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Abstract 
Background: Obesity is a prevalent chronic condition affecting children and adults worldwide, and it seems to 
influence the timing of tooth eruption. The aim of this study was to assess the as-sociation between weight status 
at age 12 and the eruption of permanent teeth at ages 12 and 14-15 among schoolchildren from southern Brazil.
Material and Methods: A cross-sectional survey was conducted in Porto Alegre, southern Brazil, and included a 
representative sample of 1,528 12-year-old schoolchildren. After 2.5 years, 801 individuals were reexamined. Ba-
seline data collection included a questionnaire, the record-ing of anthropometric measures (height and weight), and 
clinical examination to register the number of erupted permanent teeth. At follow-up, the eruption stage of second 
perma-nent molars was recorded. Statistical analysis used Poisson regression.
Results: Overweight and obese individuals were 32% and 88% more likely to have com-plete permanent denti-
tion at age 12, respectively (overweight, PR=1.32, 95%CI=1.13-1.55; obese, PR=1.88, 95%CI=1.75-2.02). Obese 
12-year-olds were more likely to present erupt-ed #17, #27, #37, and #47 at age 12 and to present completely erup-
ted second molars at age 14-15 than normal weight ones.
Conclusions: This population-based study found a significant association between over-weight/obesity at age 12 
and early tooth eruption at ages 12 and 14-15 among schoolchil-dren from southern Brazil.
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Introduction
The eruption of permanent teeth is a continuous, orderly, 
sequential, and age-specific biological process, in which 
the teeth emerge through the jaws and overlap the muco-
sa to enter the oral cavity (1,2). Some factors can exert 
influence on eruption patterns including sex, genetics, 
ethnicity, geographical location, hormonal factors, so-
cioeconomic status, nutrition, and growth (3).
In addition to these factors, previous literature has sug-
gested that obesity may be associated with early tooth 
eruption. The systematic review by Mohamedhussein et 
al. (4) evaluated the body of evidence on the relations-
hip between obesity and eruption of permanent molars 
in children under 16 years of age as compared to nor-
mal-weight children (4). After assessing six cross-sec-
tional studies (5-9) and one longitudinal survey,11 the 
authors concluded that a positive correlation between 
overweight/obesity and earlier tooth emergence can be 
noted from the existing literature; however, main risk of 
bias arises from the cross-sectional nature of included 
studies and lack of control of potential confounders. The 
only longitudinal study assessing this relationship avai-
lable in the literature was conducted by Sánchez-Pérez 
et al. in a convenience sample of 88 Mexican children 
(10). Therefore, further high-quality evidence is requi-
red to elucidate this association, mainly derived from 
longitudinal studies. 
After the cited systematic review, other studies were 
published with conflicting results. While some authors 
found that increased body weight was associated with 
early tooth eruption and advanced dental age (11-14), 
others revealed contradictory evidence, such as lack 
of association (15) or an inverted relationship (16). 
Paz-Cortez, 2022 when evaluating a sample of patients 
between 4-14 years old, showed that body mass index 
(BMI) did not influence tooth eruption (15). In the same 
way, tooth eruption was delayed with increasing BMI in 
Indian children aged 6-7 years (16).
Considering the need for further evidence and the scar-
city of longitudinal studies on this topic, the aim of this 
study was to assess the association between weight sta-
tus at age 12 and the eruption of permanent teeth at ages 
12 and 14-15 among adolescents from southern Brazil. 
This knowledge is clinically relevant considering the 
prevention of dental caries and malocclusions at target 
ages.

Material and Methods
-Study design and sample
Initially, a representative sample of the population of 
12-year-old schoolchildren from Porto Alegre, sou-
thern Brazil was selected using a multistage probability 
sampling strategy. The primary sampling unit consisted 
of five geographical areas organized according to the 
municipal water fluoridation system. Within each area, 

