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Abstract

Background: A lack of adequate dietary knowledge may result in poor health. The purpose of this study was to
study the association between dietary knowledge and overweight/obesity in children and adolescents.

Method: Data from the China Health and Nutrition Survey (CHNS) 2004, 2006, 2009, 2011, and 2015 were used in this
cross-sectional study. The dietary knowledge of children and adolescents was evaluated by the questionnaire in the
database. The overweight and obesity status was evaluated by body mass index (BMI). Cluster analysis was performed
to establish different groups based on dietary knowledge level. Logistic regression analysis and subgroup analysis
were conducted.

Results: A total of 2,701 children and adolescents were finally selected. Cluster A (=837, 30.99%), Cluster B
(n=1,264,46.80%) and Cluster C (=600, 22.21%) were high, medium and low dietary knowledge level, respectively.
Participants with high dietary knowledge levels [OR=0.56 (95%Cl: 1.40-0.78)] may be negatively associated with
overweight and obesity. Similar results were found among adolescents, males, females, people living in eastern and
northeastern China, and rural areas, after adjusting for age, gender, geographic region, maternal education level, alco-
hol consumption, waist-to-hip ratio, systolic blood pressure and diastolic blood pressure.

Conclusion: Improving the dietary knowledge level of children and adolescents was associated with decreased risk
of overweight and obesity. Our study provided a theoretical basis for the relationship between dietary knowledge and
overweight/obesity in Chinese children and adolescents and suggested strengthening the publicity and populariza-
tion of dietary knowledge in schools and communities.
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Background

The incidence of overweight or obesity among children
and adolescents worldwide is rising rapidly [1]. Being
overweight or obese in children is related to multi-
ple risk factors for advanced heart disease and other
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consequences [4]. In view of the significant short-term
and long-term health and social consequences, pre-
venting childhood obesity is essential.

Family-based intervention projects have been car-
ried out in children to prevent overweight or obesity
in children or adolescents, with an emphasis on die-
tary knowledge [3, 5]. Dietary knowledge is one of the
important factors to choose a healthy and nutritious
diet [3]. Inappropriate dietary knowledge is one of the
main causes of nutrition problems and has a negative
impact on eating habits [6]. Personal dietary knowl-
edge can affect his food choices, which may also affect
his health [7]. The growth phase is a critical period to
establish healthy behavior patterns to avoid obesogenic
habits that may negatively affect future health. Par-
ents’ dietary knowledge is a well-known factor affect-
ing children’s diet, which is closely related to childhood
and adolescent obesity, especially early obesity, as the
current studies at home and abroad have shown [8,
9]. Previous studies explored the relationship between
children’s dietary knowledge and body mass index
(BMI). Some studies showed significant associations
between children’s dietary knowledge and BMI among
Polish children and adolescents and American children
[10, 11]. However, little is known about the association
between children’s dietary knowledge and overweight
or obesity among Chinses children and adolescents.
Dietary knowledge in children and adolescents is espe-
cially important given the issue of obesity in childhood
and adolescents, and obesity in childhood predicts obe-
sity in adulthood.
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Therefore, the aim of this study was to identify differ-
ent dietary knowledge levels and their association with
overweight and obesity among Chinese children and ado-
lescents. We also conducted subgroup analyses based on
age, gender, and region to study the association between
diet knowledge and overweight/obesity. The study from
the Chinese population may serve as a reference for
future research.

Methods

Study population

In this cross-sectional study, we used the data from the
China Health and Nutrition Survey (CHNS) 2004, 2006,
2009, 2011, and 2015. The database collected information
about the nutritional and health status of the Chinese
population, as well as demographic and socio-economic
data, and was established by the University of North
Carolina at Chapel Hill and the Chinese Center for Dis-
ease Control and Prevention. The sampling method was
a multi-stage randomized design in 15 provinces and
megacities in 2004, 2006, 2009, 2011, and 2015 CHNS
surveys.

