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caries among children and adolescents
in Huizhou: a cross-sectional study
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Abstract

Background: Obesity and dental caries among children and adolescents are growing worldwide public health prob-
lems. They share some common and modifiable influences. The objective of this study was to evaluate the prevalence
of obesity and dental caries among children and adolescents in Huizhou and explore the association between Body
Mass Index (BMI) category and dental caries.

Methods: This cross-sectional study enrolled 105,181 students (55,500 males and 49,681 females) from 87 schools in
Huizhou. Height and weight were measured, and BMI was calculated. Based on Chinese BMI standards, students were
classified into underweight, normal weight, overweight, and obesity groups. Dental caries was diagnosed according
to criteria recommended by World Health Organization (WHO). We used the Chi-square test to compare proportions
of groups and performed Association Rules Mining to identify patterns and combinations of BMI categories and den-
tal caries. Finally, a multilevel logistic regression model was applied to analyze the association between BMI category
and dental caries when confounders were considered.

Results: The prevalence of underweight, overweight, and obesity among children and adolescents was 7.56%,
8.85%, and 2.95%, respectively. The overall prevalence of dental caries was 58.10%, with a lower prevalence among
boys than girls. Students from primary schools and remote towns more easily suffer from dental caries. Caries preva-
lence of students belonged to underweight, normal, overweight, and obesity was 65.6%, 58.8%, 49.6%, and 46.1%
individually. With increasing BMI levels, the prevalence of dental caries decreased. Further, this trend still exists in each
subgroup of gender, educational stage, school type, and area. Association rules indicate underweight has a positive
effect on the occurrence of dental caries, while overweight or obesity has a negative impact on the occurrence of
dental caries. The three-level logistic regression model results show that BMI category is inversely associated with
dental caries after adjusting confounders.

Conclusion: Obesity is negatively associated with dental caries among children and adolescents in Huizhou. Further
research is required to investigate how dietary habits, oral hygiene habits, and parental socioeconomic status mediate
the association between BMI and dental caries.
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proportion has risen more than four-fold from 4% in
1975 to 18% in 2016 [2]. Studies have revealed that
obese children and adolescents are likely to main-
tain their status into adulthood and are at higher risk
of developing chronic diseases, including hyperten-
sion, type 2 diabetes, heart disease, cancer, and so on
[3-5]. Many factors, such as high birth weight, post-
natal overfeeding, and high-energy diets, are thought
to be strongly associated with childhood and adoles-
cence obesity [6—8]. Preventing and managing obesity
in children and adolescents will be a great challenge
[2, 9]. A broad understanding of the obesity epidemic
in children and adolescents will help guide interven-
tion efforts and develop effective population-based pro-
grams and policies.

Dental caries, which remains a severe public issue
worldwide, is also one of the most common diseases,
especially in many developing countries [10, 11]. Kazemi-
nia [12] reviewed 164 articles on the prevalence of dental
caries from 1995 to 2019 and found that caries preva-
lence of primary teeth and permanent teeth in children
in the world was 46.2% and 53.8%, respectively. Obesity
and dental caries share some common, modifiable fac-
tors such as diet and lifestyle. BMI is widely used as a
surrogate measure for obesity and is a commonly used
indicator for nutritional status as well. Given that both
caries prevalence and BMI measure diet-related health
outcomes, a relationship between BMI and dental car-
ies seems logical. Numerous studies have investigated
the association between BMI and dental caries. However,
the results have always been controversial and incon-
clusive. Both a low and a high BMI were associated with
dental caries in Nepalese schoolchildren [13]. But there
was no association between obesity and dental caries
among Korean adolescents [14]. Even in different prov-
inces of China, the results were inconsistent. Yao [15]
thought BMI categories were positively associated with
dental caries in the Wannan area, Anhui Province. Li [16]
reported overweight and obesity status were negatively
related to dental caries among school children and ado-
lescents in Jiangsu Province. The systematic review and
meta-analysis results were also conflicting [17, 18]. We
consider there are two main reasons for the difference in
results. First, the development of obesity has many fac-
tors and complexity [19, 20]. It is not only related to age,
sex, exercise, diet, and individual mood but also varies
by race and ethnicity [2, 21]. Second, the sample size of
most of the studies is small, lacking representativeness,
and there may be a selection bias. While many countries
collect data on children under five years of age through
large-scale surveys, there is a lack of research on older
children and adolescents, and the sample sizes tend to be
smaller [22].
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The purpose of this study is to estimate the prevalence
of obesity and dental caries among children and adoles-
cents in Huizhou and to explore the association between
BMI category and dental caries after adjusting gender,
age, educational stage, school type, and so on.

