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Abstract

Introduction Earlier studies reported inconsistent findings for the association of childhood obesity with the risk
of dental caries. In this systematic review and meta-analysis, we aimed to summarize earlier studies on the association
of overweight and obesity with risk of dental caries in children.

Methods Relevant studies published up to December 2023 were identified through searches in PubMed, MEDLINE,
SCOPUS, EMBASE, and Google Scholar, using suitable keywords. All observational studies, including cross-sectional

or cohort or case-control studies, about the association of each obesity index with risk of dental caries in children which
reported odds ratio (OR), hazard ratio (HR), or relative risk (RR) and 95% Cls, were included. Studies involving adults,
randomized clinical trials, studies on animals or pregnant women, and studies on other dental disorders were excluded.
Risk of bias was assessed using standard methods for observational studies. A total of 22 studies including 40673 par-
ticipants were included. Studies were pooled using the random-effect model, and results were synthesized with sub-
group analyses and assessments of heterogeneity. Limitations included potential publication bias and heterogeneity
among study designs. The quality of the included studies was assessed using the Newcastle-Ottawa scale (NOS).

Results Children at the highest category of BMI were 44% more likely to have early childhood caries (ECC) than those
at the bottom (OR: 1.44; 95% Cl: 1.16 to 1.78). Moreover, combined analysis also showed no significant association
between waist circumference (WC) and risk of dental caries in children. However, significant linear and non-linear
associations were found between BMI and risk of childhood dental caries. No publication bias was found for the rela-
tionship between BMI and the risk of ECC based on visual inspection of a funnel plot and Egger’s test.

Conclusions This study showed a significant direct association between BMI and the risk of dental caries in children.
Non-linear analysis showed higher risk of dental caries in children with higher BMI and also among underweight
children. Further prospective studies are required to expand current knowledge in this issue.

Impact statement The findings of this study have significant implications for public health and dental care, suggest-
ing association between BMI and the risk of dental caries in children. This comprehensive meta-analysis is among the

"Mohammad Reza Bakhoda and Mohammad Mehdi Haghighat Lari are co-
first authors.

*Correspondence:

Alireza Milajerdi

amkhv@yahoo.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-024-04733-5&domain=pdf

Bakhoda et al. BMC Oral Health (2024) 24:966

Page 2 of 14

first to summarize earlier publications on the association of obesity with risk of dental caries in children, highlight-
ing the need for more accurate methods of obesity assessment and further research to understand this relationship
better. These findings can help inform public health policies and interventions to reduce the prevalence of childhood

obesity and dental caries.
Keywords Children, Dental caries, Obesity, Overweight

Introduction

Obesity is a chronic disease characterized by excess or
abnormal accumulation of fat in the body that might dis-
turb a person’s health [1]. In 2016, it was reported that 1.9
billion adults 18 years old or above were overweight, of
which over 600 million were obese [2]. The prevalence of
obesity in children and adolescents is quickly increasing,
such that more than 340 million children and adolescents
aged between 5 to 19 are suffering from overweight or
obese, worldwide [2].

Childhood obesity is linked with different chronic
diseases, such as cardiovascular disease, certain types
of cancers, type 2 diabetes, coronary heart disease, or
hypertension in adulthood [3, 4]. Besides, it is posi-
tively linked to the development of various physical
disabilities and diverse psychological problems [5].
Accordingly, obesity is considered as a critical threat to
health-care systems and imposes a substantial burden
on countries [6].

Dental caries (known as tooth decay or dental cavity)
is accounted as the most prevalent non-communica-
ble diseases worldwide, often causing pain and infec-
tion, resulting in tooth extraction and altered quality of
life [7, 8]. It has been estimated that near 5-10% of the
health care annual budget in the developed countries is
spent for the treatment of dental caries [9]. In addition,
dental caries can threaten children’s development and
growth, especially those on a poor diet [10]. The associa-
tion between obesity and dental caries might be related
to low-socioeconomic status, high-sugar diet, low use
of health services, and limited health literacy. These
shared risk factors leads to higher prevalence of both
conditions [11]. Many studies have examined association
between obesity and dental caries in different locations;
however, their findings are controversial. Several stud-
ies reached no remarkable association [12], while others
found a positive or an inverse association between obe-
sity and dental caries [13—-16]. Earlier systematic reviews
and meta-analyses also reported controversial findings
[11, 14, 17, 18]. In addition, A recent meta-analysis sug-
gested that obesity increases the risk of caries in older
children, while it was equivocal in younger children [19],
which highlights needs for a comprehensive analysis in
this area. Those meta-analyses have substantial limita-
tions, including focusing only on cross-sectional studies