Children and adolescents aged 8-18 (n=28266) were
extracted from a total of 68,693 CHNS surveys in 2004,
2006, 2009, 2011 and 2015. After excluding those with
missing height, weight characteristics (#=1,063), and
dietary knowledge information (#=4,502), a total of
2,701 subjects were involved in the final analysis. The
flow chart of the systematic selection process was shown
in Fig. 1. This study used de-identified and publicly-avail-
able datasets from the official CHNS website (https://

Total number of participants in
CHNS 2004, 2006, 2009, 2011
and 2015: n = 68,693

Children and adolescents:
n=38,266

——— —»{ Excluded older than 18 years: n = 60,427

Y

‘ Included in the analysis: n=2,701 ‘

|
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Excluded individuals with variables missing:
1. Weight and height data missing: n = 1,063
2. Diet knowledge data missing: n = 4,502

Non-overweight and

non-obesity: n = 2,408 n=293

Overweight and obesity:

Fig. 1 Flowchart of the systematic selection process
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www.cpc.unc.edu/projects/china). Hence, approval from
the Institutional Review Board of Wuxi Maternity and
Child Health Care Hospital was not required.

Overweight or obesity

Overweight or obesity was defined using age- and sex-
specific BMI cut-off points, which was from the Inter-
national Obesity TaskForce (IOTF) [12] (Supplementary
Table 1). BMI was used as a surrogate indicator of obesity
because it was widely used in clinical and epidemiologi-
cal classification of children’s weight status [13].

Dietary knowledge

Dietary knowledge consists of 17 questions to which the
responses were strongly disagree, somewhat disagree,
neutral, somewhat agree, or strongly agree. The ques-
tions are not asked about the participants’ actual habits,
but about their perception of dietary knowledge. The
description of Q1-Q17 and its code are shown in Table 1.

Potential covariates

Potential covariates including age, gender, geographic
region, type of household registration, maternal educa-
tion level, smoking, alcohol consumption, waist-to-hip
ratio, systolic blood pressure (SBP), and diastolic blood
pressure (DBP) were collected. Geographic regions were
divided into four regions, eastern China, central China,
western China and northeastern China. Eastern China
includes Beijing and Shanghai, Jiangsu, Shandong, and
Zhejiang provinces; central China includes the Henan,

Table 1 Dietary knowledge questions in the CHNS questionnaire
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Hubei and Hunan provinces; western China includes
Guizhou, Guangxi, Shanxi, and Yunnan provinces, and
Chongqing; northeastern China includes Liaoning and
Heilongjiang provinces. Urban and rural are the two
types of household registration. Maternal education level
was classified as below primary school, primary school,
middle school, high school, and above. Variables with sig-
nificant differences (P<0.05) in univariate analysis were
included as covariates in multivariate analysis.

Statistical analysis

Normally distributed measurement data were described
by mean=+standard deviation (SD), and a t-test was
used to compare between groups. Counting data were
described in terms of cases and the constituent ratio [n
(%)], and the chi-square test or Fisher’s exact probability
method was used for comparison between groups. Mul-
tiple imputations (R: mice) were performed on missing
data, and sensitivity analysis was performed on the dif-
ferences between the data before and after imputation. In
order to achieve the purpose of the study, firstly, the basic
characteristics of the study population were compared,
and the possible confounders related to overweight
or obesity in children and adolescents were explored
(P<0.05). Secondly, K-means cluster analysis was per-
formed on the dietary knowledge of the study population
[14]. The number of clusters identified was specified in
the first step and random initial seed and ten iterations
were used to further refine the preliminary solution by
optimizing the classification. The characteristics of the