Methods

Research methodology

A cross-sectional study was conducted during the 2019-
2020 academic year, part of the surveys on students’ con-
stitution and health carried out by the government in
Huizhou, Guangdong Province, China.

Sampling

The subjects were sampled by the multistage stratified
cluster sampling method. In the first stage, all towns in
Huizhou were divided into three strata according to eco-
nomic levels. Then, 13 towns were randomly selected.
Five were from the urban area, six suburban area, and
two were from remote towns. In the second stage,
schools of each selected town were partitioned into pub-
lic schools and private schools. Afterward, eighty-seven
schools, including primary school (grade 1-6, 7-12 years
old), junior high school (grade 7-9, 13-15 years old), and
senior high school (grade 10-12, 16—18 years old) were
randomly selected, ensuring proportionate representa-
tion of different economic levels. Finally, students in the
selected schools were recruited as study subjects. Writ-
ten informed consent was obtained from all subjects’ par-
ents. The research was approved by the Clinical Research
Ethics Committee of Huizhou People’s Hospital.

Inclusion and exclusion criteria

Inclusion criteria were: (1) students over seven years of
age in primary school, junior high school, and senior high
school; (2) living in the sampling area for more than six
months. The exclusion criteria were as follows: (1) suf-
fering from obvious diseases (like hepatitis, tuberculosis,
etc.) or physical/mental deformities (such as physical dis-
ability or malformation); (2) absence from examination
or missing anthropometric data. Finally, 105,181 students
(93.2%) of a total of 112,807 were included in this cross-
sectional study.

Measurements

Four teams performed the anthropometric measure-
ment and oral examinations. Each group consisted of two
nurses, a physician, and a dentist. To ensure study reli-
ability, a training and calibration process was carried out.
They were trained with Technical Standard for Physi-
cal Examination for Students (National Standards of the
People’s Republic of China, GB/T-26343-2010) [23]. The
height meter and balance weight scale were all calibrated
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before measuring. The measurement error should not
exceed+0.5 cm for height and+0.1 kg for weight. Stu-
dents were asked to dress in light clothing and barefoot
when height and weight were measured. Blood pressure
was measured three times for each student at 1-min
intervals, and the mean was used in the analysis.

Dentists examined the teeth of each student by using a
flat mouth mirror and a CPI probe. Caries was diagnosed
according to WHO criteria, and caries experience was
measured as the DMFT (number of decayed, missing,
and filled permanent teeth). In contrast, the dmft was
used for primary teeth. Dentists were calibrated for diag-
nosing decayed teeth, and the degree of agreement was
assessed. The kappa coefficients were more than 0.80 for
all examiners. Demographic information, including age,
sex, residence, grade, and school type, was also collected.

Definitions

BMI was calculated by dividing their weight (in kilo-
grams) by their height (in meters) squared. Participants
were categorized as underweight, normal weight, over-
weight, and obese according to the sex- and grade-strat-
ified cutoff values of BMI in National Student Physical
Health Standards revised by the Ministry of Education in
2014 [24]. Underweight is defined as under the 5th per-
centile curve, normal weight as between 5 and 85th per-
centile, overweight as higher than 85th and lower than
the 95th percentile, and obesity as higher or equal to the
95th percentile. The presence of caries was diagnosed if
dmft or DMFT > 0.

Statistical analysis

Conventional descriptive statistics described data. Con-
tinuous variables were summarized based on mean + SD,
while categorical variables were summarized based on
frequency (percentage). The two or more groups were
compared for proportions using the Chi-square test.
Association Rules Mining was performed to identify pat-
terns and combinations of BMI categories and dental car-
ies. The ARM is a fundamental data mining technique
that exhaustively looks for hidden patterns, making them
ideal for discovering predictive rules from medical data-
bases. An association rule (AR) is a pair (X, Y) of sets of
attributes, denoted by X — Y, where X is the antecedent
and Y is the consequent of the rule X — Y. Basically, the
rule states that if X happens, then Y does happen. In gen-
eral, a set of items, such as X or Y, which are disjoint, is
called an item set. Applied to a medical condition, asso-
ciation rules can identify subgroups at exceptionally high
risk of a given disease. We employed the three commonly
used measurement ratios: support (how frequently the
disease combinations appear in the data set), confidence
(the conditional probability that a participant who has
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the antecedent disease will also have the consequent ill-
ness), and lift (the ratio of the observed support to that
expected if the two events were independent). The lift
measures the importance of a rule within ARM, so it was
considered the primary measure of significance in our
study [25].

