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Obesity and oral health in Mexican children and adolescents:
systematic review and meta-analysis

Magaly Aceves-Martins , Naara L. Godina-Flores, Yareni Yunuen Gutierrez-G�omez, Derek Richards,
Lizet L�opez-Cruz, Marcela Garc�ıa-Botello, and Carlos Francisco Moreno-Garc�ıa

Context: A relationship between obesity and poor oral health has been reported.
Objective: To investigate the association between overweight/obesity and oral
health in Mexican children and adolescents. Data Sources: A literature search was
conducted of 13 databases and 1 search engine for articles published from 1995
onward. Data Analysis: A total of 18 publications were included. Evidence was in-
conclusive and varied according to sociodemographic factors or outcome measur-
ing tools. The Decayed, Missing, and Filled Teeth and Filled Teeth Surfaces indices
and the decayed extracted filled teeth index outcomes were included in a random
effects model meta-analysis. Pooled estimates showed no statistically significant
oral health differences (measured via the decayed extracted filled teeth or the
Decayed, Missing, and Filled Teeth Surfaces indexes) among body mass index (BMI)
categories. However, pooled estimates of 6 studies showed that children with
higher BMI had worse oral health in permanent teeth (measured via the Decayed
Missing Filled Teeth Index) than children with lower BMI (overall mean difference,
–0.42; 95%CI, –0.74, –0.11). Conclusion: Whether there is an association between
poor oral health and high BMI is inconclusive; however, both co-exist among
Mexican children. Therefore, health promotion and prevention efforts should ad-
dress common risk factors and broader risk social determinants shared between
noncommunicable diseases.

BACKGROUND

Oral health is an integral component of overall health
and well-being, enabling vital daily functions.1,2 Dental

caries (also known as tooth decay) is among the most

prevalent oral chronic diseases affecting children and
adolescents worldwide.3–6 Dental caries negatively affects

children’s quality of life7 because of discomfort, pain, in-
fection, or altered sleeping habits.1 Dental caries also

might alter children’s normal growth and development
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and may increase the risk of hospitalization.5 It has been

suggested that oral health outcomes might vary accord-
ing to income, ethnicity, or other sociodemographic fac-

tors.6 Dental caries continues to be a public health
problem, even with technological advancements and a

better understanding of the carious process.1,8

Several studies have examined the relationship be-
tween overweight or obesity with children’s oral

health, especially dental caries. Obesity and dental car-
ies are 2 conditions that share several predisposing

factors, such as unhealthy lifestyles, a diet high in
sugar, sociodemographic characteristics, and other en-

vironmental factors.5–9 One of the most frequently
studied factors is diet, mainly high consumption of

sugar. Consuming high amounts of sugar might lead
to both high body mass index (BMI) and a high prev-

alence of caries.3–8 Consequently, many researchers
have hypothesized that excess weight might be linked

with children’s dental caries. However, recent evi-
dence suggests that any association between obesity

and dental caries might vary according to different
factors, including the country of the studied cohort’.

The finding has been reported of significantly more
caries among children with overweight or obesity (in

both primary and permanent teeth) in high-income
countries, but not those in low- and middle-income

countries.9

Several individual studies and systematic reviews

have recently evaluated the association between over-
weight or obesity and oral health outcomes (eg, car-

ies).5,8–10 However, the results and methodologies are
mixed and provided uncertain and inconclusive evi-

dence. Furthermore, most of the published systematic
reviews include only English-language publications,

excluding valuable evidence from non–English-speak-
ing or low- and middle-income countries, such as

Mexico.
To our knowledge, no systematic review have

been conducted on oral health, dental caries, and obe-
sity in Mexican children and adolescents. Mexico is
an upper-middle–income Latin -American country

experiencing a double burden of malnutrition (ie, the
coexistence of overweight and obesity alongside stun-

ning and wasting) in the past few decades.11 The
“Childhood and Adolescent Obesity in Mexico:

Evidence, Challenges, and Opportunities” (COMO)
project intends to synthesize and use data to compre-

hend the extent, nature, effects, and costs of child-
hood and adolescent obesity in Mexico.12 The aim for

this systematic review, which is part of the COMO
project, is to evaluate the association of oral health

outcomes (eg, oral health indexes, caries, dental pla-
que, gingivitis) with overweight or obesity in Mexican

children and adolescents.