No Questions Code
Q1 Choosing a diet with a lot of fresh fruits and vegetables is good for one’s health LOF
Q2 Eating a lot of sugar is good for one’s health LOS
Q3 Eating a variety of foods is good for one’s health VOF
Q4 Choosing a diet high in fat is good for one’s health DHIF
Q5 Choosing a diet with a lot of staple foods [rice and rice products and wheat and wheat products] is not good for one’s  LOSF
health
Q6 Consuming a lot of animal products daily (fish, poultry, eggs and lean meat) is good for one’s health LOAP
Q7 Reducing the amount of fatty meat and animal fat in the diet is good for one’s health AAM
Q8 Consuming milk and dairy products is good for one’s health MDP
Q9 Consuming beans and bean products is good for one’s health BBP
Q10 Physical activities are good for one’s health PA
Q11 Sweaty sports or other intense physical activities are not good for one’s health IPA
Q12 The heavier one’s body is, the healthier he or she is HB
Q13 Eating salty foods can cause hypertension ESF
Q14 Refined grains (rice and wheat flour) contain more vitamins and materials than unrefined grains RG
Q15 Lard is healthier than vegetable oils LA
Q16 Vegetables contain more starch than staple foods (rice or wheat flour) VE
Q17 Eggs and milk are the important sources of high-quality protein EAM
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participants in groups with different levels of dietary
knowledge were shown. Thirdly, the selected confound-
ers (age, gender, geographic region, maternal education
level, alcohol consumption, waist-to-hip ratio, SBP, and
DBP) were included as covariates and the multivariate
logistic regression analysis was used to explore the asso-
ciation between dietary knowledge level and overweight
and obesity. Finally, a subgroup analysis was conducted
based on age [children (8—12 years old), and adolescents
(13-18 years old)], gender (males and females), geo-
graphic region (eastern China, western China, central
China, and northeastern China) and residential areas
(urban and rural). The age division of children and ado-
lescents in China is mainly based on primary and second-
ary schools, which are divided into five grades (grades
1-6 with students aged 6—12) and three grades (grades
7-9 with students aged 13—-16), respectively. In our study
population, children were classified as 8—12 years old,
and adolescents as 13—18 years old.

All statistical tests used two-sided tests, P<0.05 was
a statistically significant difference in the test. The

Page 4 of 11

statistical analysis was completed using SAS v. 9.4 (SAS
Institute, Cary, North Carolina) and R v. 4.20 (R Founda-
tion for Statistical Computing, Vienna, Austria).

Results

Characteristics of the study population
Socio-demographic information was presented in
Table 2. Among 2,701 participants, 1,425 (52.76%) were
males and 1,276 (47.24%) were females. The mean age was
14.63 1= 1.96 years. The proportion of participants in east-
ern China, central China, western China, and northeast-
ern China was 631 (23.36%), 712 (26.36%), 795 (29.43%)
and 563 (20.84%), respectively. Most participants were
in the rural area (62.87%). Among the maternal educa-
tion level, 1,077 (39.87%) participants were middle school
graduates, and 72 (26.77%) were high school graduates or
above graduates. There were 293 (10.85%) participants
who were overweight or obese. Comparing the charac-
teristics of the population before and after data imputa-
tion, there were no significant differences were observed
(P>0.05) (Supplementary Table 2).

Table 2 Descriptive characteristics of children and adolescents by body mass index (BMI) status

Characteristic Total (n=2,701) Groups Statistic P
Non-overweight or non- Overweight or
obesity (n=2,408) obesity (n=293)
Age, years, Mean 5D 14.63+1.96 14.68+1.95 1424 +1.94 t=3.64 <0.001
Gender, n (%) x> =11.547 <0.001
Male 1425 (52.76) 1243 (51.62) 182 (62.12)
Female 1276 (47.24) 1165 (48.38) 111 (37.88)
Geographic region?, n (%) X =54.050 <0.001
Eastern China 1(23.36) 520(21.59) 1(37.88)
Central China 712 (26.36) 648 (26 91) 64 (21.84)
Western China 795 (29.43) 748 (31.06) 47 (16.04)
Northeastern China 563 (20.84) 492 (20. 43) 71(24.23)
Residential areas, n (%) XZ:O.63O 0428
Urban 1003 (37.13) 888 (36.88) 115 (39.25)
Rural 1698 (62.87) 1520 (63.12) 178 (60.75)
Maternal education level, n (%) 7=4.189 <0.001
Below primary school 356 (13.18) 327 (13.58) 29 (9.90)
Primary school 545 (20.18) 499 (20.72) 46 (15.70)
Middle school 1077 (39.87) 968 (40.20) 109 (37.20)
High school and above 723 (26.77) 4 (25.50) 109 (37.20)
Smoking, n (%) 95 (3.52) 81 (3,36) 14 (4.78) x> =1540 0.215
Alcohol consumption, n (%) 390 (14.44) 329 (13.66) 61 (20.82) x2 =10.828 <0.001
Waist-to-hip ratio, Mean £ SD 0.82+0.09 0.82+£0.09 0.87+0.08 t=-10.96 <0.001
SBP, mmHg, Mean £ SD 106.05+11.49 10541 +£11.27 111.29+£11.89 t=-838 <0.001
DBP, mmHg, Mean £ SD 69.53+852 69.20£8.50 72251825 t=-5.82 <0.001