In this study, data had a multilevel or hierarchical
structure. Students learned in different grades; each
school contained multiple grades; we sampled schools
of different types in different regions. Units at one level
were recognized as being nested within units at the next
higher level. Students in the same grade were more simi-
lar than those in different grades within a school, and
students within a school would be more alike, on aver-
age, than students from different schools. A three-level
logistic regression model (the level 1 units were individ-
ual students, the level 2 units were grades, and the level
3 units were schools) was fitted to explore the associa-
tion between BMI category and dental caries when other
variables were also considered. The model was estimated
using iterative generalized least squares (IGLS), and the
Wald test was used to test the significance of coefficients.

All analyses were performed with SPSS v25.0 (IBM
SPSS Statistics for Windows, IBM Corp, Armonk, NY)
and MLwin Version 2.36 (Centre for Multilevel Model-
ling, University of Bristol). P-value <0.05 was considered
as statistical significance.

Results
Characteristics of subjects
A total of 105,181 students, including 55,500

males (52.77%) and 49,681 females (47.23%) were
enrolled in the present data. The gender composi-
tion significantly differed between educational stages
(x? = 147.86,P < 0.001). More boys than girls were
in primary schools and junior high schools, while more
girls than boys in senior high schools. 67,206 students
(63.90%) were from public schools, 37,975 (36.10%)
were from private schools. The proportions of students
from public schools and urban areas increased rapidly
with the educational stage up. The age (mean=+ SD) was
12.64 + 3.30 years. More details are shown in Table 1.

Outcome of BMI classification

BMI classification of the study subjects and subgroups
was summarized in Table 2. The prevalence of under-
weight, overweight, and obesity for all was 7.56%, 8.85%,
and 2.95%, respectively. More boys were skinny (7.84%
vs. 7.24%) and overweight (9.45% vs. 8.17%) than girls. In
comparison, obesity was slightly higher in girls than boys
(3.15% vs. 2.76%). About 9.46% of primary school pupils
were categorized as underweight, greater than junior
high school students and senior high school students.
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Table 1 Characteristics of participants
Characteristics Primary school Junior high school Senior high school Total
n % n % n % n %
Gender
Male 26,684 53.90 18,334 5342 10,482 49.08 55,500 5277
Female 22,823 46.10 15,984 46.58 10,874 50.92 49,681 47.23
School type
Public school 25127 50.75 22,114 64.44 19,965 9349 67,206 63.90
Private school 24,380 49.25 12,204 35.56 1391 6.51 37,975 36.10
Area
Urban 29,160 58.90 27,959 8147 21,062 98.62 78,181 7433
Suburb 15,012 30.32 6019 17.54 294 138 21,325 20.27
Remote town 5335 10.78 340 0.99 0 0.00 5675 540
Age* 971175 14.014£0.97 17.224+0.99 12644330
Height (cm)* 133.84+11.67 160.20+7.96 166.16+8.16 149.00+17.51
Weight (kg)* 29.80+8.48 49.814+9.26 56.20£9.39 4156+ 1446
SBP (mmHg)* 101.76£9.16 110.724+£11.28 1141441130 107.264+£1242
DBP (mmHg)* 66.12£7.00 70.80+£8.20 7224+£815 6891+£8.13
*X = 5; SBP, systolic blood pressure; DBP, diastolic blood pressure
Table 2 BMI classification of children and adolescents
Variables Underweight Normal Overweight Obesity Total
(n=7948) (n=84,831) (n=9304) (n=3098) (n=105,181)
Gender
Male 4350 (7.84) 44,373 (79.95) 5247 (9.45) 1532 (2.76) 55,500
Female 3598 (7.24) 40,460 (81.44) 4057 (8.17) 1566 (3.15) 49,681
Educational stage
Primary school 4682 (9.46) 40,056 (80.91) 3670 (7.47) 1099 (2.22) 49,507
Junior high school 1943 (5.66) 27,586 (80.38) 3513 (10.24) 1276 (3.72) 34,318
Senior high school 1323 (6.19) 17,189 (80.49) 2121 (9.93) 723 (3.39) 21,356
School type
Public 4883 (7.27) 53,884 (80.18) 6325 (941) 2114 (3.15) 67,206
Private 3065 (8.07) 30,947 (81.49) 2979 (7.85) 984 (2.59) 37,975
Area
Urban 3082 (6.04) 41,029 (80.37) 5157 (10.10) 1781 (3.49) 51,049
Suburb 4290 (8.85) 39,090 (80.67) 3836 (7.92) 1241 (2.56) 48,457
Remote town 576 (10.15) 4712 (83.03) 311 (5.48) 76 (1.33) 5675