[11, 20, 21], lack of examination for the association in
children under six years [11, 17, 21], and the majority of
them had an incomplete search strategy in a small num-
ber of databases [11, 17, 19-21]. Furthermore, they did
not separately analyze continuous and categorical effect
sizes to reach a firm conclusion. Lack of different sub-
group analyses is another limitation of those studies.

Given the aforementioned reasons and to address the
knowledge gaps, current systematic review and meta-
analysis was done to examine association between obe-
sity indices and risk of dental caries in children.

Methods

This research was carried out in line with the PRISMA
(preferred reporting items for systematic reviews and
meta-analyses) guidelines.

Search strategy

Relevant studies published up to December 2023 were
searched through PubMed, MEDLINE, SCOPUS, EMBASE,
and Google Scholar, using the following suitable MESH and
non-MESH keywords: (("early childhood caries"[tiab] OR
"Dental Care for Children"[tiab] OR "tooth decay"[tiab]
OR 'pediatric dentistry"[tiab] OR “dentistry”[tiab]
OR “dental’[tiab] OR “teeth’[tiab] OR “tooth”[tiab]
OR “caries”[tiab] OR "dental caries"[tiab] OR "Dental
Decay"[tiab] OR “Teeth decay”[tiab]) AND (“child”[tiab]
OR “kid”[tiab] OR “childhood”[tiab] OR “pediatric”[tiab]
OR “paediatric”[tiab] OR "preschool children"[tiab]) AND
(“weight”[tiab] OR "body mass index"[tiab] OR “BMI”[tiab]
OR “waist circumference”[tiab] OR obesity[tiab] OR
"overweight'[tiab] OR "Birth weight"[tiab])). No restric-
tions were done in terms of language or time of publication.
Duplicate citations were removed. To avoid missing any
publication, we also reviewed reference lists of all included
studies and relevant review articles.

Inclusion criteria

All observational studies, including cross-sectional or
cohort or case-control studies, that investigated the asso-
ciation of each obesity index with risk of dental caries in
children. Eligible studies were required to report odds
ratio (OR), hazard ratio (HR), or relative risk (RR) and
95% Cls, were included. In case of several publications
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with the same data set, we included only the most com-
plete one. If data for specific subgroups were reported,
results for the whole population were used. Studies on
adults, randomized clinical trials, animal studies, those
enrolled pregnant women, and studies assessed risk of
other dental disorders in relation to obesity were not
included in our systematic review and meta-analysis.
We did not also include unpublished data and grey lit-
eratures, including dissertations, congress abstracts, and
patents in the current meta-analysis.

Data extraction

Following data were extracted by two independent
reviewers: first author’s name, publication year, location,
study sample size, number of subjects in each group, par-
ticipants’ age, participants’ gender, study design, expo-
sure, exposure assessment method, outcomes, outcome
assessment methods, and any confounder adjusted for.

Statistical analysis

All statistical analyses were performed using STATA soft-
ware version 14.0 (Stata Corp LP, College Station, TX).
Statistical significance was set at p < 0.05. We focused
on studies that reported odds ratios (ORs) for all-cause
or early childhood caries across different BMI categories.
A dose-response meta-analysis, following the method
developed by Greenland and Longnecker [22] and further
refined by Orsini et al. [23], was used to assess the trend
from correlated log OR estimates across BMI categories.
For each BMI category, the midpoint was considered the
corresponding OR estimate. Open-ended categories were
assumed to be of equal width to the adjacent categories.

A two-stage random-effects dose—response meta-
analysis was employed to explore a potential non-linear
relationship between BMI and early childhood caries
risk. This involved modeling BMI with restricted cubic
splines, with knots placed at the 10th, 50th, and 90th
percentiles of the distribution, as described by Harrell
et al. [24]. Using a generalized least-squares regression,
we accounted for the correlation within each set of pub-
lished ORs, combining the study-specific estimates with
the restricted maximum likelihood method in a multi-
variate random-effects meta-analysis. The non-linearity
probability was assessed by testing the null hypothesis
that the coefficient of the second spline was zero.