SD Standard deviation, SBP Systolic blood pressure, DBP Diastolic blood pressure

2 Eastern China includes: the city of Beijing and Shanghai, the province of Jiangsu, Shandong and Zhejiang; Central China includes: the province of Henan, Hubei and
Hunan; Western China includes: the province of Guizhou, Guangxi, Shanxi and Yunnan, the city of Chongqing; Northeastern China includes: the province of Liaoning

and Heilongjiang
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Comparison of non-overweight/non-obesity group

and overweight/obesity group

Compared with participants in the non-overweight
or non-obesity group, participants in the overweight
or obesity group were more likely to be male (62.12%
vs. 51.62%, P<0.001), living in eastern China (37.88%
vs. 21.59%, P<0.001) or northeastern China (24.23%
vs. 20.43%, P<0.001), to have more alcohol consump-
tion (20.82% vs. 13.66%, P<0.001) and to have moth-
ers with high school or above education level (37.20%
vs. 25.50%, P<0.001), and showed significantly greater
values for waist-to-hip ratio (0.8740.08 vs. 0.82+0.09,
P<0.001), SBP (111.29411.89 vs. 105.41£11.27 mmHg,
P<0.001) and DBP (72.25+48.25 vs. 69.20+8.50 mmHg,
P<0.001). There was a significant difference in age
[14.24 £ 1.94 years old in the overweight or obesity group
vs. 14.68 +1.95 years old in the non-overweight or non-
obesity group (P<0.001)]. No differences were found in
type of household registration and smoking. The com-
parison is shown in Table 2. These results showed that
age, gender, geographic region, maternal education level,
alcohol consumption, waist-to-hip ratio, SBP, and DBP
were covariates.

Clustering of diet knowledge level

According to the gravel diagram of the K-means cluster
analysis, the three clusters solution for dietary knowledge
was considered the most interpretable and stable classifi-
cation (Fig. 2). The answer scores of the 17 questions are
shown in Table 1, the mean scores of Cluster A, Cluster
B, and Cluster C were calculated respectively. The mean
total scores of the three Clusters A, B, and C were 3.84,
3.36, and 3.02, respectively. Cluster A, Cluster B, and
Cluster C were characterized by high, medium, and low
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dietary knowledge levels, respectively. Figure 3 shows the
specific characteristics of each cluster.

Cluster A included 837 (30.99%) children and ado-
lescents, Cluster C included 600 (22.21%) children and
adolescents, and Cluster B comprised 1,264 (46.80%)
children and adolescents between Cluster A and Cluster
B. Characteristics of Cluster A’s, Cluster B’s, and Cluster
C’s participants are shown in Table 3. The mean=+SD
ages of the participants in Cluster A, Cluster B, and Clus-
ter C were 14.744+1.97, 14.66+1.94, and 14.44+1.95,
respectively (P=0.012). There were 438 (52.33%) males
and 399 (47.67%) females in Cluster A, 641 (50.71%)
males and 623 (49.29%) females in Cluster B, and 346
(57.67%) males and 254 (42.33%) females in Cluster C
(P=0.018).

The association between diet knowledge and overweight/
obesity
In Table 4, compared with Cluster B (medium dietary
knowledge level), Cluster A (high dietary knowledge
level) [odds ratio (OR) with 95% confidence interval
(CI) of 0.56, 1.40—0.78)] was negatively associated with
overweight and obesity after adjusting for age, gender,
geographic region, maternal education level, alcohol con-
sumption, waist-to-hip ratio, SBP, and DBP (Table 4). No
significant association was found between Cluster C (low
dietary knowledge level) and overweight and obesity,
compared with Cluster B. When the study population was
divided into non-overweight or non-obesity, overweight
and obesity groups, the multivariate model showed that
the results were similar to normal weight, overweight, or
obese two groups (Supplementary Table 3).

