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Abstract: To examine whether reducing sugar-sweetened beverage (SSB) consumption is associated
with reduced body mass index z-score gain among Chinese schoolchildren in Nanjing, China, a
randomized controlled trial (RCT) was conducted in four selected primary schools from September
2019 to September 2020. Students in the third grade in the Intervention Group received school-based
and home-based interventions for two consecutive semesters to reduce SSB consumption, while two
schools in the Control Group did not receive any interventions. Weight changes were expressed
as body mass index (BMI) z-scores as standard deviations of the BMI distribution per age and sex
group. Changes in SSB consumption before and after the interventions were categorized into Level-
Up if it increased, Level-Same if it was maintained and Level-Down if it decreased. Multivariable
linear regression models were used to explore the association of different levels of changes in
SSB consumption pre- and post-intervention with the BMI z-score. Among 1633 participants who
completed the trial, the mean age at baseline was 9.36 years (±0.48 SD).The median baseline BMI
z-score was −0.24 (25th percentile −0.72; 75th percentile 0.58). After the intervention, the median
BMI z-score increased by 0.06 (−0.17~0.37) in the Intervention Group and by 0.14 (−0.08~0.41) in
the Control Group (p < 0.001). A higher increase in BMI was found in the Control Group than in the
Intervention Group (1.20 vs. 0.94) during the 12-month period. Among participants whose parents’
educational attainment was above 9 years, the median BMI z-score increased by 0.07 (−0.17~0.37)
in the Intervention Group and by 0.16 (−0.06~0.41) in the Control Group (p < 0.001). In a linear
regression analysis adjusted for potential confounders, the BMI z-score decreased by 0.057 more in
Level-Down than in Level-Up (95% CI: −0.103 to −0.012, p = 0.014). These results indicate that the
decreased consumption of SSBs might have reduced the prevalence of overweight in schoolchildren
in China, especially in students whose parents had high educational levels.

Keywords: sugar-sweetened beverages; body mass index; body mass index z-score; schoolchildren;
overweight; obesity; China

1. Introduction

During the past decades, childhood overweight and obesity have become major public
health concerns [1–8]. The prevalence of overweight and obesity among children and
adolescents aged 5–19 has risen dramatically, from just 4% in 1975 to just over 18% in
2016, with more than 340 million children and adolescents being overweight or obese, as
reported by the World Health Organization (WHO) [1]. From 1978 to 2016, the prevalence
of childhood obesity more than tripled, increasing from 5 percent to 18.5 percent, inchildren
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aged 2–19 years in the United States [5]. Similar trends in childhood overweight and obesity
were reported in European and Asian countries and the Mediterranean region [6–8].

In China, 19.0% of children aged 6–17 years were reportedly overweight or obese,
according to the Report on Chinese Residents’ Chronic Diseases and Nutrition (2020), com-
pared with 16.0% in 2015 [9,10]. In 2017, 17.8% of children aged 6–18 years were overweight,
and 13.8% were obese, as revealed in a cross-sectional survey among 32,005 students in
Jiangsu province in eastern China [11].

Overweight and obesity have adverse consequences in schoolchildren both physically,
such as breathing difficulties, an increased risk of fractures, hypertension, abnormal fasting
glucose, and early markers of cardiovascular diseases, and mentally, such as anxiety, tension,
and loneliness [1,12,13]. The occurrence of overweight and obesity has attracted much
attention because of its persistence into adulthood [3,4]. As a serious public health problem
among adults, overweight and obesity are known risk factors for many non-communicable
diseases [14].

WHO recognized that the fundamental cause of obesity and overweight is an energy
imbalance between calories consumed and calories expended [1]. Children’s unhealthy
weight gain is mainly associated with an increased intake of energy-dense foods that
are high in fat and sugars [15,16]. Dietary interventions are required to prevent excess
weight gain in childhood by limiting energy intake from foods high in sugars [17,18]. The
consumption of sugar-sweetened beverages (SSBs) has been associated with weight gain
and overweight in most observational studies, but not all studies [19,20]. SSBs are major
sources of calories because they are less satiating than solid food, so the consumption
of other foods is not reduced after consuming SSBs [21]. Possibly due to the different
dietary practices in Asia, SSB drinkers consumed more total energy and showed a higher
prevalence of obesity in Korean boys 7–12 years of age and Chinese children [22,23].

In recent years, SSB consumption among children has risen globally [8–10,17,23].The
China Nutrition and Health Survey (2010–2012) showed that 61.9% of children aged
6–17 years old drank SSBs at least once a week [10]. Over the past two decades, more
public health interventions have been implemented to reduce SSB consumption in chil-
dren [24–29]. There is an ongoing debate around whether there is sufficient scientific
evidence that the decreased consumption of SSBs would reduce obesity. A randomized trial
by Ebbeling et al. noted that when replacing SSBs with noncaloric beverages, the increase in
BMI was smaller in the experimental group at the end of the first-year intervention period,
but not for the 2-year period [26]. The study by Sichieri et al. focused on reducing the
consumption of sugar-sweetened carbonated beverages by students aged 9–12 years and
found that BMI was only significantly reduced among overweight girls [27]. Cunha et al.
found that encouraging the adoption of healthy eating led to a reduction in SSBs but did
not lead to a reduction in BMI gains in Brazil [28].

In China, most studies examining the relationship between SSB consumption and body
weight are cross-sectional by design [15,30,31]. Despite studies in Brazil and other countries,
there is still inadequate evidence on whether reducing the consumption of SSBs can prevent
overweight and obesity among Chinese students to inform possible policy changes in China.
The main purpose of this study was to test the hypothesis that reducing SSB consumption
is associated with reduced body mass index z-score gain among schoolchildren in Nanjing,
the capital of Jiangsu province, China.

2. Materials and Methods
2.1. Study Subject Selection and Interventions

A randomized controlled trial (RCT) was conducted among Chinese schoolchildren in
four selected primary schools from September 2019 to September 2020 in Nanjing, eastern
China. The methods were described earlier in detail [32]. In summary, two schools in either
rural or urban strata were randomly assigned to the Intervention Group or the Control
Group. Students in the third grade of two schools in the Intervention Group received
interventions for two consecutive semesters to reduce SSB consumption, while two schools
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in the Control Group only received regular monitoring, as in the Intervention Group, but
without any interventions.

Students spend most of their weekdays in school, while parents are both role models
and key decision-makers for children’s food choices. The intervention measures were
therefore combined school-based and home-based interventions to reduce SSB consumption.
School-based interventions included health education courses, school environment support,
class environment support and a sugar-free school campaign. Home-based interventions
included health lectures, instant core messages, little hands holding big hands and student–
parent collaboration [32].