Conversely, junior high school students and senior high
school students were more easily overweight and obese.
The frequencies of underweight, overweight, and obesity
in different grades were displayed in Fig. 1, which showed
that underweight, overweight, and obesity mainly con-
centrate in grade 1-4, grade 7-12, and grade 7-9,
respectively. Students from remote towns had a greater
prevalence of underweight, and urban area students were
more likely to be overweight and obese. Figure 2 depicts
the frequencies of underweight, overweight, and obesity
in different towns.

Prevalence of dental caries

Caries prevalence of children and adolescents accord-
ing to gender, educational stage, school type, area, and
BMI categories were presented in Table 3. The over-
all prevalence of dental caries was 58.10%, with a lower
prevalence among boys than girls (54.92% vs. 61.65%,
x? = 488.64, P < 0.001). Significant differences in caries
status were also found across educational stage (71.85%
vs. 47.07% vs. 43.95, x2 =7318.17,P < 0.001), school
type (55.68% vs. 62.38, x> = 447.01,P < 0.001) and area
(49.49% vs. 64.27% vs. 82.93%, x2 = 3749.31, P < 0.001).



Page 5 of 11

(2022) 22:76

Shi et al. BMIC Oral Health

(£0£1) 696 (€6'78) 90/¥ (85'1€) ¥e (¢¥'89) ¢S (§9£0) 98 (S¢€ts) see (SS91) 082 (S¥€Q) Ce6e (crel)el (8798) L6¥ UMO] 310wy
(€£5€)9LE/L (LT¥9) Lwl'LE (658%) €09 (L¥'1S) 8€9 (68¥Y) zTLL (LS9 viie (oLse)elrel (0679) LLE'ST (S960) ¢LTl (S€°04) 8L0€ qingns
(15089) £8/'ST (6¥6¥) C9T'5T (€989) ¥+0L (8€LY) L€L (06'55) €88¢C OLvv) vrce  (066Y) /10T (01°09) 655°0¢ (L61Y) 98¢ (€0°5S) 9691 uegin
ealy
(€o°2€) £8T¥L (8€°79) 889'¢cC (L¥0S) 961 (65°61) 881 (Ev'Ly) ELpL (£657TS) 9951 (889€) wL¥'LL (cle9) €Sl (S¥'L€) ¥96 (55'89) LOLT |00Y2s 21eALd
(cevy) S8L'6T (89'G9) LTv'LE (85°GG) G/ LL (Ttvh) 6€6 (€9'16) 8/C¢ (£1°8Y) L¥0€ (¢Lev) 6SS'€T (87°99) Ge'0€ (le9g) €//1 (69€9) 0L Le |[00Y2s Jlgnd
2dA1 jooyds
(G099) L/6'LL (S6'€h) G8¢6 (€L'L9) ThP (£8'8¢€) 18¢C (GC09) 8/l (G2°6€) €V8 (P£°G5) 7856 (9T ¥¥) L092 (£5°05) 699 (e¥6Y) ¥59 |ooyps ybiy Joiuas
(€6'25) 59181 (LOLY) €SL9OL (0865) €9/ (0cov) €18 (0189) L+0C (06'LY) Tyl (€T°T8) 60771 (LL1y) LL1EL (00'6Y) 756 (00°15) 166 |ooyds ybiy soung
(S1'80) 9¢6'EL (S8°14) LLS'S€E (ov'zy) 997 (09°£5) €€9 (8€°2€) tLEL (c9c9)86cC  (¢¥'1T) T86'0L (85C/) v£0'6C (€D 9OLLL (9197) 995¢ |ooyds Aiewiid
abeis [euoneonp3
(S€°8¢) LS0'6L (59°19) 0€9'0¢€ (89°6%) 8/L (z€05) 882 (Or'er) €9/1 (#5°99) v6CC (0188) ¥L¥'SL (06'19) 9¥0'S5T (9%°0€) 9601 (#5°69) 0S¢ deWaS
(80S¥) 120'ST (C615) 6/¥'0€ (6C°89) €68 (L£'1Y) 6€9 (08'55) 86C (0cvv)6lec  (80h) 66561 (C6'SS) T18'YT (CLLe) 191 (8C°79) 60/¢C Slen
JETONEL)
(TL0'vr=U) (60L'L9=U) (L£9L=u) (LzvL=u) (L69v=u) (€Lov=u) (eL6'vE=U) (858'67=Uu) (LELT=U) (Llzs=u)
9944 saue) saue) 9944 sale) saue) 9944 sale) saue) 934) sale) saue) 991) saue) saue)
|elol Ausaqo wbemiano JewoN ybramiapun sa|qelen