METHODS

This project’s systematic review has been registered in the
International Prospective Register of Systematic Reviews13

(PROSPERO registration no. CRD42019154132). It has
been reported according to Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) guide-
lines.14 The research question and inclusion and exclusion

criteria were established following the Population,
Exposure, Comparison, Outcomes, Study Design (PECOS)

framework. (Table 1)
The databases searched included MEDLINE,

EMBASE, the Cochrane Library, Global Health Library,
LILACS, CINAHL, CAB abstracts, ERIC, PsycINFO,

ScienceDirect, Scopus, AGRICOLA, and SciELO
Citation Index. Also, we searched for relevant material

in the search engine Google Scholar. When possible,
searches were also done in Spanish to capture relevant

references. A sensitive search was developed to include
index terms, free-text words, abbreviations, and syno-

nyms to combine the key concepts for this review.
Terms such as “overweight,” “obesity,” “body mass

index,” “bodyweight,” “child,” “adolescent,” “dental
caries,” and “oral health” were included in the strategy

with different term variations or synonyms and
Boolean connectors to capture relevant publications.

Full reports or conference abstracts were included if
these met the inclusion criteria. Reference lists of in-
cluded papers also were scrutinized for additional pub-

lications, and experts in the field were contacted for
additional relevant reports. Original searches were con-

ducted in January 2020 and updated in January 2021.

Selection criteria

As noted, the eligibility criteria were based on the

PECOS framework (Table 1). The criteria are detailed
by category in the following paragraphs.

Population. Studies that included children and adoles-

cents from zero to 18 years old (mean reported age at
the start of the study) from any ethnicity or sex living in

Mexico were considered. Mexican children living in a
different country were excluded from this review to bet-

ter conceptualize the obesity problem within the coun-
try’s sociodemographic characteristics and avoid
confounding information inherent to migration phe-

nomena. Likewise, studies that analyzed children’s se-
vere conditions (eg, HIV, cancer, fibrosis, Down

syndrome) or pregnant adolescents were excluded.

Exposure. Included studies had to report baseline par-
ticipants’ BMI. The assessment of childhood and ado-

lescent overweight and obesity differs worldwide and
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relies intensely on the reference data, making BMI com-

parisons challenging.5,9,15 For this reason, articles that
used references of calculated BMI (ie, weight [in kilo-

grams]/height [in meters] squared) and categorized
with national or international references (eg, World

Health Organization [WHO], International Obesity
Task Force, Centers for Disease Control and

Prevention) were considered.

Outcomes. Studies testing the association between over-
weight and/or obesity with oral health were included. Oral

health indexes such as Decayed, Missing, and Filled (per-
manent) Teeth (DMFT); Decayed, Missing, and Filled

(permanent) Teeth Surfaces (DMFS); decayed, extracted,
and filled primary teeth (deft); and International Caries

Detection and Assessment System were included. Also,
any other reported oral health outcome (eg, dental plaque
index, gingival state) was considered.

Study design. Human observational studies were consid-

ered in this review.
Since the early 1990s, there is evidence of a contin-

ued increase in the prevalence of childhood and adoles-
cent obesity in Mexico.11 To focus on contemporary

epidemiological and environmental circumstances of
childhood and adolescent obesity in Mexico, evidence

published from 1995 onward was included in this re-
view. Relevant studies included English, Spanish, or

Portuguese publications to capture reports from the
most widespread languages spoken in the Americas.

Data selection and extraction

Titles, abstracts, and relevant full texts were screened by
2 reviewers (L.L.-C., M.G.-B.) and all were checked by a

third reviewer (M.A.-M). In addition, 2 reviewers
(M.A.-M., N.L.G.-F.) extracted data from relevant stud-

ies independently. In case of any disagreement, a third
author was contacted (Y.Y.G.-G.).