2.2. Data Collection and Outcome Measures

The same questionnaire was self-administrated by selected students at baseline (Septem-
ber 2019) and at the end of the intervention (September 2020), facilitated by a standard
PowerPoint slide set in each classroom. The study team, comprising local CDC staff, a
health care teacher and a class teacher, was trained by the principal investigator. The
questionnaire included demographic characteristics (date of birth, sex, the name of the
school, school grade and school class), parental information (parental education level,
height and weight), student activity level (weekly accumulated physical activity outside
school, daily cumulative homework time, screen time and sleep time), weekly frequency
of SSB consumption and average intake each time. The weekly frequency of SSB con-
sumption and average intake each time was based on the Food Frequency Questionnaire
(FFQ) from the China Nutrition and Chronic Disease Health Survey, which was used in a
previous study in China [31]. We conducted a validity test: Cronbach’s Alpha of parental
information = 0.759; Cronbach’s Alpha of student activity behavior = 0.69; Cronbach’s
Alpha of SSBs consumption = 0.706; Kaiser–Meyer–Olkin = 0.88; and P Bartlett < 0.001.

Parental information (education level, weight and height) was self-reportedwhen ob-
taining their informed consent. Children’s weights and heightswere measured by trained
nurses at the Community Healthcare Centers at baseline and at the end of the intervention
using electronic body scales and mechanical anthropometry stadiometers (Bengbu Equip-
ment; Bengbu, China). Both instruments were calibrated on a regular basis according to the
standard protocol, and measurements were to the nearest 0.1 cm or kg, respectively.

2.3. Categorization of Children into Different Levels of Changes in SSB Consumption

Broad beverage categories were used, categorized based on nutrient content and on
China’s Beverage General Rule (GB10789-2008). The consumption of SSBs was measured
on a seven-day frequency scale, using the question ‘How many times and how much on
average each time did you drink carbonated beverages in past week, commonly available in
the market?’. The amount of SSB consumption was calculated when any of the 8 categories
of SSB consumption was reported. The total amount of SSB consumption was calculated by
multiplying the frequency of intake by the average amount consumed each time. According
to changes in SSB consumption before and after the SSB intervention, the consumption of
SSBs was categorized into the Level-Up Group if it increased after the intervention, the
Level-Same Group if it remained unchanged and the Level-Down Group if it decreased.

2.4. Data Management and Statistical Analysis

Self-reported parents’ and measured children’s heights and weights were used to
calculate body mass index (BMI) using the formula: BMI = weight (kg)/height (m)2.
Because the standard deviation (SD) of children’s BMI increases with age, children’s BMIs
were converted to BMI z-scores, derived from the Chinese National Survey on Students
Constitution and Health in 2014, with both age and sex accounted for [33].

All statistical analyses were performed using the statistical software package IBM SPSS
Statistics Version 20.0 (SPSS Inc., Chicago, IL, USA). Qualitative variables are described
in absolute frequencies and percentages. Quantitative variables conforming to a normal
distribution are described as means and SDs. Medians, together with the 25th and 75th



Nutrients 2022, 14, 4088 4 of 12

percentiles, were used for those not conforming to a normal distribution. Pearson’s chi-
square test was used to compare categorical variables. The independent t-test was used
to compare normally distributed continuous variables, while the Mann–Whitney test
was used to compare abnormally distributed continuous variables. Multivariable linear
regression models were used to explore the association of changes in SSB consumption
during the intervention period with the BMI z-score. In the analyses, potential confounders
were added to the crude model (Model 1) in three steps. Model 2 was adjusted for child
factors (age and gender); Model 3 was further adjusted for parental lifestyle factors (area,
parental education level, father’s BMI and mother’s BMI; Model 4 was further adjusted
for differences in children’s individual behaviors, including physical activity time outside
school, homework time, screen time and sleep time. A p value below 0.05 was considered
statistically significant.

3. Results
3.1. Demographic and Clinical Characteristics

At baseline, out of 1633 participants, 874 (53.58%) were boys and 758 (46.42%) were
girls, with a mean age of 9.36 years (±0.48 SD). The percentage of participants living in
rural areas (n = 891, 54.56%) was slightly higher than that of those living in urban areas
(n = 742, 45.44%). Two-thirds (66.81%) of parents had more than nine years of education.
At baseline, the mean height, weight and BMI of students were 134.15 (±6.60 SD), 31.19
(±7.25 SD) and 17.16 (±2.93 SD), respectively. The median baseline BMI z-score was −0.24
(25th percentile −0.72; 75th percentile 0.58). There were no significant differences in mean
age, sex, parents’ educational attainment, parents’ BMI, physical activity time outside
school, homework time, screen time, anthropometric measures (height and weight), BMI
z-score or SSB consumption at baseline between students in the two groups. Students in
the Intervention Group were more likely to spend more time sleeping than those in the
Control Group (Table 1).

Table 1. Demographic characteristics of subjects at baseline.

Characteristics Total Intervention
Group (n = 887)

Control
Group (n = 746) p Value

Sex
Male(n/%) 875/53.58 480/54.11 395/52.95 χ2 = 0.221, p = 0.654 e

Female(n/%) 758/46.42 407/45.89 351/47.05
Age (years) 9.36 ± 0.48 9.34 ± 0.48 9.38 ± 0.49 t = −1.752, p = 0.080 f

Area
Rural(n/%) 891/54.56 516/58.17 375/50.27 χ2 = 10.215, p = 0.001 e

Urban(n/%) 742/45.44 371/41.83 371/49.73
Parental education level

≤9 years(n/%) 542/33.19 298/33.60 244/32.71 χ2 = 0.895, p = 0.629 e

>9 years(n/%) 1091/66.81 589/66.40 502/67.29
Father’s BMI b (kg/cm2) a 24.65 ± 3.36 24.76 ± 3.61 24.51 ± 3.42 t = 1.470, p = 0.142 f

Mother’s BMI (kg/cm2) a 21.83 ± 3.21 21.92 ± 3.42 21.72 ± 2.93 t = 1.280, p = 0.142 f

Physical activity time outside
school (minutes/week) a 217.33 ± 221.92 221.74 ± 229.42 212.07 ± 212.66 t = 0.876, p = 0.381 f

Homework time(minutes/day) a 116.26 ± 63.15 115.14 ± 64.67 117.60 ± 61.31 t = −0.785, p = 0.432 f

Screen time (minutes/day) a 30.19 ± 50.69 28.43 ± 45.44 32.30 ± 56.28 t = −1.533, p = 0.126 f