sdnoibgns pue s133[gns Apnis syi Jo sdus|eAsd ssue) € alqeL



Shi et al. BMC Oral Health (2022) 22:76 Page 6 of 11
B underweight % B underweight %
M Overweight o, W Overweight %
Grade 1 B Obesity % B Obesity %
12— Remote town 1
14

—

Grade 2

Grade 12— §

. Grade 3

| —
- Grade 6

Grade 7

Grade 8 TS

Fig. 1 The prevalence of underweight, overweight and obesity
among children and adolescents in different grades

Students from primary schools, private schools, and
remote towns more easily suffer from dental caries.

Caries prevalence of students belonged to underweight,
normal, overweight, and obesity was 65.6%, 58.8%, 49.6%,
and 46.1%, respectively. With increasing BMI levels, the
prevalence of dental caries decreased (Cochran Armit-
age trend test Z=25.33, P<0.001). Further, this trend
still exists in each subgroup of gender, educational stage,
school type, and area. Caries prevalence of students with
the same BMI level declines as the grade increases. In
almost all grades, the maximum value of the caries preva-
lence belonged to underweight, followed by overweight,
and the minimum value was obesity (Fig. 3). Figure 4
depicts the caries prevalence of each town. In the case
of adjusting the BMI effect, students from urban schools
still have the lowest caries prevalence, and in almost
all towns, with the BMI level up, caries prevalence also
comes down.

Association rules

The ARM Results were listed in Table 4, showing patterns
of BMI categories and dental caries. The probability for
underweight and dental caries in all subjects was 4.95%,
normal and dental caries was 47.40%. Further, 4.39% of
students with overweight also reported dental caries,
whereas1.37% of those with obesity also reported den-
tal caries. Confidence of association rules revealed the
probabilities of dental caries in underweight, normal,
overweight, or obesity, which were the same as we men-
tioned above (3.3 Dental caries among children and ado-
lescents). The lift values were 1.13, 1.01, 0.85, and 0.79 for
underweight and dental caries, normal weight and dental

Urban 13

Remote town 2

Urban 12 Suburb 3

Urban 11 ¢ Suburb 4

Utban 10 < Suburb 5

Urban 9 Suburb 6

Suburb 8
Fig. 2 The prevalence of underweight, overweight and obesity
among children and adolescents in selected towns

Suburb 7

caries, overweight and dental caries, obesity and dental
caries, respectively.

Associations between BMI category and dental caries
under confounders adjusted

The fitted three-level logistic regression model was
shown in Fig. 5, and the estimates and ORs were demon-
strated in Table 5. Gender, age, educational stage, area,
and BMI category were significantly associated with
dental caries. Girls were more likely to have caries than
boys (OR=1.41, 95% CI 1.37-1.45). Compared with
younger pupils, older students were less likely to suffer
from dental caries, and similar differences were found
between educational stages. Students from suburbs and
remote towns were 1.43 (OR=1.43, 95% CI 1.21-1.70)
and 3.33(OR=3.33, 95% CI 2.71-4.09) times more likely
to have dental caries than those from urban areas. Using
normal weight as a reference, the odds for the preva-
lence of dental caries increased 19% (OR=1.19, 95% CI
1.13-1.26) in underweight students and decreased by
25% (OR=0.75, 95% CI 0.72-0.79) and 33% (OR=0.67,
95% CI: 0.62-0.72) in overweight and obesity students,
respectively. BMI category has an inverse association
with dental caries after adjusting confounders.