Using Cluster B as the reference, Cluster A was found
to be negatively associated with overweight and obesity

2000 1
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1000

Gravel figure

0 1 2 3 4 5 6

Fig. 2 Gravel diagram of the K-means cluster analysis
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Cluster A Cluster B Cluster C
LOF LOF
LOS EAM LOS EAM
VOF VE
DHIF LA
LOSF RG
LOAP ESF
AAM HB
MDP IPA MDP IPA
BBP  PA BBP  PA BBP  PA
Fig. 3 Cluster characteristics based on the measurement of diet knowledge (cluster A, cluster B, cluster C). LOF, LOS, VOF, DHIF, LOSF, LOAP, AAM,
MDP, BBP, PA, IPA, HB, ESF, RG, LA, VE, and EAM correspond to the code of Q1 to Q17 in Table 1, respectively

Table 3 Characteristics of Cluster A's, Cluster B's and Cluster C's participants

Characteristic Total (n=2,701) ClusterA(n=837) ClusterB(n=1264) ClusterC(n=600) Statistic P
Age, years, Mean £ SD 14634196 14744197 14.66+£194 1444+£195 F=4412 0.012
Gender, n (%) x> =7.985 0018
Male 1425 (52.76) 438 (52.33) 641 (50.71) 346 (57.67)
Female 1276 (47.24) 399 (47.67) 623 (49.29) 254 (42.33)
Geographic region?, n (%) ¥’=110382  <0.001
Eastern China 631 (23.36) 148 (17.68) 364 (28.80) 119 (19.83)
Central China 712 (26.36) 273 (32.62) 254 (20.09) 185 (30.83)
Western China 795 (29.43) 194 (23.18) 391 (30.93) 210 (35.00)
Northeastern China 563 (20.84) 222 (26.52) 255(20.17) 86 (14.33)
Residential areas, n (%) Y2=2422 0.298
Urban 1003 (37.13) 293 (35.01) 484 (38.29) 226 (37.67)
Rural 1698 (62.87) 544 (64.99) 780 (61.71) 374 (62.33)
Maternal education level, n (%) x> =54.051 <0.001
Below primary school 356 (13.18) 126 (15.05) 132 (10.44) 98 (16.33)
Primary school 545 (20.18) 185 (22.10) 225(17.80) 135(22.50)
Middle school 1077 (39.87) 353(42.17) 487 (38.53) 237 (39.50)
High school and above 723 (26.77) 173 (20.67) 420(33.23) 130 (21.67)
Smoking, n (%) 95(3.52) 32(3.82) 40 (3.16) 23(3.83) X2=O.871 0.647
Alcohol consumption, n (%) 390 (14.44) 74 (8.84) 196 (15.51) 120 (20.00) x>=37415 <0.001
Waist-to-hip ratio, Mean 4 SD 0.82+£0.09 0.82+0.08 0.82+0.10 0.83+0.09 F=1.337 0.263
SBP, mmHg, Mean £ SD 106.054+11.49 106.55+11.26 105.884+11.20 105.734£12.34 F=1.158 0314
DBP, mmHg, Mean £SD 69.534+852 69.79+£8.58 69.51£821 69.23£9.06 F=0.776 0.460

Cluster A: high diet knowledge level; Cluster B: medium diet knowledge level; Cluster C: low diet knowledge level
SD Standard deviation, SBP Systolic blood pressure, DBP Diastolic blood pressure

2 Eastern China includes: the city of Beijing and Shanghai, the province of Jiangsu, Shandong and Zhejiang; Central China includes: the province of Henan, Hubei and
Hunan; Western China includes: the province of Guizhou, Guangxi, Shanxi and Yunnan, the city of Chongging; Northeastern China includes: the province of Liaoning
and Heilongjiang

among adolescents (OR=0.54, 95%CI: 0.36—0.80), males
(OR=0.58, 95%CI: 0.37-0.90), females (OR=0.50,
95%CIL: 0.29-0.88), living eastern China (OR=0.51,

95%ClI: 0.26—0.99), living northeastern China (OR=0.37,
95%CI: 0.19-0.71), and living rural area (OR=0.38,
95%CI: 0.24—0.60) in Model 3 (Table 5).
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Table 4 The association between diet knowledge and overweight/obesity in children and adolescents
Model 1 Model 2 Model 3
OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P
Diet knowledge
Cluster B Ref Ref Ref
Cluster A 0.54 (0.39-0.74) <0.001 0.54 (0.39-0.74) <0.001 0.56 (0.40-0.78) <0.001
Cluster C 1.29 (0.97-1.71) 0.082 1.22 (0.92-1.63) 0.170 1.31(0.97-1.79) 0.083