Sleep time(hours/day) a 9.15 ± 1.07 9.23 ± 1.02 9.06 ± 1.13 t = 3.259, p = 0.001 f

High (cm) a 134.15 ± 6.60 133.96 ± 6.56 134.37 ± 6.66 t = −1.236, p = 0.217 f

Weight (kg) a 31.19 ± 7.25 30.98 ± 7.33 31.43 ± 7.16 t = −1.224, p = 0.221 f

BMI (kg/m2) a 17.16 ± 2.93 17.11 ± 2.96 17.23 ± 2.89 t = −0.851, p = 0.395 f

BMI z-score c −0.24(−0.72,0.58) −0.24(−0.75,0.57) −0.22(−0.67,0.59) z = −1.001, p = 0.317 g

SSB d consumption (ml/week) c 750.00
(250.00,1750.00)

750.00
(250.00,1750.00)

750.00
(250.00,1750.00) z = −1.276, p = 0.202 g

a Mean ± SD; b BMI = body mass index; c median (25th percentile; 75th percentile); d SSBs = sugar-sweetened
beverages; e chi-square test; f t-test; g Mann–Whitney test.
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3.2. Changes in BMI z-Score

Table 2 describes the changes in the BMI z-score, height, weight and BMI between
the Intervention and Control Groups among 1633 primary school students from baseline
to the end of the study. The median BMI z-score increased by 0.06 (−0.17~0.37) in the
Intervention Group and by 0.14 (−0.08~0.41) in the Control Group (p < 0.001).

The median BMI z-score increased by 0.07 (−0.17~0.37) in the Intervention Group and
by 0.16 (−0.06~0.41) in the Control Group (p < 0.001) when parents’ educational attainment
was above 9 years. The median BMI z-score increased by 0.05 (−0.18~0.35) and by 0.11
(−0.11~0.41) in the Intervention Group and the Control Group, respectively, when parents’
educational attainment was ≤9 years or below, with no significant difference (p = 0.103).

3.3. Changes in BMI Z-Score with Different Levels of Changes in SSB Consumption

Table 3 presents the differences in changes in BMI z-scores before and after the in-
tervention between the Control Group and Intervention Group, with different levels of
changes in SSB consumption. In Level-Down, the median BMI z-score increased by 0.03
(−0.18~0.33) in the Intervention Group and by 0.14 (−0.08~0.40) in the Control Group
(p = 0.001). In Level-Same, the median BMI z-score increased by 0.04 (−0.24~0.30) in the
Intervention Group and by 0.17 (−0.10~0.52) in the Control Group (p = 0.044), while in
Level-Up, the median BMI z-score increased by 0.10 (−0.15~0.41) in the Intervention Group
and by 0.15 (−0.07~0.42) in the Control Group (p = 0.178). When comparing the differences
in changes in BMI z-scores for different levels of changes in SSB consumption before and af-
ter the intervention, the median BMI z-score increased by 0.09 (−0.14~0.37) in Level-Down
and by 0.13 (−0.10~0.41) in Level-Up, with a median difference of 0.04 (p = 0.049).

3.4. Differences in Changes in BMI Z-Score with Different Behaviors of SSB Intake

In a linear regression analysis adjusted for potential confounders, the BMI z-score
among 1633 primary school students decreased by 0.057 more in Level-Down than in
Level-Up (95% CI: −0.103 to −0.012, p = 0.014) (Table 4).
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Table 2. Changes in BMI z-score, height, weight and BMI between two groups among 1633 primary school students during the study in Nanjing City, China.

Outcome
Intervention Group (n = 887) Control Group (n = 746) Difference in Change from

Baseline
(95% CI)

p Value for
Difference0 mo 12 mo Change 0 mo 12 mo Change

All children who completed study (n = 1633)
BMI a z-score c −0.24 (−0.75~0.57) −0.10 (−0.70~0.76) 0.06 (−0.17~0.37) −0.22 (−0.67~0.59) 0.02 (−0.64~0.86) 0.14 (−0.08~0.41) −0.08 (−0.12~−0.04) z = −4.130, p < 0.001
Height (cm) b 133.97 ± 6.51 141.76 ± 6.44 7.79 ± 3.62 134.47 ± 6.58 141.30 ± 6.64 6.82 ± 2.19 0.97 (0.67~1.26) t = 6.365, p < 0.001
Weight (kg) b 30.98 ± 7.33 36.56 ± 8.68 5.58 ± 3.06 31.41 ± 7.14 37.12 ± 8.89 5.71 ± 2.90 −0.13 (−0.4 3~0.16) t = −0.913, p = 0.361

BMI (kg/m2) b 17.11 ± 2.96 18.05 ± 3.34 0.94 ± 1.40 17.23 ± 2.89 18.42 ± 3.34 1.20 ± 1.27 −0.26 (−0.38~−0.12) t= −3.815, p < 0.001

Parental education level ≤ 9 years(n = 542)
BMI z-score c −0.33 (−0.82~0.52) −0.21 (−0.73~0.70) 0.05 (−0.18~0.35) −0.27 (−0.61~0.60) 0.04 (−0.62~0.85) 0.11 (−0.11~0.41) −0.06 (−0.14~−0.01) z = −1.629, p = 0.103
Height (cm) b 132.95 ± 6.30 141.22 ± 6.06 8.27 ± 3.69 133.08 ± 6.09 140.20 ± 6.32 7.13 ± 2.43 1.14 (0.60~1.68) t = 4.142, p < 0.001
Weight (kg) b 30.24 ± 7.40 35.86 ± 8.56 5.62 ± 2.91 30.73 ± 6.71 36.38 ± 8.69 5.64 ± 3.17 −0.02 (−0.54~0.49) t = −0.091, p = 0.928

BMI (kg/m2) b 16.94 ± 3.03 17.84 ± 3.30 0.89 ± 1.34 17.23 ± 2.86 18.35 ± 3.41 1.12 ± 1.40 −0.23 (−0.46~0.00) t = −1.942, p = 0.053

Parental education level > 9 years(n = 1091)
BMI z-score c −0.18 (−0.72~0.66) −0.04 (−0.69~0.82) 0.07 (−0.17~0.37) −0.18 (−0.71~0.57) 0.06 (−0.65~0.86) 0.16 (−0.06~0.41) −0.09 (−0.14~−0.03) z = −3.892, p < 0.001
Height (cm) b 134.49 ± 6.56 142.04 ± 6.61 7.55 ± 3.56 135.15 ± 6.70 141.83 ± 6.73 6.68 ± 2.05 0.87 (0.52~1.22) t = 4.834, p < 0.001
Weight (kg) b 31.36 ± 7.27 36.92 ± 8.73 5.55 ± 3.13 31.74 ± 7.33 37.49 ± 8.97 5.74 ± 2.76 −0.19 (−0.54~0.16) t = −1.058, p = 0.290

BMI (kg/m2) b 17.19 ± 2.93 18.15 ± 3.36 0.97 ± 1.42 17.23 ± 2.91 18.46 ± 3.31 1.23 ± 1.20 −0.26 (−0.42~−0.11) t = −3.289, p = 0.001

a BMI = body mass index; b mean ± SD; c median (25th percentile, 75th percentile).
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Table 3. Differences in changes inBMI z-scores before and after intervention between the Control
Group and the Intervention Group with different levels of changes in SSB consumption.

