSB consumption 
and risk of hypertriglyceridemia was revealed. High 
SSB consumption was associated with an increased 
triglyceride and decreased HDL-C levels. These find-
ings are consistent with a previous study conducted in 
children31). Most studies supported that when fructose 
is added to SSB, it would have a detrimental effect on 
metabolism and thus, increases cardio-metabolic 
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