For a linear dose-response relationship, we evalu-
ated the impact of 1 kg/m2 increments in early caries
on childhood using generalized least-squares trend esti-
mation. We calculated pooled ORs and standard errors
from all reported effect sizes and their 95% confidence
intervals (Cls) using a random-effects model. Addition-
ally, we applied a multivariate linear regression model to
investigate the association between obesity indices and
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childhood dental caries risk, adjusting for potential con-
founders such as age, gender, socioeconomic status, and
dietary habits.

Between-study heterogeneity was examined using the
Cochrane Q test and I statistics, with I> values over 50%
indicating substantial heterogeneity. To identify sources
of heterogeneity, we conducted subgroup analyses based
on country population size (large vs. small), region (Asian
vs. European vs. American countries), participants’ age
(<7 years vs. >7 years), sample size (<900 vs. >900), study
design (cross-sectional, case-control, or cohort), and
adjustments for age and gender. To assess publication
bias, both the funnel plot and Egger’s regression test were
employed.

Quality assessment

The Newcastle Ottawa Scale (NOS), which is tailored
for observational studies, was employed to evaluate the
quality of the selected cohort, case-control and cross-
sectional studies [25]. The NOS assigns up to ten points
to each study: five for selection, two for comparabil-
ity, and three for outcome assessment, with ten repre-
senting the highest quality. Any disagreements were
resolved through discussion. In this study, publications
scoring 5 or higher on the NOS were deemed high-
quality (Supplementary Table 2).

PECO Framework

The study focused on the association between obesity
indices (exposure), such as BMI and waist circumference,
and the risk of dental caries (outcome) in children (popu-
lation). Although the specific formulation of the PECO
question was not explicitly stated, the study implicitly
addressed these components to guide its research focus
and parameters. Additionally, the comparator used was
different levels of BMI (e.g., normal weight, overweight,
obese). Detailed information on the PECO framework
can be found in Supplementary Table 1.

Results

Systematic review

Flow-diagram of study selection has been shown in
Fig. 1. Overall, 22 studies including 40673 participants
were judged to be eligible for the current systematic
review. Of these, 16 studies were included in the meta-
analysis. Characteristics of these studies are summarized
in Table 1. Included studies were published between 2007
and 2023; such that 8 studies were published before 2015
[12-15, 26-29] and 14 studies were published after that
year [16, 30—42]. Included studies were done in Finland
[30, 39], Brazil [26, 27, 37] , Sweden [32], Mexico [15],
Germany[31, 35], Vietnam [16], China [29], UK [28, 34],
India [13], Nepal [33], New Zealand [36], Belgium [38],
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Fig. 1 Flow diagram of study selection

Saudi Arabia [40], Tiwan [42] and USA [12, 14, 41]. They
had case—control [30, 35, 38, 43], cross-sectional [13, 14,
16, 26, 27, 29, 31, 33, 34, 36, 40, 42, 44], or prospective
cohort design [12, 15, 28, 32, 35, 37, 39, 41]. The sample
size of these studies varied between 71 and 27333 and
could be classified into two subgroups of less than 900
[13, 14, 26, 27, 29-32, 34, 35, 37-39, 42] and more thanf
900 [12, 15, 16, 28, 33, 36, 40, 41]. Moreover, study sam-
ple size was not reported in one of included papers [28].
The mean age of children in the included studies varied
from 4 to 18 years. Fourteen studies were done on chil-
dren aged <7 years [12, 14, 15, 27-29, 31, 32, 34-37, 40,
41], while 8 studies enrolled children between 7 and 15
years [13, 16, 26, 30, 33, 38, 39, 42]. All included studies
were done on both genders.

The measured exposures were BMI as a continuous [28,
29, 31, 34] or categorical [12-16, 26-28, 30, 32, 33, 36—42]
variable and WC categories [29, 34]. Exposure assessment
method was not reported in some studies [31], while the
others directly measured participants’ weight and height
to calculate BMI [12-16, 26—30, 32—42]. The outcome of
interest was dental caries in most studies [12—-16, 26—42].
Some other studies also reported odds ratio for erosive

tooth wear [30, 31]. Assessment of outcomes was done by
an experienced dentist in most included studies [12-16,
26—42]. In some studies findings were adjusted for partici-
pants’ gender [16, 26, 29, 30, 33, 36, 38—42]. In addition,
some other studies adjusted their findings for the partici-
pants’ age [28, 30, 33, 37, 38, 41, 42]. Furthermore, a con-
siderable number of included studies did not report any
adjustment [13, 27, 31, 32, 34].