A data extraction form was structured following
the PECOS framework. Relevant data from the in-

cluded studies included population characteristics (ie,
target population, mean and range of age, sex distribu-

tion, other socioeconomic or demographic

characteristics); study design; references linked to the

study; setting characteristics (eg, city, Mexican state, re-
cruitment location); exposure (ie, BMI and any other

anthropometric or adiposity measurement considered),
BMI categorization (ie, number of children who were

underweight, of normal weight, overweight, or obese),
and references used to categorize BMI (eg, WHO,

International Obesity Task Force, Centers for Disease
Control and Prevention); outcomes: oral health evalu-

ated through commonly used indexes (eg, DMFT,
DMFS, deft, International Caries Detection and

Assessment System), or any other oral health outcomes
(eg, dental plaque, gingival state). It was also recorded

if outcomes were measured in primary, permanent, or
both types of teeth.

Data synthesis

As reported in previous reviews,9 BMI classification in

children and adolescents may vary according to in-
cluded participants’ age or the references used to cate-

gorize BMI. The 4 BMI classifications used across child-
and adolescent-targeted studies include “underweight,”

“normal weight,” “at risk of overweight,” and
“overweight.” In contrast, some others categorized BMI

as “underweight,” “normal weight,” “overweight,” and
“obese.” For the synthesis purposes, the categories “at

risk of overweight” and “overweight” were unified in
this review. The categories “overweight” and “obesity”

refer to children and adolescents in the 2 highest BMI
categories, respectively, regardless of the anthropomet-

ric reference used in the studies. The data obtained
from the included studies were synthesized narratively,

and key characteristics were tabulated. In addition, tex-
tual descriptions of studies and reported statistical anal-

ysis were recorded and tabulated. Reported outcomes
presented per tool or index used are reported narra-

tively in the Results section.

Statistical analysis

Studies that reported oral health using the DMFT,
DMFS, and deft indexes were included in a random-

effects meta-analysis. The analysis did not combine

Table 1 PECOS criteria for inclusion of studies
Population Children and adolescents from zero to 18 years old from any ethnicity or sex living in Mexico

Exposure Overweight or obesity measured via BMI and categorized with national or international
references

Comparator Studies that compared the prevalence of oral health outcomes across BMI categories
Outcomes Oral health outcomes measured with indexes such as Decayed, Missing, and Filled Teeth;

Decayed, Missing, and Filled (permanent) Teeth Surfaces; Decayed, Extracted, and Filled
(primary) Teeth; International Caries Detection and Assessment System

Study design Observational studies
Abbreviations: BMI, body mass index; PECOS, population, exposure, comparison, outcomes, study design.
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indexes (ie, DMFT, DMFS, and deft), because the num-

bers of teeth and surfaces with dental caries reveal a dif-
ferent severity of dental caries, which have been

reported as not suitable for direct combination.9

The included studies reported oral health data us-

ing several BMI categories: overweight, obesity, under-
weight, and normal weight. As a primary analysis,
higher BMI categories (overweight and obesity) were

pooled and compared with data on lower BMIs (un-
derweight or normal weight). Also, as secondary analy-

sis, meta-analyses of specific BMI categories were
conducted, and results are provided in Appendix S1 in

the Supporting Information online. The weighted
mean difference was used to compare oral health in-

dexes’ continuous variables among BMI categories. All
results were reported with 95%CIs. Considering that

all the included papers were observational studies, we
used the DerSimonian and Laird method to construct

a random-effects model.16. Whenever possible, sensi-
tivity analyses were performed to exclude studies con-

sidered having a “low” quality to test the impact of
study quality on the heterogeneity and effect size. The

analysis was performed with R statistical software using
the library metafor. The main results are presented in

forest plots.

Risk of bias and quality assessment

The JBI (formerly, Joanna Briggs Institute) critical ap-

praisal tool for cross-sectional studies17 was used to
assess the quality of the included studies. This tool

assesses the methodological quality of observational
studies and determines the extent to which a study

has addressed the possibility of bias.17 The tool evalu-
ates 8 critical items: explicit inclusion and exclusion

criteria; details about study participants and the set-
ting; method of measurement of exposure; standard

criteria used for measurement of the condition; iden-
tification of confounding factors; strategies to deal
with confounding factors; outcome measurement va-

lidity and reliability; and appropriate statistical analy-
sis. Articles were not included or excluded on the

basis of their quality. However, the appreciation of
the quality was used to categorize the papers: high

quality for those papers that reported sufficient detail
for the critical items; unclear quality was assigned for

those papers with � 1 “unclear” appreciation in the
items; And low quality for those papers that did not

report or consider � 1 items of the tool. Two
reviewers (M.A.-M., N.L.G.-F.) performed this evalua-

tion independently. If there was any disagreement, a
third reviewer was consulted (Y.Y.G.-G.) to reach an

agreement.