Behavior of SSB
Consumption

Number
(n/%)

BMI Z-Score a

t p Value for
DifferenceBefore the

Intervention
After the

Intervention Change b

Level-Up c

Control Group 346/55.90 −0.30 (−0.70,0.59) −0.06 (−0.65,0.86) 0.15 (−0.07,0.42) −1.348 0.178
Intervention Group 273/44.10 −0.37 (−0.83,0.48) −0.19 (−0.72,0.70) 0.10 (−0.15,0.41)

Level-Same d

Control Group 56/30.94 −0.15 (−0.65,0.69) 0.16 (−0.61,0.79) 0.17 (−0.10,0.52) −2.016 0.044
Intervention Group 125/69.06 −0.21 (−0.80,0.75) −0.12 (−0.69,0.90) 0.04 (−0.24,0.30)

Level-Down e

Control Group 344/41.30 −0.15 (−0.64, 0.56) −0.05 (−0.63,0.86) 0.14 (−0.08, 0.40) −3.217 0.001
Intervention Group 489/58.70 −0.19 (−0.67,0.62) −0.04 (−0.68,0.76) 0.03 (−0.18,0.33)

Total
Level-Up 619/37.91 −0.34 (−0.78, 0.53) −0.12 (−0.69,0.81) 0.13 (−0.10,0.41) 6.021 0.049

Level-Same 181/11.08 −0.18 (−0.78,0.74) −0.02 (−0.66,0.82) 0.06 (−0.17,0.38)
Level-Down 833/51.01 −0.17 (−0.67,0.57) 0.01 (−0.67,0.80) 0.09 (−0.14,0.37)

a Median (25th percentile, 75th percentile); b change = change in BMI z-score, after intervention–before intervention;
according to changes in SSB consumption before and after the SSB intervention; c Level-Up: the consumption of
SSBs increased after the intervention; d Level-Same: the consumption of SSBs was unchanged; e Level-Down: the
consumption of SSBs wasreduced.

Table 4. Linear regression model of the association of difference in changes in BMI z-score with
different behaviors of SSB intake (n = 1633).

Model Levels of Changes in SSB
Consumption β 95% CI p Value

1 a Level-Up 1
Level-Same −0.043 −0.115, 0.028 0.236
Level-Down −0.046 −0.091, −0.001 0.044

2 b Level-Up
Level-Same −0.036 −0.108, 0.035 0.381
Level-Down −0.048 −0.092, −0.003 0.037

3 c Level-Up
Level-Same −0.027 −0.100, 0.045 0.461
Level-Down −0.055 −0.100, −0.010 0.018

4 d Level-Up
Level-Same −0.028 −0.100, 0.045 0.481
Level-Down −0.057 −0.103, −0.012 0.014

Values of β and 95% confidence intervals (CIs) are from linear regression analyses, with the levels of changes in
SSB consumption in the Level-Up Group as the reference. a Model 1: Level of SSB consumption; b Model 2: Model
1 + age and gender; c Model 3: Model 2 + area, parental education level, father’s BMI and mother’s BMI; d Model
4: Model 3 + physical activity time outside school, homework time, screen time and sleep time.

4. Discussion

Our study found that the reduced consumption of SSBs is associated with lower BMI
z-score gain in Chinese schoolchildren aged 9–10 years. To our best knowledge, this is the
first trial to examine the effects of reducing the consumption of SSBs on BMI z-score gain
among Chinese schoolchildren [3,15,17,30,31,34].

BMI, calculated from weight and height, is often used as a surrogate for adiposity. As
schoolchildren undergosignificant changes in height and weight for physiological reasons,
the BMI z-score, instead of absolute BMI, was used as an indirect age- and sex-specific
measure. A positive change in the BMI z-score during the trial indicates an increase in
relative BMI over the time interval. In our study, the Control Group had a significantly
greater increase in the median BMI z-score (0.14) as compared to that in the Intervention
Group (0.06), although BMI z-scores increased in both groups. The level of the change in
SSB consumption before and after the intervention was associated with the change in the
BMI z-score. In the Level-Down Group, the BMI z-score decreased by 0.057 more than that
in the Level-Up Group.
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The reduction in children’s BMI z-score gain in the present study was associated with
the parents’ educational level. The higher the parental educational levels, the lower the
increase in children’s BMI z-scores in the Intervention Group. Parental involvement has
been widely recognized as a vital strategy for improving children’s physical health, behavior
and mental development in general [35,36]. Most of the main meals for Chinese students
are in the evening with their parents. This emphasizes that home-based intervention
may play an important role in achieving a reduction in excess weight gain or overweight
development in schoolchildren [37–40]. In our study, parents’ knowledge was increased
through health lectures for parents and regular instant messages through WeChat or QQ
in home-based interventions. The family beverage-drinking environment was improved
in the Intervention Group, such as parents restricting their children from drinking SSBs
and reducing the stock of SSBs at home [32]. Previous intervention studies have indicated
that educating parents could potentially increase parental health behaviors and improve
parental efficacy, with especially greater effects among parents with higher education
levels [38,41,42]. This was further supported by a study revealing that parents who had
higher levels of risk perception and parental efficacy were more likely to positively improve
children’s health behaviors [37]. The findings suggest that differentiated interventions for
parents with different levels of education could be considered in the future [42].