Model 1: Univariate logistic regression analysis;

Model 2: Adjustment for age and gender;

Model 3: Adjustment for age, gender, geographic region, maternal education level, alcohol consumption, waist-to-hip ratio, systolic blood pressure and diastolic

blood pressure

Cluster A: high diet knowledge level; Cluster B: medium diet knowledge level; Cluster C: low diet knowledge level

Ref Reference, OR Odds ratio, C/ Confidence interval

Discussion

This study showed that dietary knowledge in the stud-
ied children and adolescents was clustered into three
differential groups including Cluster A (high diet
knowledge level), Cluster B (medium diet knowledge
level), and Cluster C (low diet knowledge level). Com-
pared with Cluster B, Cluster A was negatively associ-
ated with overweight and obesity, similar results were
also found among adolescents, males, females, and
the participants living in eastern China, northeastern
China, and rural areas.

In our study, almost 80% of the children and adoles-
cents had a broad concept of healthy dietary [high diet
knowledge level (30.99%) and medium dietary knowledge
level (46.80%)]. However, low dietary knowledge still
accounted for 22.21% of the study population. Even the
children and adolescents in Cluster A performed well on
most questions, but not as well on Q6 [Consuming a lot of
animal products daily (fish, poultry, eggs, and lean meat)
is good for one’s health], Q11 (Sweaty sports or other
intense physical activities are not good for one’s health)
and Q16 [Vegetables contain more starch than staple
foods (rice or wheat flour)]. China’s economy is develop-
ing so rapid that various animal products have become
commonplace. Children’s perception of food in the fam-
ily environment may have led to a bias in Q6 [15]. The
results suggested that children and adolescents should
take appropriate amounts of animal products although
they are at a critical period of growth and development
[16]. The acceleration of urbanization, the increasing
burden of schoolwork and the lack of outdoor sports for
children and adolescents may lead to misunderstand-
ing of Q11 [17-19]. For Q16, it may be because children
and adolescents have not received systematic and com-
prehensive nutrition and health education. Therefore,
it is necessary to provide children and adolescents with

essential knowledge of a healthy diet [20]. The knowledge
could be spread via families, schools, or communities by
integrating dietary knowledge with other core subjects,
such as language. In addition, although the children and
adolescents in Cluster C were not as good as those in
Cluster A and B in dietary knowledge, they performed
better in Q4 (Choosing a high-fat diet is good for one’s
health) and Q12 (The heavier one’s body is, the healthier
he or she is). This may be due to the attention and inter-
vention on childhood obesity, which has a subtle impact
on children and adolescents [19, 21].

The childhood and adolescence period are critical
periods for growth, as well as learning knowledge and
developing good habits [21]. Promoting and learning
about dietary knowledge are particularly important
for the health of children and adolescents [3]. Failure
to understand dietary knowledge may have a negative
impact on dietary behavior and healthy growth. Previ-
ous studies found that there was a correlation between
the level of dietary knowledge of children or adoles-
cents and overweight/obesity [10, 11, 22]. A significant
correlation between the BMI of adolescents and their
dietary knowledge score was found in Lebanese adoles-
cents aged 15-18 years [22]. In a Polish study consist-
ing of 1,515 children and adolescents aged 6—18 years,
the authors showed that a high percentage of obese/
overweight children was associated with insufficient
knowledge of diet, which may consequently increase
the risk of cardiovascular diseases in the adult popu-
lation [10]. Similar results were found in the US. pre-
schoolers [11]. Similarly, Sun et al. reported the impact
of dietary knowledge on obesity in Chinses adults from
CHNS [23]. As for children’s dietary knowledge and
their intake, there are few studies on the association
between dietary knowledge and overweight or obesity
in Chinese children or adolescents. Herein, our results
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Table 5 The association between diet knowledge and overweight/obesity in different age, gender, geographic region, and residential

areas
Diet knowledge Cases (n) Model 1 Model 2 Model 3
OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P

Children (8-12 years old)