RESULTS

After searching the literature databases, 7363 references
were identified, of which 1432 were retrieved for full-

text review. Overall, 886 references were identified by
reporting obesity-related data from Mexican children

and are included in the COMO database (Figure 1). Of
these, 18 publications met the eligibility criteria and

were included in this review.18–35 The overall character-
istics of included studies are presented in Table 2.18–35

All the included studies had a cross-sectional design, ex-
cept 1,30 which had a longitudinal design. Studies were

conducted in 8 of the 32 states in Mexico (Figure 2).
Most of the studies recruited participants in

schools, but 322,27,29 recruited participants in clinics.
The study samples varied from 4022 to 6230 partici-

pants.21 The age range of included participants was
2.535 to 15 years.24 All the studies included both girls

and boys and targeted a general population (including,
but not limited to, children with overweight and obe-

sity), except for 122 study that included only children
with obesity. Overweight or obesity prevalence varied

across studies from 19% to 66% of the included partici-
pants. (Table 2)

Various tools were used to measure oral health of
participants, and some used >1 tool. The DMFT Index

was used in 10 of the 18 studies18,19,21–23,25,27,31,32,34; 6
used deft28,30–33,35; 4 used the DMFS Index20,22,25,30; 4
used the Simplified Oral Hygiene Index19,23,28,34; 2 used

the International Caries Detection and Assessment
System20,29; 2 used the Significant Caries Index18,21; 2

used the Community Periodontal Index19,24; 2 used the
O’Leary’s dental plaque index25,31; 1 used the Treatment

Needs Index18; 1 estimated the loss of periodontal at-
tachment24; and 2 evaluated the gingival state28,32

(Table 2).
Overall, results were poorly reported and varied

according to the tool used to measure oral health and
how the tool was used. For instance, the DMTF Index

was the most used tool to measure oral health among
the included studies. However, some studies presented

just the summary data for DMFT. In contrast, others
reported individual index components (ie, number of

decayed or missing teeth because of caries or filled
teeth) or in a dichotomized form.

Reported results are presented by age group in
Table 3.18–35 Overall, the results are inconclusive within

and across different age groups. Some studies found no
association between BMI and oral health indexes or

prevalence of caries.20,25,26,29,35 Some study findings
suggested a significant relationship between poorer oral

health and overweight or obesity.18,21,27,33 Others
reported worst oral health among underweight or

normal-weight children.19,23,30–32,34 However, some
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results varied with other variables considered in the
analysis, such as the setting (ie, rural or urban),18,26 so-

cioeconomic status,30 or the sex25 of included partici-
pants, and the tool used to measure outcomes.21 Also, 1

study reported that oral health was worst among those
adolescents with obesity and insulin resistance27

(Table 3).
For children younger than 5 years, 2 studies reported

that visible plaque and higher BMI categories were

associated.25,28 However, for children 6–12 years old, no
statistical relationship between this dental plaque and

BMI was reported in 1 study.31 According to another
study, adolescents (aged 13–18 years) who had over-

weight or obesity were more likely to have bleeding on
probing (odds ratio [OR], 1.57; P< 0.01) and periodontal

pockets (OR, 1.78; P< 0.01) than those with normal
weight. The odds were higher for those with obesity only

(OR, 7.07; P< 0.01) and (OR, 5.56; P< 0.01).24

Records identified through 
database searching

(n = 9755)

Additional records identified 
through other sources

(n = 73)

Total records
(n = 9828)

Records screened

(after deduplication) screened
(n = 7363)

Records excluded
Irrelevant title or abstract 

(n = 6204)

Full-text articles assessed for 
eligibility
(n = 1432)