Discussion

This study evaluated the prevalence of obesity and den-
tal caries among children and adolescents in Huizhou
and explored the association between BMI category and
dental caries. The principal findings are as follows: (1)
The prevalence of overweight and obesity was 8.85% and
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Fig. 3 The prevalence of dental caries among children and
adolescents with different BMI categories in each grade
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Fig. 4 The prevalence of dental caries among children and
adolescents with different BMI categories in selected towns

Table 4 Association rules of BMI category and dental caries

Rule Support (%) Confidence (%) Lift
Condition Result

Underweight  Dental caries ~ 4.95 65.56 1.13
Normal Dental caries  47.40 58.77 1.01
Overweight Dental caries 439 49.58 0.85

Obesity Dental caries 137 46.06 0.79

Page 7 of 11

2.95%, respectively; (2) The overall prevalence of den-
tal caries was 58.10%, with a lower prevalence among
boys than girls. Students from primary schools, private
schools, and remote towns more easily suffer from den-
tal caries; (3) With increasing BMI levels, the prevalence
of dental caries decreased. This trend still exists in each
subgroup of gender, educational stage, school type, and
area. (4) There was an inverse association between BMI
category and dental caries after adjusting for confound-
ers. In other words, obesity is negatively associated with
dental caries.

The prevalence of overweight and obesity

Data from the 2017 Physical Activity and Fitness in
China show that the prevalence of overweight and
obesity among Chinese school-aged children and ado-
lescents is 15.1% and 10.7%, respectively [26]. So,
Huizhou’s overweight and obesity prevalence rate is
lower than the national level. There is a geographic dis-
parity in childhood obesity prevalence in China, higher
in the northern region while lower in the southern part
[27]. This geographic variation may be attributed to
the differences in dietary habits, climate, genetics, etc.
Huizhou is in the southeast of Guangdong province,
a coastal city with a mean maximum air temperature
of 28 °C. Cantonese are used to drinking slow-cooked
soup and paying more attention to a healthy diet, and
even in the winter, children can have a long time doing
outdoor activities.

The prevalence of dental caries

Caries prevalence of children and adolescents in Huizhou
(58.10%) was higher than that of a population-based
study in Shenzhen (41.15%) [28] and an extensive survey
in Guangzhou (30.7%) [29]. The reasons may as follow:
firstly, Huizhou has a lower socioeconomic level than
Shenzhen and Guangzhou. Secondly, on average, the
parental education level of students in Huizhou is also
lower than that of students in Shenzhen and Guangzhou.
Lastly, the researchers only selected the children in urban
areas in Guangzhou. Low levels of parental income and
education were associated with dental caries [30]. Caries
prevalence increased with the decreasing socioeconomic
status (SES) [14, 31], which may also explain the differ-
ence of caries prevalence in areas. Female students have a
higher caries prevalence than male students. This finding
is consistent with the results in other provinces of China
[32, 33]. One possible explanation could be girls’ pref-
erence for cariogenic foods, in addition to earlier tooth
eruption in girls compared to boys, thus exposing their
teeth to a cariogenic oral environment for a longer time
than boys [33].
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Fig. 5 The fitted three-level logistic regression model

Table 5 Results of multivariable logistical regression model The association between BMI category and dental caries
Obesity and dental caries are a comorbidity in many pop-