Our data showed that the difference in weight gain was minimal and insignificant,
with an approximately 0.13 kg difference in weight gain between the two study groups.
Students in the Intervention Group grew approximately 0.97 cm taller than those in the
Control Group. Therefore, this led to a more pronounced reduction in BMI z-score gain in
Intervention Group children. This is not entirely consistent with previous studies. Previous
studies by Ruyter et al. and Ebbeling et al. reported that after an intervention designed
to decrease the consumption of SSBs, the intervention group had significant reductions in
weight gain (−1.01 kg and −1.9 kg, respectively) compared to the control group [24,26].
However, the difference in height gain was minimal between the two groups. SSBs not only
contain high amounts of added sugars but also are associated with unhealthy food patterns
or eating behaviors [43]. A previous study by Keller et al. suggested that increased SSB
intake is associated with reduced milk and calcium intake [44]. Lee et al. reported that SSB
intake was inversely associated with milk, fruit and vegetable intake in Korean children and
adolescents [22]. It may be arguably true that the Intervention Group’s limitation of SSB
consumption may have helped increase milk and dairy consumption, which is positively
associated with height in adolescents [45,46]. This suggests that further research should
examine the effect of a longer intervention or a delayed post-intervention assessment of
reductions in SSB consumption on student height.

After adjusting for potential confounders, the level of changes in SSB consumption
pre- and post-intervention was clearly associated with changes in the BMI z-score. In the
Level-Down Group, the BMI z-score decreased by 0.057 more than that in the Level-Up
Group. The findings suggest that the smaller increase in the BMI z-score might be asso-
ciated with the reduced consumption of SSBs. Our findings are consistent with recent
reviews reporting that reducing the consumption of SSBs reduced weight gain and obesity
in schoolchildren [18,24,25]. The excess intake of free sugars (all sugars added to foods)
is a key contributor to unhealthy weight gain [17]. Ruyter et al. indicated that the re-
duced ingestion of liquid sugars might also reduce the insulin spike and thus diminish
hunger [24]. The removal of liquid sugar was not sensed by satiating mechanisms and
was incompletely compensated for by the increased consumption of other foods [24,25,34].
Therefore, reducing SSB sugar intake could prevent excess weight gain in childhood by
limiting excess energy intake.

Our findings are consistent with previous research by Ruyter et al. and Katan et al.
in an 18-month double-blind, randomized controlled trial involving 641 primary school
children from 4 to 11 years of age in the United States. The replacement of one 250 mL drink
per day with a sugar-free beverage significantly reduced weight gain and fat accumulation,
which may benefit a large proportion of children [24,25].However, some analyses of RCTs
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conducted encouraging the adoption of healthy eating promoted a reduction in SSBs
but did not lead to a BMI reduction. A previous study by Cunha et al. delivered nine
nutritional education sessions by trained nutritionists in Brazil. The 9-month intervention
led to significant variation in the daily frequency of consumption of SSBs among students
aged 11 years but did not result in a reduction in BMI gain. However, the two groups were
not well matched at baseline, with a higher prevalence of being overweight and obese and
a slightly higher intake of SSBs among participants in the control group [28]. Previous
studies identified that the intake of free sugars or SSBs is a determinant of body weight.
When considering the rapid weight gain that occurs after an increased intake of sugars, it
seems reasonable to conclude that advice relating to sugar intake is a relevant component
of a strategy to reduce the high risk of overweight and obesity in most countries [47,48].

Our study has several limitations. First, this study selected four primary schools,
which may not represent all primary schools in Nanjing. Second, we did not collect the
total food intake of the students and could not assess actual dietary intakes of total energy
and food components. It is possible that associations between SSBs and BMI were partly
confounded by other aspects of the diet, such as the intake of other categories of energy-
dense foods. Furthermore, we could not assess the relationship between SSB consumption
and dairy consumption [49]. Third, we collected physical activity time outside of the school
but not inside the school. This makes it impossible to assess total physical activity time
as a confounder. Fourth, the long-term effects of the intervention could not be assessed.
Fifth, parental body weight and height were self-reported, which is prone to reporting
and/or recall biases. Finally, we did not statistically adjust for clustering, which may
lead to an inevitable potential for bias in allocation at the school level. Despite all of the
above-mentioned limitations, this study included a large sample size and achieved a high
follow-up rate over a period of 12 months. The use of the BMI z-score has been considered
preferable to the use of absolute BMI [50], and many studies reported their results in terms
of changes in z-scores [49,51]. The trial provides important learning for consideration in
the design of future weight control interventions and provides important information for
policy makers and educators responsible for promoting healthy weight in Chinese students.

5. Conclusions

In conclusion, the results of our study show that the decreased consumption of SSBs
might be associated with the reduced prevalence of overweight in schoolchildren in China,
especially in students whose parents have high educational levels. The design for com-
bined school-based and home-based interventions for reducing SSB consumption may
be applicable for overweight interventions in schoolchildren in the future. To achieve
long-term benefits, the intervention needs to be translated into sustained healthy behaviors
over time. Future studies should examine whether a longer intervention or delayed post-
intervention assessment would lead to the same level of reduction in body weight gain
among schoolchildren.

Author Contributions: Conceptualization, C.W. and J.Z.; methodology, C.W., Y.C. and J.Z.; investi-
gation and resources, X.H. and N.Z.; data curation and analysis, C.W., Y.C., H.Z., H.X., W.W. and
J.Z.; writing, review and/or revision of the manuscript, C.W., Y.C., N.Z. and J.Z.; administrative and
technical support, N.Z. and J.Z.; study supervision, X.H. and N.Z. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was supported by the Jiangsu Preventive Medicine Association of Jiangsu
Provincial Health Commission (Y2018007) and the Nanjing Municipal Health Science and Technology
Development Special Fund of Nanjing Municipal Health Commission (YKK21174).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. The study protocol was ethically cleared by the Academic and Ethical Committee of
Nanjing Municipal Center for Disease Control and Prevention (approval no. 2019-002) and registered
at the Chinese Clinical Trial Registry(test registration no. ChiCTR2000033945).



Nutrients 2022, 14, 4088 10 of 12

Informed Consent Statement: Informed consent was obtained from all parents/caregivers of all
students involved in the study.

Data Availability Statement: The data presented in this study are available from the corresponding
authors on reasonable request.

Acknowledgments: The authors would like to thank all study students for their voluntary participa-
tion, as well as the staff of the local CDCs of Lishui and Jiangning Districts for their assistance in the
field investigation.

Conflicts of Interest: The authors declare that there is no conflict of interest.