Full-text articles 
excluded, with reasons

(n = 546)
Not Mexico = 73

Not related to childhood or 
adolescent overweight or 

obesity = 104
Not eligible population = 107

Review, protocols, or comment 
paper = 68

No weight or adiposity data 
presented for Mexican children 

or adolescents = 145
No weight or adiposity data 

classification = 49

Studies included in the 
COMO Project database

(n = 886)

Studies included in this systematic 
review 
(n = 18)

Studies included in 
quantitative synthesis

(meta-analysis) 
(n = 12)

Figure 1 PRISMA flowchart of the Childhood and Adolescent Obesity in Mexico (COMO): Evidence, Challenges, and Opportunities
project.
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Only 3 studies23,26,33 considered other habits or

lifestyles factors to analyze BMI and its relationship
with oral health outcomes. The authors of these 3 stud-

ies concurred that sugar consumption, bottle feeding,
and tooth-brushing frequency were strongly associated

with caries (P< 0.05).

Quality of the included studies

Overall, 10 of the 18 included studies were of high qual-

ity,23–30,33,34 4 were of unclear quality,18,21,31,32 and an-
other 4 were of low quality.19,20,22,35 The population
inclusion and exclusion criteria were not reported

clearly in 2 studies.18,21 All the studies measured oral
health outcomes validly and reliably. All but 232,35

recorded weight and nutritional status validly and reli-
ably. In 4 studies,19,20,22,35 confounding factors were not

identified or the authors did not state their strategies to
deal with confounding factors. In almost all the studies,

statistical analysis was appropriate (Table 4).18–35

Meta-analyses

BMI and oral health (using deft Index in primary teeth).
Among the 18 included studies, 528,31–33,35 studies that

assessed oral health with the deft index for primary
teeth provided sufficient data to be included in the anal-

ysis. Overall, no significant differences in the mean deft
index were found among children with lower or higher

BMIs (overall mean difference [MD], 0.13; 95%CI, –
0.49, 0.75). Sensitivity analyses were performed with the

only low-quality study removed,35 and the result
remained insignificant (overall MD, �0.12; 95%CI, –

0.59, 0.83) (Figure 329,32–34).

BMI and oral health (using the DMFS Index in
permanent teeth). Among the 18 included studies, only

220,25 studies that assessed oral health with the DMFS
Index provided relevant data to the analysis. One20 was

considered to have a low quality, and the other25 was of
high quality. When pooling the means and SD estimates

for the DMFS Index, no significant differences were
found among children with lower BMIs vs children

with higher BMIs (overall MD, 0.21; 95%CI, �0.20,
0.62).

BMI and oral health (using the DMFT Index in

permanent teeth). Among the 18 included studies,
718,19,21,25,27,31,32 assessed oral health with the DMFT

Index in permanent teeth and provided relevant data to
the analysis. When pooling the means and SD estimates

for the DMFT Index, no significant differences were
found among children with different BMIs (overall

MD, �0.28; 95%CI, �0.63, 0.07). However, when
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conducting the sensitivity analyses by removing the
low-quality study,19 there were statistically significant

lower DMFT Index values among children with lower
BMIs than among children with higher BMI (overall

MD, �0.42; 95%CI, �0.74, �0.11)
(Figure 4).18,21,25,27,31,32 Nevertheless, the underweight

group had significantly lower DMFT Index values than

did other BMI groups (Appendix S1 in the Supporting
Information online).

DISCUSSION

For this systematic review, we aimed to investigate oral

health outcomes in overweight or obesity in Mexican

Column

< 0.6000000000000001

0.6000000000000001 - 1.2

1.2 - 1.8

1.8 - 4.4

> 4.4

No studies
1 study
2 studies
3-4 studies
> 4 studies

Figure 2 Map of the Mexican 8 states from which evidence was reported.