Cluster B 221 Ref Ref Ref

Cluster A 125 0.64(0.34-1.21) 0.167 0.67 (0.35-1.29) 0233 0.71(0.35-1.46) 0.357

Cluster C 120 0.93 (0.52-1.69) 0.819 0.92(0.51-1.67) 0.791 1.10 (0.58-2.08) 0.769
Adolescents (13-18 years old)

Cluster B 1,043 Ref Ref Ref

Cluster A 712 0.52 (0.36-0.75) <0.001 0.51(0.35-0.74) <0.001 0.54 (0.36-0.80) 0.002

Cluster C 480 140(1.01-1.94) 0.042 1.33(0.96-1.85) 0.084 143 (1.00-2.05) 0.048
Male

Cluster B 641 Ref Ref Ref

Cluster A 438 0.53(0.35-0.80) 0.002 0.54(0.36-0.82) 0.004 0.58 (0.37-0.90) 0.015

Cluster C 346 1.21(0.84-1.73) 0.306 1.19(0.83-1.71) 0353 1.31(0.88-1.94) 0.178
Female

Cluster B 623 Ref Ref Ref

Cluster A 399 0.53 (0.32-0.89) 0.016 0.52(0.31-0.87) 0.013 0.50 (0.29-0.88) 0.016

Cluster C 254 1.33(0.84-2.11) 0.227 1.28 (0.80-2.04) 0.298 1.31(0.79-2.15) 0.297
Eastern China'

Cluster B 364 Ref Ref Ref

Cluster A 148 0.52 (0.29-0.94) 0.031 0.51(0.28-0.92) 0.027 0.51(0.26-0.99) 0.047

Cluster C 119 1.62 (0.99-2.64) 0.053 1.54(0.94-2.52) 0.088 1.20 (0.70-2.04) 0512
Central China®

Cluster B 254 Ref Ref Ref

Cluster A 273 0.83 (0.44-1.58) 0572 0.82 (043-1.57) 0.553 0.91(0.46-1.79) 0.774

Cluster C 185 1.65 (0.89-3.07) 01Mm 149 (0.80-2.79) 0212 1.68 (0.87-3.24) 0.125
Western China®

Cluster B 391 Ref Ref Ref

Cluster A 194 0.39(0.15-1.03) 0.057 0.37 (0.14-1.00) 0.049 0.39 (0.14-1.06) 0.064

Cluster C 210 1.29 (0.68-2.45) 0436 1.17 (0.62-2.24) 0.626 1.34 (0.68-2.65) 0.396
Northeastern China*

Cluster B 255 Ref Ref Ref

Cluster A 222 047 (0.26-0.87) 0.015 0.48 (0.26-0.88) 0.018 0.37(0.19-0.71) 0.003

Cluster C 86 1.31(0.69-2.48) 0417 145 (0.75-2.78) 0.270 1.16 (0.57-2.38) 0.689
Urban

Cluster B 484 Ref

Cluster A 293 0.71(043-1.17) 0.181 0.68 (041-1.12) 0.132 0.91(0.53-1.55) 0.733

Cluster C 226 1.35(0.86-2.14) 0.196 1.22(0.77-1.95) 0.400 1.45 (0.88-2.39) 0.142
Rural

Cluster B 780 Ref

Cluster A 544 045 (0.29-0.68) <0.001 0.45 (0.30-0.69) <0.001 0.38 (0.24-0.60) <0.001

Cluster C 374 1.25(0.87-1.79) 0231 1.21(0.85-1.74) 0.295 1.28 (0.86-1.91) 0.229

Cluster A: high diet knowledge level; Cluster B: medium diet knowledge level; Cluster C: low diet knowledge level
Model 1: Univariate logistic regression analysis
Model 2: Adjustment for age and gender

Model 3: Adjustment for age, gender, geographic region, maternal education level, alcohol consumption, waist-to-hip ratio, systolic blood pressure and diastolic
blood pressure

Ref Reference

" Eastern China includes: the city of Beijing and Shanghai, the province of Jiangsu, Shandong and Zhejiang
2 Central China includes: the province of Henan, Hubei and Hunan