References
1. GBD 2015 Obesity Collaborators; Afshin, A.; Forouzanfar, M.H.; Reitsma, M.B.; Sur, P.; Estep, K.; Lee, A.; Marczak, L.; Mokdad,

A.H.; Moradi-Lakeh, M.; et al. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N. Engl. J. Med. 2017,
377, 13–27. [CrossRef] [PubMed]

2. Rouse, H.; Goudie, A.; Rettiganti, M.; Leath, K.; Riser, Q.; Thompson, J. Prevalence, Patterns, and Predictors: A Statewide
Longitudinal Study of Childhood Obesity. J. Sch. Health. 2019, 89, 237–245. [CrossRef] [PubMed]

3. Pan, X.F.; Wang, L.; Pan, A. Epidemiology and determinants of obesity in China. Lancet Diabetes Endocrinol. 2021, 9, 373–392.
[CrossRef]

4. Yang, L.; Xi, B. Childhood obesity and early target organ damage. Chin. J. Prev. Med. 2019, 53, 731–736. [CrossRef]
5. Hales, C.M.; Fryar, C.D.; Carroll, M.D.; Freedman, D.S.; Ogden, C.L. Trends in Obesity and Severe Obesity Prevalence in US

Youth and Adults by Sex and Age, 2007–2008 to 2015–2016. JAMA 2018, 319, 1723–1725. [CrossRef]
6. Garrido-Miguel, M.; Cavero-Redondo, I.; Álvarez-Bueno, C.; Rodríguez-Artalejo, F.; Moreno, L.A.; Ruiz, J.R.; Ahrens, W.;

Martínez-Vizcaíno, V. Prevalence and Trends of Overweight and Obesity in European Children From 1999 to 2016: A Systematic
Review and Meta-analysis. JAMA Pediatr. 2019, 173, e192430. [CrossRef]

7. Pearce, M.; Webb-Phillips, S.; Bray, I. Changes in objectively measured BMI in children aged 4–11 years: Data from the National
Child Measurement Programme. J. Public. Health 2016, 38, 459–466. [CrossRef]

8. Institute for Public Health (IPH). National Health and Morbidity Survey (NHMS) 2019: Vol. I: NCDs—Non-Communicable
Diseases: Risk Factors and Other Health Problems. Available online: http://www.iku.gov.my/images/IKU/Document/
REPORT/NHMS2019/Report_NHMS2019-NCD_v2.pdf (accessed on 19 July 2022).

9. National Health Commission of the People’s Republic of China. Report on Nutrition and Chronic Diseases of Chinese Residents;
People’s Medical Publishing House: Beijing, China, 2020; pp. 18–20.

10. China National Health and Family Planning Commission. Report on Nutrition and Chronic Diseases of Chinese Residents; People’s
Medical Publishing House: Beijing, China, 2015; pp. 11–15.

11. Zhang, J.; Zhang, J.; Yang, J.; Wang, Y.; Zhang, Y.; Zhang, F. Status and influencing factors of overweight and obesity among
children and adolescents in Jiangsu province. Chin. J. Sch. Health 2019, 40, 778–780. Available online: https://www.cnki.com.cn/
Article/CJFDTOTAL-XIWS201905042.htm (accessed on 28 May 2022). [CrossRef]

12. Wang, H.J.; Fu, L.G.; Ma, J.; Song, Y.; Hu, P.J.; Zhang, B. Relationship between obesity, overweight and physical function
in students of Han nationality aged 7–18 years in 2010. Chin. J. Prev. Med. 2012, 46, 796–801. Available online: https:
//kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDZHYX&filename=ZHYF201209010&unip (accessed on 28
May 2022).

13. Kumar, S.; Kelly, A.S. Review of Childhood Obesity: From Epidemiology, Etiology, and Comorbidities to Clinical Assessment and
Treatment. Mayo. Clin. Proc. 2017, 92, 251–265. [CrossRef]

14. Piché, M.E.; Tchernof, A.; Després, J.P. Obesity Phenotypes, Diabetes, and Cardiovascular Diseases. Circ. Res. 2020, 126, 1477–1500.
[CrossRef]

15. Guo, Y.; Yin, X.; Sun, Y.; Zhang, T.; Li, M.; Zhang, F.; Liu, Y.; Xu, J.; Pei, D.; Huang, T. Research on Environmental Influencing
Factors of Overweight and Obesity in Children and Adolescents in China. Nutrients 2021, 14, 35. [CrossRef] [PubMed]

16. Carpena Lucas, P.J.; Sánchez-Cubo, F.; Vargas Vargas, M.; Mondéjar Jiménez, J. Influence of Lifestyle Habits in the Development
of Obesity during Adolescence. Int. J. Environ. Res. Public. Health 2022, 19, 4124. [CrossRef] [PubMed]

17. Yu, L.; Zhou, H.; Zheng, F.; Song, J.; Lu, Y.; Yu, X.; Zhao, C. Sugar Is the Key Cause of Overweight/Obesity in Sugar-Sweetened
Beverages (SSB). Front. Nutr. 2022, 9, 885704. [CrossRef] [PubMed]

18. Avery, A.; Bostock, L.; McCullough, F. A systematic review investigating interventions that can help reduce consumption of
sugar-sweetened beverages in children leading to changes in body fatness. J. Hum. Nutr. Diet. 2015, 28, 52–64. [CrossRef]

19. Trumbo, P.R.; Rivers, C.R. Systematic review of the evidence for an association between sugar-sweetened beverage consumption
and risk of obesity. Nutr. Rev. 2014, 72, 566–574. [CrossRef]

20. Hu, F.B. Resolved: There is sufficient scientific evidence that decreasing sugar-sweetened beverage consumption will reduce the
prevalence of obesity and obesity-related diseases. Obes. Rev. 2013, 14, 606–619. [CrossRef]

21. Pan, A.; Hu, F.B. Effects of carbohydrates on satiety: Differences between liquid and solid food. Curr. Opin. Clin. Nutr. Metab.
Care 2011, 14, 385–390. [CrossRef]

http://doi.org/10.1056/NEJMoa1614362
http://www.ncbi.nlm.nih.gov/pubmed/28604169
http://doi.org/10.1111/josh.12741
http://www.ncbi.nlm.nih.gov/pubmed/30740717
http://doi.org/10.1016/S2213-8587(21)00045-0
http://doi.org/10.3760/cma.j.issn.0253-9624.2019.07.014
http://doi.org/10.1001/jama.2018.3060
http://doi.org/10.1001/jamapediatrics.2019.2430
http://doi.org/10.1093/pubmed/fdv058
http://www.iku.gov.my/images/IKU/Document/REPORT/NHMS2019/Report_NHMS2019-NCD_v2.pdf
http://www.iku.gov.my/images/IKU/Document/REPORT/NHMS2019/Report_NHMS2019-NCD_v2.pdf
https://www.cnki.com.cn/Article/CJFDTOTAL-XIWS201905042.htm
https://www.cnki.com.cn/Article/CJFDTOTAL-XIWS201905042.htm
http://doi.org/10.16835/j.cnki.1000-9817.2019.05.038
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDZHYX&filename=ZHYF201209010&unip
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDZHYX&filename=ZHYF201209010&unip
http://doi.org/10.1016/j.mayocp.2016.09.017
http://doi.org/10.1161/CIRCRESAHA.120.316101
http://doi.org/10.3390/nu14010035
http://www.ncbi.nlm.nih.gov/pubmed/35010910
http://doi.org/10.3390/ijerph19074124
http://www.ncbi.nlm.nih.gov/pubmed/35409807
http://doi.org/10.3389/fnut.2022.885704
http://www.ncbi.nlm.nih.gov/pubmed/35836588
http://doi.org/10.1111/jhn.12267
http://doi.org/10.1111/nure.12128
http://doi.org/10.1111/obr.12040
http://doi.org/10.1097/MCO.0b013e328346df36