Table 3 Oral Health outcomes per age group
Age group, y Reported outcomes

�526,29,34,37 Oral health indexes and caries: 1 study34 reported a higher percentage of caries in children at risk for over-
weight than those who were not. The risk of dental caries for children who were at risk for overweight was
1.94 (95%CI, 1.30–2.89; P< 0.001) and for overweight was 1.95 (95%CI: 1.42–2.64; P< 0.001), compared
with those of normal weight. However, 2 other studies found no association between BMI and the preva-
lence of caries.26,37 In 1 of these, significant results were found when data were analyzed by sex; girls had a
higher risk of caries (OR, 4.24; 95% CI, 1.04–17.31; P< 0.05) than did boys.26

Dental plaque: the presence of visible plaque and overweight were positively associated. 26,29

Gingivitis: the absence of visible plaque and being categorized as at risk of overweight or being overweight
was positively associated with gingivitis.29

6–1219,22–24,30–33 Oral health indexes and caries: 2 studies reported the worst oral health indexes in children with higher
BMIs.19,22 One study reported no statistical differences among BMIs and association and oral health out-
comes.30 But 4 studies reported that participants with obesity had a lower percentage of caries.24,31–33

However, the associations also varied according to the setting,19 SES,31 or tool used to evaluate oral
health.22

Dental plaque: no statistical relationship between this dental plaque and BMI was reported in 1 study.32

13–180,21,25,28,35,38 Oral health indexes and caries: 3 studies reported the worst oral health in underweight or normal-weight par-
ticipants compared with other BMI categories.20,21,35 One study reported that such differences were not sta-
tistically significant.21 One study reported worse oral health indexes in adolescents with obesity and insulin
resistance (P< 0.05) than adolescents without obesity.28 Differences between OHI-S and BMI were statisti-
cally significant.35 And 1 study reported no association between body weight and caries severity in the over-
all population.27 However, when overweight and area of residence (urban and rural) were combined, there
was an association with caries severity (P> 0.01): overweight adolescents with caries in dentine were most
frequently found in the rural area.27 A higher prevalence of caries in enamel and a lower prevalence of caries
in dentine (P< 0.01) were recorded in adolescents from the urban area, where better oral habits but greater
sweets intake (P¼ 0.04) were reported.27

Bleeding on probing and periodontal pockets: in adjusted regression models, adolescents who had over-
weight or obesity were more likely to have bleeding on probing (OR, 1.57; 95%CI, 1.45–1.63; P< 0.01;
CPI¼ 1) and to have periodontal pockets (OR, 1.78; 95%CI,1.51–2.10; P< 0.01; CPI¼ 2) than those with nor-
mal weight. The odds were higher for those with obesity only (OR, 7.07 [95%CI, 2.74–18.24], P< 0.01; and
OR, 5.56 [95%CI, 5.39–5.74], P< 0.01).25

Abbreviations: BMI, body mass index; CPI, Community Periodontal Index; OHI-S, Simplified Oral Hygiene Index; OR, odds ratio; SES, so-
cioeconomic status.
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children and adolescents. Overall, the evidence was in-

conclusive and varied depending on the study’s meth-
ods, appraised quality, the population included,

sociodemographic factors considered, tools used to
measure outcomes, and how such tools were used.

According to pooled estimates, no differences in oral

health (measured with the deft or DMTS indexes) were
found between children with lower or higher BMIs.

However, the pooled estimates of 6 of the 18 studies of
high or unclear quality showed that children with

Patiño-Marín et al 201828

Serrano-Piña et al 202031

Silva-Flores et al 201332

Vázquez-Nava et al 201033

22.2

18.7

19.9

22.4

Unclear

High

Unclear

High

Mean difference 
(95%CI)

Random-effects
model Weight, %Reference

Overall quality 
appraisal

Lower BMI categories Higher BMI categories

–1 –0.5 0 0.5 1 1.5–1.5

0.00 (–0.29, 0.29)

0.75 (0.10, 1.40)

0.70 (0.16, 1.24)

–0.80 (–1.07, –0.53)

0.12 (–0.59, 0.83)

Figure 3 Decayed extracted filled teeth index in primary teeth (deft) difference between children with lower or higher BMIs
(lower BMI categories, n 5 1904; higher BMI categories, n 5 1516; I2 5 92.37%). BMI, body mass index.