Meta-analysis

Combining data from 16 studies, we found a significant
direct association between BMI and risk of ECC; such
that those at the highest category of BMI had 44% higher
risk of dental caries than those at the bottom category
(OR: 1.44; 95% CI: 1.16 to 1.78, I*= 88.9 %) (Fig. 2). In
our study, the subgroup analysis presented in Table 2
included articles that utilized consistent standards for
defining both obesity and dental caries. When we did
subgroup analysis by the predefined variables, the asso-
ciation significant relationship was found between BMI
and risk of ECC among studies done in Asian coun-
tries (OR: 1.70; 95% CI: 1.25, 2.32), also among studies
with cohort design (OR: 1.27; 95% CI: 1.07, 1.56) and
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Study %

ID ES (95% Cl) Weight
Methuen, et al (2021) —— 0.80(0.30,230) 306
Marshall et al (2007) —— 302(146,625) 465
Hong, et al (2008) o 1.04 (0.88, 1.24) 951
Nava, etal (2010) < 194(152,248) 894
Honne et al (2012) —— 3.68 (1.79, 7.56) 469
Costa etal. (2013) —— 132(070,250) 532
Paulo, etal (2014) —— 063(0.40,113) 632
Pham. et al (2019) -4- 209(155,283) 843
Karki, et al (2019) & 121(1.10,133)  9.93
Marro etal (2020) &  — 0.83(0.04,163) 117
Aung, etal. (2021) ¢ 1.88(1.73,2.03) 9.99
Feldens, etal (2021) —_——— 105(0.34,323) 265
Marro etal (2021) & ¢ — 083(0.04,163) 117
Yen, etal. (2021) <% 081(063,105 884
Mohamed, et al (2022) - 259(1.88,357) 824
Piovesan, etal. (2022) —— 113(073,175)  7.10
Overall (-squared = 88.9%, p = 0.000) e 144(1.16,178)  100.00

NOTE: Weights are from random effects analysis
T T
.04 1 25

Fig. 2 Forest plot for the association between BMI (categorical) and risk of childhood dental caries. Diamonds represent pooled estimates
from random-effects analysis. Horizontal lines represent 95% Cls

Table 2 Subgroup analysis for the association of BMI and risk of childhood dental caries

Variables Subgroups Number of effect OR" 95% CI 12 (%)
sizes
Study location Asian-countries 6 1.70 1.25,2.32 94.6
European-countries 3 0.81 0.36,1.81 0.0
America-countries 7 1.28 091, 1.81 79.6
Country population Big country 9 1.56 1.09,2.21 85.2
Small country 7 131 0.95, 1.81 924
Participants’age Aged <7 years 9 1.59 122,207 85.3
Aged between 7 and 15 years 7 1.25 0.87,1.81 84.1
Adjustment for sex Yes 10 1.30 0.99, 1.71 91.2
No 6 1.74 1.13,2.68 83.1
Adjustment for age Yes 6 1.04 0.84,1.30 419
No 10 1.68 1.29,2.18 87.2
Study design Cross-sectional 9 1.58 1.20,2.08 926
Case control 4 1.31 0.77,2.22 824
Cohort 3 1.27 1.07,1.56 0.0
Study sample size Less than 900 8 1.25 0.77,2.02 75.1
More than 900 8 1.59 1.25,2.02 92.1

" Obtained from Fixed-effect model

cross-sectional design (OR: 1.58; 95% CI: 1.20, 2.08) and  the risk of dental caries in studies that entered BMI as
among studies done in participants’ age less than 7 years  a continuous variable in their analyses showed no sig-
(OR: 1.59; 95% CI: 1.22, 2.07) (Table 2). Pooling data for  nificant association between increasing BMI and risk of
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dental caries in children (OR: 1.01; 95% CI: 0.99 to 1.03,
I>=3.5%.) (Fig. 3). Due to the limited number of included
studies, we were unable to do subgroup analyses.
Furthermore, we found two studies about the asso-
ciation of waist circumference with risk of dental car-
ies Combined analysis of these two studies showed no
significant association between WC and risk of dental
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caries in children (OR: 1.8 95% CI: 0.90 to 1.30, I’=
47.7%) (Fig. 4).