Nutrients 2022, 14, 4088 11 of 12

22. Lee, H.S.; Kwon, S.O.; Lee, Y. Weight Status and Dietary Factors Associated with Sugar-Sweetened Beverage Intake among
Korean Children and Adolescents—Korea National Health and Nutrition Examination Survey, 2008–2011. Clin. Nutr. Res. 2013, 2,
135–142. [CrossRef]

23. Shang, X.W.; Liu, A.L.; Zhang, Q.; Hu, X.Q.; Du, S.M.; Ma, J.; Xu, G.F.; Li, Y.; Guo, H.W.; Du, L.; et al. Report on childhood obesity
in China (9): Sugar-sweetened beverages consumption and obesity. Biomed. Environ. Sci. 2012, 25, 125–132. [CrossRef]

24. De Ruyter, J.C.; Olthof, M.R.; Seidell, J.C.; Katan, M.B. A trial of sugar-free or sugar-sweetened beverages and body weight in
children. N. Engl. J. Med. 2012, 367, 1397–1406. [CrossRef] [PubMed]

25. Katan, M.B.; de Ruyter, J.C.; Kuijper, L.D.; Chow, C.C.; Hall, K.D.; Olthof, M.R. Impact of Masked Replacement of Sugar-
Sweetened with Sugar-Free Beverages on Body Weight Increases with Initial BMI: Secondary Analysis of Data from an 18 Month
Double-Blind Trial in Children. PLoS ONE 2016, 11, e0159771. [CrossRef] [PubMed]

26. Ebbeling, C.B.; Feldman, H.A.; Chomitz, V.R.; Antonelli, T.A.; Gortmaker, S.L.; Osganian, S.K.; Ludwig, D.S. A randomized trial
of sugar-sweetened beverages and adolescent body weight. N. Engl. J. Med. 2012, 367, 1407–1416. [CrossRef] [PubMed]

27. Sichieri, R.; Paula Trotte, A.; de Souza, R.A.; Veiga, G.V. School randomised trial on prevention of excessive weight gain by
discouraging students from drinking sodas. Public Health Nutr. 2009, 12, 197–202. [CrossRef]

28. Cunha, D.B.; De Souza, B.; Pereira, R.A.; Sichieri, R. Effectiveness of a randomized school-based intervention involving families
and teachers to prevent excessive weight gain among adolescents in Brazil. PLoS ONE 2013, 8, e57498. [CrossRef]

29. Ooi, J.Y.; Wolfenden, L.; Yoong, S.L.; Janssen, L.M.; Reilly, K.; Nathan, N.; Sutherland, R. A trial of a six-month sugar-sweetened
beverage intervention in secondary schools from a socio-economically disadvantaged region in Australia. Aust. N. Z. J. Public
Health 2021, 45, 599–607. [CrossRef]

30. Gui, Z.H.; Zhu, Y.N.; Cai, L.; Sun, F.H.; Ma, Y.H.; Jing, J.; Chen, Y.J. Sugar-Sweetened Beverage Consumption and Risks of Obesity
and Hypertension in Chinese Children and Adolescents: A National Cross-Sectional Analysis. Nutrients 2017, 9, 1302. [CrossRef]

31. Yu, P.; Chen, Y.; Zhao, A.; Bai, Y.; Zheng, Y.; Zhao, W.; Zhang, Y. Consumption of sugar-sweetened beverages and its association
with overweight among young children from China. Public Health Nutr. 2016, 19, 2336–2346. [CrossRef]

32. Wang, C.; Hong, X.; Wang, W.; Zhou, H.; Wu, J.; Xu, H.; Zhou, N.; Zhao, J. The Combination of School-Based and Family-Based
Interventions Appears Effective in Reducing the Consumption of Sugar-Sweetened Beverages, a Randomized Controlled Trial
among Chinese Schoolchildren. Nutrients 2022, 14, 833. [CrossRef]

33. Ministry of Education of the People’s Republic of China; General Administration of Sport of China; China National Health and
Family Planning Commission. Report on the Physical Fitness and Health Surveillance of Chinese School Students; Higher Education
Press: Beijing, China, 2016; pp. 73–74.

34. Ma, Y.; He, F.; Yin, Y.; Hashem, K.M.; MacGregor, G.A. Gradual reduction of sugar in soft drinks without substitution as a strategy
to reduce overweight, obesity, and type 2 diabetes: A modelling study. Lancet Diabetes Endocrinol. 2016, 4, 105–114. [CrossRef]

35. Vinke, P.C.; Blijleven, K.A.; Luitjens, M.; Corpeleijn, E. Young Children’s Sugar-Sweetened Beverage Consumption and 5-Year
Change in BMI: Lessons Learned from the Timing of Consumption. Nutrients 2020, 12, 2486. [CrossRef] [PubMed]

36. Chang, F.C.; Chiu, C.H.; Chen, P.H.; Miao, N.F.; Chiang, J.T.; Chuang, H.Y. Computer/Mobile Device Screen Time of Children
and Their Eye Care Behavior: The Roles of Risk Perception and Parenting. Cyberpsychol. Behave. Soc. Netw. 2018, 21, 179–186.
[CrossRef] [PubMed]

37. Zahid, A.; Davey, C.; Reicks, M. Beverage Intake among Children: Associations with Parent and Home-Related Factors. Int. J.
Environ. Res. Public Health 2017, 14, 929. [CrossRef] [PubMed]

38. White, A.H.; James, S.A.; Paulson, S.W.; Beebe, L.A. Sugar Sweetened Beverage Consumption Among Adults With Children in
the Home. Front Nutr. 2018, 5, 34–41. [CrossRef] [PubMed]

39. Van de Gaar, V.M.; Van Grieken, A.; Jansen, W.; 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. [CrossRef] [PubMed]