Adriano-Anaya et al 201418

Caudillo-Joya et al 201421

Serrano-Piña et al 202031

Silva-Flores et al  201332

Loyola-Rodríguez et al 201127

Juarez-Lopez et al 201025

Mean difference 
(95%CI)

Random-effects
model

Weight, %Reference
Overall quality 

appraisal

Unclear

Unclear

High

Unclear

Unclear

High

Higher BMI categories

–3 –2 –1 0 1

25.9

26.2

10.3

7.0

14.8

15.8

Lower BMI categories

–0.70 (–0.84, –0.56)

–0.30 (–0.41, –0.19)

–0.80 (–2.06, 0.46)

–1.76 (–2.80, –0.72)

–0.19 (–0.58, 0.20)

0.24 (–0.28, 0.76)

–0.42 (–0.74, –0.11)

Figure 4 Decayed Missing Filled Teeth Index in permanent teeth (DMFT) difference between children with lower or higher BMIs
(lower BMI categories, n 5 6999; higher BMI categories, n 5 4986; I2 5 85.92%). BMI, body mass index.
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higher BMIs (overweight or obesity) have worse oral

health (measured with the DMTF Index) than children
with lower BMIs (normal weight or underweight).

Some of the results of this review are in line with those
presented in a recent meta-analysis by Chen et al.9 For in-

stance, no significant differences were found among BMI
categories and oral health outcomes in primary teeth (deft
Index). Nevertheless, for permanent teeth (DMFT Index),

childhood overweight and obesity were related to poorer
oral health and caries. However, Chen et al9 suggested that

this association was only found in high-income countries
and did not include Mexican population data.

Some have suggested that nutrients such as
vitamin A, vitamin D, calcium, or phosphate play cru-

cial roles in teeth morphology, chemical composition,
and eruption patterns.37–40 Reduced consumption of

these nutrients may affect the susceptibility of teeth to
dental caries.41 Although some micronutrient deficien-

cies might be produced, in part, by behaviors
(eg, decreased outdoor activities because of social dis-

tress, which results in vitamin D deficiency), diet plays a
crucial role in vitamin and mineral deficiencies. It is es-

timated that vitamin D deficiency affects 26% of pre-
schoolers and approximately 37% of school-age

children in Mexico.42 Some suggest vitamin D intake is
low among Mexican children, and this vitamin defi-

ciency is also associated with overweight in school-age
children.42 Moreover, as shown in Figure 2, evidence

for these observations comes from different areas of
Mexico. The definition and composition of the diet

consumed in Mexico can vary according to the geo-
graphical region.43 Most of the country consumes maize

and cereals as a base, but consumption of fish, vegeta-
bles, and fruits depends on the area.43

Some speculative biological and biomolecular
causal pathways between BMI and oral health have

been defined.44 Some biomolecular theories suggest that
because of the infection caused by dental caries, chronic

inflammation can be present, affecting not only oral
health but also could be linked to other health issues
such as anemia, which could affect weight-related out-

comes.44 Physiological theories include a compromised
ability to bite or chew foods in the presence of worst

oral health or caries, which could lead to an altered
BMI, because teeth with more severe lesions may have a

higher impact while chewing and could affect the nutri-
tional intake of some children.44 Likewise, eating diffi-

culties are more commonly reported in children with
dental caries.45,46

The relation of body composition and oral health
outcomes among children and adolescent is complex

and multifactorial. Such a relationship may be bidirec-
tional, because both might be perceived as exposure or

outcome. It has been described that although

overweight and obesity shared some causal factors with

poor oral health outcomes (eg, high-sugar diets), there
seem to be more factors influencing this association.

Other studies have suggested that genetic or biological
factors,47 sedentary behaviors,48 socioeconomic sta-

tus,49,50 lower parental education levels,47 and food in-
security51 might determine the development of both
conditions (ie, obesity and poor oral health) in children.

Some methodological issues have also been
highlighted when studying the relationship between

obesity and oral health in children. For instance, age
and sex might influence the results.47,52,53 Because car-

ies indexes represent a cumulative disease status, older
groups may demonstrate a greater disease experience.

This might be influenced by the differences in diet
among age groups, the prevalence of dental caries over

time, and the exfoliation of primary teeth.54 The evi-
dence in Mexico was inconclusive within and

across different age groups (ie, �5 years, 6–12 years,
and 13–18 years).