Variables OR 95% ClI P . . . .
ulations because of some common risk factors, including
Gender consumption of highly caloric and cariogenic foods. The
Male 1.00 current data show that the prevalence of dental caries is
Female 141 137 145 <00001  significantly lower in overweight and obese students but
Age higher in underweight students, taking normal ones as
<9 1.00 reference. There has been conflicting evidence in the lit-
10-12 073 068 0.79 <00001  erature about the nature and direction of this association.
13-15 0.63 0.56 0.70 <00001  Alshihri et al. [34] reviewed papers (published from 2015
>16 0.66 057 0.76 <00001  to 2018) on the association between obesity and dental
Educational stage caries in children and adolescents, and found that of the
Primary school 1.00 twenty-six included studies, nine studies reported no
Junior high school 0.54 048 061 <00001  relationship between obesity and dental caries, five stud-
Senior high school 0.59 048 073 <00001 ies declared a positive association, while eleven studies
School type observed an inverse association like our results.
Public school 1.00 The possible reasons for the differences may be as fol-
Private school 107 0.90 126 04523 lows: (1) The target populations are different. The stud-
Area ies were conducted in different countries or regions [13,
Urban 1.00 15, 29, 35]. There may be population heterogeneity. For
Suburb 143 121 170 <00001 example, Hayden et al. [14] moderated the study coun-
Remote town 333 271 409 <00001  try of origin (newly industrialized versus industrialized).
BMI They found a significant relationship between obesity
Normal 1.00 and dental caries in children from industrialized but
Underweight 119 113 126 <00001  not freshly industrialized countries. (2) Different clas-
Overweight 0.75 072 0.79 <00007  sification criteria produce different groups. Some stud-

Obesity 067 062 072 <00001 les adopted the recommended age- and gender-specific
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WHO growth references, expressed as z-scores and cate-
gorized into four subgroups: underweight, normal, over-
weight, and obese [36, 37]. Several studies employed the
Centers for Disease Control and Prevention (CDC) and
categorized subjects into four subgroups as well [38, 39].
Other studies used the international BMI recommended
by the International Obesity Task Force (IOTF), which
separates samples into two categories, “not overweight”
and “overweight” [40]. (3) Differences in sample size and
variation in the confounders used for adjustment (such as
gender, age, socioeconomic and residence area) may also
cause different results. Some studies recruited hundreds
of children [41], while the most extensive study enrolled
millions [28].

Our study supported a negative association between
BMI category and dental caries. More overweight and
obese children and adolescents come from economically
wealthy families and have parents with higher education
in China. The role of SES is opposite to that in developed
countries. Parents in the urban area spend more money
on food, and most of them still believe that higher food
intake makes their children grow faster. This results in
overweight urban children and adolescents [42]. These
parents also pay more attention to their child’s health sta-
tus, including oral health [29]. Among children of high
SES families, overweight children had approximately 71%
fewer caries than those who were normal weight [43].

Contrarily, underweight usually means under-nutri-
tion. Enamel hypoplasia, salivary glandular hypofunction,
and saliva compositional changes may be how malnutri-
tion is associated with caries [44]. On the other hand,
untreated caries might cause severe pain and discomfort
in children, thus reducing food intake. In addition, other
symptoms induced by caries, including infection, irrita-
bility, and disturbed sleeping habits, can affect children’s
quality of life and, thereby, underweight [45]. In the
future, a cohort study, collecting more information such
as dietary habits, oral hygiene habits, and SES of students
will be helpful to clarify the causal relationship between
underweight and dental caries.

Strength and limitation

The strengths of this study include a large sample size,
wide age range, and the inclusion of both sexes, and the
use of National Standards to measure. Also, we used
stratified analysis, Association Rules Mining and multi-
level Logistic regression model to confirm the associa-
tion between BMI category and dental caries. However,
some potential limitations also warrant discussion.
First, no causal association can be made as with any
cross-sectional study. Second, other factors, includ-
ing dietary habits, oral hygiene habits, and paren-
tal SES, have also been observed to exert significant
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influences on the occurrence of dental caries and obe-
sity. We have not evaluated those confounders in our
data yet. Therefore, residual confounding could bias the
observed associations. Finally, since the sample referred
to Huizhou children and adolescents, more work is
needed to evaluate whether these results extrapolate to
other racial or ethnic groups.

Conclusion

In conclusion, we found a lower prevalence of over-
weight and obesity but a higher prevalence of dental car-
ies among children and adolescents in Huizhou, China.
With the BMI levels increasing, the occurrence rate of
dental caries decreases. The findings could help us fur-
ther understand the relationship between BMI category
and dental caries and could be the basis of policy for
preventing obesity and dental caries in children and
adolescents. In the future, cohort studies are required
to confirm the present study’s results and clarify the
mechanisms of the association between BMI and dental
caries.
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