40. Bogart, L.M.; Elliott, M.N.; Ober, A.J.; Klein, D.J.; Hawes-Dawson, J.; Cowgill, B.O.; Uyeda, K.; Schuster, M.A. Home Sweet Home:
Parent and Home Environmental Factors in Adolescent Consumption of Sugar-Sweetened Beverages. Acad. Pediatr. 2017, 17,
529–536. [CrossRef]

41. Fulkerson, J.A.; Friend, S.; Horning, M.; Flattum, C.; Draxten, M.; Neumark-Sztainer, D.; Gurvich, O.; Garwick, A.; Story, M.;
Kubik, M.Y. Family Home Food Environment and Nutrition-Related Parent and Child Personal and Behavioral Outcomes of the
Healthy Home Offerings via the Mealtime Environment (HOME) Plus Program: A Randomized Controlled Trial. J. Acad. Nutr.
Diet. 2018, 118, 240–251. [CrossRef]

42. Awadh, A.I.; Hassali, M.A.; Al-Lela, O.Q.; Bux, S.H.; Elkalmi, R.M.; Hadi, H. Does an educational intervention improve parents’
knowledge about immunization? Experience from Malaysia. BMC Pediatr. 2014, 14, 254. [CrossRef]

43. Duffey, K.J.; Popkin, B.M. Adults with healthier dietary patterns have healthier beverage patterns. J. Nutr. 2006, 136, 2901–2907.
[CrossRef]

44. Keller, K.L.; Kirzner, J.; Pietrobelli, A.; St-Onge, M.P.; Faith, M.S. Increased sweetened beverage intake is associated with reduced
milk and calcium intake in 3- to 7-year-old children at multi-item laboratory lunches. J. Am. Diet. Assoc. 2009, 109, 497–501.
[CrossRef]

45. Barba, G.; Troiano, E.; Russo, P.; Venezia, A.; Siani, A. Inverse association between body mass and frequency of milk consumption
in children. Br. J. Nut. 2005, 93, 15–19. [CrossRef] [PubMed]

http://doi.org/10.7762/cnr.2013.2.2.135
http://doi.org/10.3967/0895-3988.2012.02.001
http://doi.org/10.1056/NEJMoa1203034
http://www.ncbi.nlm.nih.gov/pubmed/22998340
http://doi.org/10.1371/journal.pone.0159771
http://www.ncbi.nlm.nih.gov/pubmed/27447721
http://doi.org/10.1056/NEJMoa1203388
http://www.ncbi.nlm.nih.gov/pubmed/22998339
http://doi.org/10.1017/S1368980008002644
http://doi.org/10.1371/journal.pone.0057498
http://doi.org/10.1111/1753-6405.13159
http://doi.org/10.3390/nu9121302
http://doi.org/10.1017/S1368980016001373
http://doi.org/10.3390/nu14040833
http://doi.org/10.1016/S2213-8587(15)00477-5
http://doi.org/10.3390/nu12082486
http://www.ncbi.nlm.nih.gov/pubmed/32824788
http://doi.org/10.1089/cyber.2017.0324
http://www.ncbi.nlm.nih.gov/pubmed/29293374
http://doi.org/10.3390/ijerph14080929
http://www.ncbi.nlm.nih.gov/pubmed/28820455
http://doi.org/10.3389/fnut.2018.00034
http://www.ncbi.nlm.nih.gov/pubmed/29780809
http://doi.org/10.1186/s12889-017-4095-0
http://www.ncbi.nlm.nih.gov/pubmed/28196498
http://doi.org/10.1016/j.acap.2017.01.015
http://doi.org/10.1016/j.jand.2017.04.006
http://doi.org/10.1186/1471-2431-14-254
http://doi.org/10.1093/jn/136.11.2901
http://doi.org/10.1016/j.jada.2008.11.030
http://doi.org/10.1079/BJN20041300
http://www.ncbi.nlm.nih.gov/pubmed/15705220


Nutrients 2022, 14, 4088 12 of 12

46. Dor, C.; Stark, A.H.; Dichtiar, R.; Keinan-Boker, L.; Shimony, T.; Sinai, T. Milk and dairy consumption is positively associated
with height in adolescents: Results from the Israeli National Youth Health and Nutrition Survey. Eur. J. Nutr. 2022, 61, 429–438.
[CrossRef] [PubMed]

47. Malik, V.S.; Hu, F.B. The role of sugar-sweetened beverages in the global epidemics of obesity and chronic diseases. Nat. Rev.
Endocrinol. 2022, 18, 205–218. [CrossRef] [PubMed]

48. Laverty, A.A.; Magee, L.; Monteiro, C.A.; Saxena, S.; Millett, C. Sugar and artificially sweetened beverage consumption and
adiposity changes: National longitudinal study. Int. J. Behav. Nutr. Phys. Act. 2015, 12, 137. [CrossRef] [PubMed]

49. Enes, C.C.; Slater, B. Variation in dietary intake and physical activity pattern as predictors of change in body mass index (BMI)
Z-score among Brazilian adolescents. Rev. Bras. Epidemiol. 2013, 16, 493–501. [CrossRef] [PubMed]

50. Inokuchi, M.; Matsuo, N.; Takayama, J.I.; Hasegawa, T. BMI z-score is the optimal measure of annual adiposity change in
elementary school children. Ann. Hum. Biol. 2011, 38, 747–751. [CrossRef]

51. Mears, R.; Salway, R.; Sharp, D.; Shield, J.; Jago, R. A longitudinal study investigating change in BMI z-score in primary
school-aged children and the association of child BMI z-score with parent BMI. BMC Public Health 2020, 20, 1902. [CrossRef]

http://doi.org/10.1007/s00394-021-02661-6
http://www.ncbi.nlm.nih.gov/pubmed/34406484
http://doi.org/10.1038/s41574-021-00627-6
http://www.ncbi.nlm.nih.gov/pubmed/35064240
http://doi.org/10.1186/s12966-015-0297-y
http://www.ncbi.nlm.nih.gov/pubmed/26503493
http://doi.org/10.1590/S1415-790X2013000200023
http://www.ncbi.nlm.nih.gov/pubmed/24142019
http://doi.org/10.3109/03014460.2011.620625
http://doi.org/10.1186/s12889-020-10001-2

	Introduction 
	Materials and Methods 
	Study Subject Selection and Interventions 
	Data Collection and Outcome Measures 
	Categorization of Children into Different Levels of Changes in SSB Consumption 
	Data Management and Statistical Analysis 

	Results 
	Demographic and Clinical Characteristics 
	Changes in BMI z-Score 
	Changes in BMI Z-Score with Different Levels of Changes in SSB Consumption 
	Differences in Changes in BMI Z-Score with Different Behaviors of SSB Intake 

	Discussion 
	Conclusions 
	References