Some of the included studies reported relevant data
from subanalyses. For instance, 1 study25 found no as-

sociation between BMI and the prevalence of caries.
However, when analyzing per sex, girls had a higher

risk of caries than did boys. Two other studies,18,26 sug-
gested that residence area (urban or rural) was associ-

ated with caries severity. In 1 study,30 children with
fewer economic resources had the worst oral health in-

dexes. One reported the worst oral health outcomes in
those adolescents with obesity and insulin resistance.27

Likewise, only 323,26,33 of the 18 studies considered
other lifestyles behaviors in the analysis. The authors of

the 3 studies agree that caries prevalence was strongly
associated with dietary (high-sugar consumption and

bottle feeding) and hygiene (tooth brushing) factors.
However, few included studies clarified if they adjusted

their analysis to relevant confounders or considered
other lifestyles in the analysis.

Furthermore, different obesity diagnosis standards
were used among included studies, with some not report-
ing the standards used to classify participants’ BMI. Some

studies reported using international references (eg, WHO
or International Obesity Taskforce), whereas others used

references relevant to Latin America or the Mexican re-
gion. Although some studies used similar references, the

cutoffs differed among some studies, as shown in Table 2.
This is a major limitation, considering that the BMI classi-

fication and diagnosis of overweight or obesity could differ
among references and alter the correlation with dental

health. A systematic review and meta-analysis by Hayden
et al55 showed a significant association between obesity

and dental caries when the BMI for age and sex percentile
(using Centers for Disease Control and Prevention stand-

ards) were reported and no significant associations when
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z-scores (WHO standards) were reported. Nevertheless, in

the analysis, those children and adolescents in the 2 high-
est BMI categories were considered, regardless of the an-

thropometric reference, similar to previous meta-
analyses.9

Some other limitations of the present review in-
clude heterogeneity among included observational stud-
ies. For instance, a variety of tools were used to measure

oral health (eg, deft, DMTS, DMTF indices), sample
sizes (range, 40–6230 participants), and the quality ap-

praisal across studies (only 55.5% were high quality). In
addition, studies reported different age groups, data

were presented for both girls and boys (only 1 study
provided data per sex), and obesity was diagnosed with

a mix of national and international BMI classification
references, as we discussed previously. Consequently,

insufficient studies were available to conduct a sub-
group analysis. Also, the retrieved evidence was from

8 of 32 states in Mexico, so the results did not present a
nationwide picture. This is relevant, considering that

some lifestyles (eg, diet) might vary depending on the
geographic region and setting (urban vs rural).

This work’s strengths include an exhaustive search
for evidence across 13 databases and 1 search engine

performed in 2 languages, which helped us capture rele-
vant publications. As part of the COMO project, an ex-

tensive search for gray literature was conducted, but no
relevant information about oral health among Mexican

children was identified.12 This is important because re-
cent meta-analyses and reviews have not considered

data from Mexican children or adolescents.5,8,9,56

Mexico had led the implementation of different na-

tionwide strategies to tackle obesity among the general
population, which might also affect oral health outcomes.

For instance, Mexico recently introduced a 1 peso/L excise
tax on sugar-sweetened beverages.57,58 More recently,

implementing a front-of-pack labelling system has been
achieved.59 Still, effective and targeted efforts to identify

vulnerable populations are needed in Mexico. In addition,
different organizations, including WHO and the British
Society of Paediatric Dentistry, are calling for more coor-

dinated efforts to tackle both oral health issues (eg, caries)
and obesity.60,61 Although whether an association exists

between BMI and oral health among Mexican children
and adolescents remains inconclusive, health professionals

involved in young people’s care should consider individ-
ual, family, and environmental factors that might affect

dental health and unfavorable BMI, because these are
likely to have shared trails, such as diets with a high sugar

content. More evidence is available on interventions to
prevent62 or treat63 obesity among Mexican children and

adolescents. However, understanding how development,
dental caries, and nutritional status are linked could in-

form broader risk factor–based preventive strategies.

Doing so could facilitate collaborative and multidiscipli-

nary approaches among public health, nutrition, clinic,
and dental specialists involved in children’s and adoles-

cents’ care.

CONCLUSION

Although whether there is an association between oral

health and high BMI in Mexican children and adoles-
cents remains inconclusive, both conditions (ie, poor

oral health and high BMI) coexist in this population.
Therefore, health promotion and prevention efforts

should address common risk factors and social determi-
nants of broader risk shared with a number of other

noncommunicable diseases.
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