3 Western China includes: the province of Guizhou, Guangxi, Shanxi and Yunnan, the city of Chonggqing

4 Northeastern China includes: the province of Liaoning and Heilongjiang
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showed that after adjusting age, gender, geographic
region, maternal education level, alcohol consumption,
waist-to-hip ratio, SBP, and DBP, the risk of overweight
and obesity in children and adolescents with high die-
tary knowledge levels was 0.56 times lower than that of
those with medium dietary knowledge levels. Although
no significant differences were found between low die-
tary knowledge and overweight and obesity compared
with medium dietary knowledge, this also suggested
that improving dietary knowledge was critical for chil-
dren and adolescents. These results provided a theo-
retical basis in the population of Chinese children and
adolescents. Children and adolescents with a high level
of dietary knowledge are well aware of the importance
of healthy eating, so they may guide their eating styles,
take the initiative to form healthy behaviors and reduce
the occurrence of overweight and obesity [4].

In the subgroup analysis, we found that different die-
tary knowledge levels were not associated with over-
weight and obesity in children aged 8-12, but were
significantly associated with adolescents. It may be
because children have a low level of obesity-related
knowledge are susceptible to food temptations and have
poor self-control ability, while adolescents have a richer
health knowledge system and strong self-discipline [24].
Children and adolescents in eastern and northeastern
China with high dietary knowledge were associated with
decreased risks of overweight and obesity compared with
those with medium dietary knowledge levels, while the
association between dietary knowledge and overweight/
obesity was not been observed among those in central
China. Due to the imbalance of socio-economic develop-
ment, socio-economic changes may be heterogeneous in
different geographic regions [25]. Eastern and northeast-
ern China include the capital Beijing, Shanghai, Jiangsu
Province, Liaoning provinces, and others whose eco-
nomic development levels are at the forefront of China.
Studies have shown that the influence of socioeconomic
status on obesity has significant geographic significance
[25], suggesting that we should focus on overweight and
obesity among children and adolescents in eastern and
northeastern China. Moreover, high dietary knowledge
levels decreased the risk of overweight and obesity com-
pared with medium dietary knowledge levels in rural
areas. Children and adolescents in rural areas may lack
better dietary knowledge resources, have a low possibility
to acquire dietary knowledge from the media, and have
fewer opportunities to visit nutritionists [26], suggesting
dietary knowledge, guidance and intervention needs to
be provided.

To improve the dietary knowledge of children and ado-
lescents better and reduce the incidence of overweight
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and obesity from the perspective of diet, the follow-
ing interventions could be taken. Schools could set up
dietary health education courses and carry out health
knowledge lectures, so that children and adolescents
have more opportunities to learn systemic and rich die-
tary knowledge [27] and develop healthy diet patterns,
which can benefit children and adolescents for life and
affect the eating habits of the next generation [3, 28]. In
addition, dietary knowledge and dietary behaviors of
children and adolescents should be monitored regularly,
and timely interventions should be implemented [19].
Parents should jointly supervise children and adolescents
to learn dietary knowledge, raise awareness and promote
behaviors changes in a healthy and beneficial direction
[20, 29].

The strengths of this study were as follows. Firstly, the
study performed a cluster analysis on the dietary knowl-
edge level of children and adolescents analyzed its rela-
tionship with overweight and obesity and provided a
theoretical basis for the healthy growth of Chinese chil-
dren and adolescents. Secondly, the questions of dietary
knowledge used in our study were derived from the
Chinese Dietary Nutrition Guidelines, which were rep-
resentative and credible. However, there were a few limi-
tations in our study. First, we used cross-sectional data
rather than longitudinal data. There may be temporal
influencing factors on overweight and obesity over time.
Prospective longitudinal studies are needed to investi-
gate the risk factors that may contribute to the develop-
ment of overweight and obesity among Chinese children
and adolescents. Second, relevant literature showed that
overweight and obesity may also be related to genetic
factors [29], but this study did not examine them due to
data constraints.

Conclusion

In the present study, children and adolescents with high
dietary knowledge levels were negatively associated with
overweight and obesity compared with those with medium
dietary knowledge levels, similar results were also found
among adolescents, males, females, eastern, northeastern,
and rural populations. The results of the study may provide
evidence-based support for preventive health care to pro-
mote the normal growth and development of children and
adolescents, and reduce the risk of diet-related overweight
and obesity through early and appropriate improvement of
dietary knowledge.
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