In addition, our non-linear dose response analysis showed
a significant non-linear association between body mass
index and risk of dental caries (Fig. 5). Moreover, a signifi-
cant linear association was found between each unit incre-
ment in BMI and risk of dental caries in children (Fig. 6).

Study %

D ES (95% CI) Weight
Kay et al. (2010) —— 0.94 (0.81, 1.09) 1.83
Peng et al. (2014) 1.26 (0.94, 1.70) 0.46
Paisi et al. (2018) 1.02 (0.95, 1.10) 7.28
Tschammler et al. (2019) 1.01 (1.00, 1.03) 90.42
Overall (I-squared = 3.5%, p = 0.375) 1.01 (0.99, 1.03) 100.00

NOTE: Weights are fromrandom effects analysis

T
.588

Fig. 3 Forest plot for the association between BMI (continuous) and risk of childhood dental caries. Diamonds represent pooled estimates

from random-effects analysis. Horizontal lines represent 95% Cls

Study %

D ES (95% CI) Weight
Peng et al. (2014) ¢ 1.26 (0.94, 1.68) 26.99
Paisi et al. (2018) —— 1.02 0.95, 1.10) 73.01
Overall (I-squared =47.7%, p =0.167) <i> 1.08 (0.90, 1.30) 100.00

NOTE: Weights are from random effects analysis

T
.595 1

Fig. 4 Forest plot for the association of waist circumference with risk of childhood dental caries. Diamonds represent pooled estimates

from random-effects analysis. Horizontal lines represent 95% Cls
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1.50
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Relative Risk of Childhood Dental Caries

T T |

7 12 17 22 27 32 37

Body Mass Index

Fig.5 The non-linear association meta-analysis between BMI and risk of childhood dental caries. BMI was modeled with restricted cubic splines
in a multivariate random-effects dose-response model. The vertical axis is on a log scale. Horizontal lines represent 95% Cls

Publication bias was assessed through visual inspection  Discussion
of a funnel plot and Egger’s test (significant at p< 0.05; We found a significant direct association between BMI
Fig. 7). No evidence of publication bias was found for the  and risk of dental caries in children. In addition, a sig-
relationship between BMI and the risk of early childhood nificant non-linear and linear associations were found
caries (p = 0.170 with Egger’s test). between BMI and risk of ECC. To the best of our knowl-
edge, this is among the first studies summarizing earlier

Study %
ID ES (95% CI) Weight
Marshall et al (2007) ‘ 1.04 (1.01, 1.07) 599
Kay et al (2010) 0.94 (0.81, 1.09) 0.45
Nava, etal (2010) 1.01 (1.00, 1.02) 10.38
Honne et al (2012) ’ 1.05 (1.02, 1.08) 6.05
Costa etal. (2013) 1.01(0.98, 1.03) 6.83
Peng etal (2014) ‘ 1.26 (0.94, 1.70) 0.12
Paulo, etal (2014) 0.98 (0.96, 1.00) 7.88
Paisi et al (2018) 1.02(0.95, 1.10) 1.66
Tschammler et al (2019) 1.01(1.01, 1.02) 10.85
Pham. etal (2019) 1.03 (1.01, 1.04) 9.30
Marro et al (2020) 0.99 (0.92, 1.06) 176
Marro et al (2021) 0.99 (0.94, 1.05) 262
Methuen, et al (2021) 1.00(0.97, 1.04) 491
Yen, etal. (2021) 0.99 (0.98, 1.00) 10.34
Mohamed, et al (2022) 1.03(1.02, 1.04) 1042
Piovesan, etal. (2022) 1.03(1.02, 1.04) 10.42
Aung, etal. (2021) (Excluded) 0.00
Overall (I-squared =78.7%, p = 0.000) 0 1.01(1.00, 1.03) 100.00
NOTE: Weights are from random effects analysis

.5;38 ‘: 1?7

Fig. 6 Forest plot for the linear association between each unit increment in BMI and risk of childhood dental caries
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Fig. 7 Funnel plot for the association between BMI and the risk of ECC

publications about the association of obesity with risk of
dental caries in children.

Childhood obesity is a growing problem around the
world [45]. Obesity is associated with many acute health
problems and difficulties during childhood [46]. In addi-
tion, childhood obesity might also leads to adult obesity
and its associated comorbidities [47]. The prevalence of
dental caries is increasing among children all over the
world [48], affecting their normal growth and health
[49]. Findings from a prospective cohort study in Sweden
showed that obese children at age 6 year had higher prev-
alence of dental caries compared to those with normal
weight [50]. In another cohort study conducted in UK,
higher BMI was associated with slightly higher chance of
dental caries, but this association was not as statistically
significant [28]. Moreover, several systematic reviews
have been done on this topic, but their findings are con-
troversial [11, 18, 21].

In the current study, we found a significant association
between BMI and risk of childhood dental caries. In line
with our findings Hayden et al. found a significant rela-
tionship between childhood obesity and dental caries
[51]. In a recent meta-analysis of observational studies,
children with high BMI scores were more likely to expe-
rience dental caries comparing to children with normal
weight [29]. However, another meta-analysis published
in this field showed no significant differences in risk of
both primary and permanent dental caries between chil-
dren in different BMI categories [20]. It should be noted
that findings of that study might be misleading because
of including only cross-sectional and low-to-middle
quality studies, different criteria for BMI classification,

different indices and definitions of dental caries. They
also included only studies from developing countries,
which might affect their findings.

Our meta-analysis also showed a linear and non-
linear association between BMI and risk of childhood
dental caries. Our non-linear association showed
higher risk of dental caries in children with higher
BMI and also among underweight children. Looking
the plot, it seems that changes in risk of dental caries
is more pronounced in children with BMIs lower or
higher than 15. With regards to those at BMI higher
than 30, we had only one study and more investigations
are needed. Furthermore, we found only two stud-
ies about the association of WC and risk of childhood
dental caries[34, 52]. Although the association was not
significant, limited number of included studies make it
difficult to discuss.

There are common risk factors linking overweight or
obesity to dental carries. For example, children con-
sumed high calorie diets rich in sugar sweetened bever-
ages (SSB) and high calorie dense snacks are vulnerable
to overweight and obesity [53]. High-calorie diet can also
be associated with dental carries due to high content of
fermentable sugars [18, 54, 55]. In addition, socioeco-
nomic factors might also play a role in the association
of obesity with risk of childhood dental caries [20, 51].
Reduced physical activity by increases in body weight
increases snacks consumption and also time spent for
watching TV [18]. Furthermore, obesity is an inflamma-
tory state characterized by increasing cytokine produc-
tion, which can in turn, leads to dental caries (57). In fact,
previous studies have shown that increased inflammation
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in the body will result to destructive attacks to dental
enamel, such that earlier studies suggested significant
links between production of tumor necrosis factor (TNF-
a), interleukin-6 (IL-6), and interleukin-8 (IL-8) in saliva
and risk of dental caries (58).

To the best if our knowledge, current study is a com-
prehensive updated meta-analysis on the association of
obesity with risk of childhood dental caries; moreover,
it is the first dose-response analysis in this area. Along
with these strengths, the study also has some limitations.
High-between study heterogeneity is a common concern
in these meta-analyses. We tried to find probable sources
of between-study heterogeneity by doing subgroup analy-
ses. Assessment of obesity by different methods, apply-
ing different indices and definitions for diagnosis of
dental caries and inconsistent adjustment for potential
confounders were the major concerns. In addition, lack
of studies in which obesity was assessed by updated and
accurate methods, rather than BMI, is another limitation
of the current meta-analysis. There are diet-related fac-
tors such as energy intake, macronutrients, and micronu-
trients that that most of the studies included in our study
did not adjust for these factors.

In conclusion, in this systematic review and meta-anal-
ysis we found a significant direct association between
BMI with risk of childhood dental caries. In addition,
significant non-linear and linear associations were found
between BMI and risk of ECC. Notably, the reviewed
articles were of high quality, which strengthens the reli-
ability of these findings. However, it is important to con-
sider the potential risk of bias present in some studies. To
further clarify these associations, additional longitudinal
studies employing diverse obesity assessment tools are
necessary.
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