the schools were randomly selected proportional to the 
number of private and public schools (42 schools: 33 
public and 9 private). 
Schoolchildren born in 1997 or 1998 were then randomly 
selected proportional to the school size. The parameters 
used for the sample calculation were caries prevalence 
of 60%,12 (17) with a precision level of ±3% for the 
95% confidence interval, and assuming a design effect 
of 1.3. The minimum sample size required for this study 
was 1,331 school-children. A nonresponse error of 40% 
was added, and a final sample size of 1,837 was es-ti-
mated. The original sample included in the cross-sec-
tional study was composed of 1,528 12-year-old school-
children. After a mean period of 2.5 years (SD=0.3), it 
was possible to reexamine 801 schoolchildren (14.8±0.5 
years old), representing 52.4% of the sample initially 
examined, as show in Figure 1. Baseline characteristics 
of followed schoolchildren were compared with tho-
se lost to follow-up and no significant difference was 
observed regarding sex, skin color, socioeconomic sta-
tus, weight status, type of permanent dentition (p>0.05, 
chi-square test) and number of permanent teeth (p<0.05, 
Wald test).
-Data collection 
Baseline data collection was carried out from Septem-
ber 2009 to December 2010. A structured questionnaire 
containing questions on socio-demographic information 
was sent to the parents/legal guardians of the selected 
students. 
Anthropometric measures (weight and height) were co-
llected by a single researcher (NDT) and used to assess 
schoolchildren’s weight status. Weight was measured 
using a 150 kg digital scale, and two readings were 
made. A third assessment was taken if a difference >0.3 
kg was observed between measurements. The mean of 
the two closest measurements was used to calculate 
BMI. Height was measured to the nearest full centimeter 
using an inelastic metric tape attached to a flat wall with 
no footer. The students were wearing light clothing and 
no shoes. 
Clinical examination was conducted at the schools. With 
the students in a supine po-sition and under artificial li-
ght, a single examiner (NDT) recorded the number of 
erupted permanent teeth. A tooth was defined as having 
erupted when any part of the crown has perforated the 
oral mucosa and was clinically visible. No radiographic 
examination was performed.  
Follow-up clinical examinations were performed be-
tween August 2012 and May 2013 by another examiner 
(CDB). Schoolchildren were reexamined at the schools, 
follow-ing the same protocol previously described. The 
eruption stage of second permanent molars was recor-
ded as follows: 1) occlusal surface partially erupted; 2) 
occlusal surface fully erupted, but more than half of the 
tooth buccal surface was covered with gingival tissue; 
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Fig. 1: Study flowchart.

3) the occlusal surface fully erupted, and less than half 
of the tooth buccal surface was covered with gingival 
tissue; and 4) full occlusion (18).
-Data analysis
The primary outcome of this study was type of denti-
tion, defined as mixed (children presenting at least one 
deciduous tooth), incomplete permanent (children pre-
senting only per-manent teeth, up to 27 erupted teeth), 
or complete permanent (children presenting 28 erup-
ted permanent teeth). For the risk assessment analysis, 
type of dentition was converted into a binary variable 
defining the presence of complete permanent dentition 
(mixed/incomplete permanent versus complete perma-
nent). Secondary outcomes were the number of erupted 
permanent teeth, the presence of erupted second molars 
at age 12, and the complete eruption of second molars 
at age 14-15.
BMI-for-age Z-scores were calculated using specific 
software (AnthroPlus, WHO, Geneva, Switzerland). 
BMI-for-age Z-score is a measure of the standard devia-
tion (SD) away from standardized mean BMI. It is con-
sidered one of the most appropriate measures of weight 
in children and adolescents because it accounts for the 
wide, natural variation in growth. Using cutoffs recom-
mended by the WHO, (19) the sample was categorized 
as fol-lows: normal weight (BMI-for-age Z-score ≤ +1 
SD), overweight (BMI-for-age Z-score > +1 SD to ≤ +2 
SD), or obese (BMI-for-age Z-score > +2 SD). 

Skin color was dichotomized as white and non-white. 
Socioeconomic status was as-sessed according to the 
standard Brazilian economic classification, and families 
were classi-fied as low (≤ 13 points), mid-low (≥ 14 to≤ 
22 points), mid-high (≥ 23 to≤ 28 points) or high (≥ 29 
points) socioeconomic status.
Data analysis was performed using survey commands 
that took into account the survey design, including clus-
tering, weighting, and robust variance estimation. Gi-
ven this discrepancy between the study participants and 
non-respondents, a weighted variable based on informa-
tion provided by the Primary Education School Census 
of 2010 was used in the statistical analysis to minimize 
non-response bias. Statistical analysis was performed 
using STATA software (Stata 14.2 for Windows; Stata 
Corporation, College Station, TX, USA) and the level of 
significance was set at 5%.
Preliminary analysis comparing the type of dentition 
and the number of erupted permanent teeth by catego-
ries of sex, skin color, socioeconomic status, and weight 
status was performed using the chi-square test and the 
Wald test, respectively. 
The association between predictor variables and the 
presence of complete perma-nent dentition was asses-
sed using Poisson regression models. Unadjusted and 
adjusted prev-alence ratios (PR) and their 95% confi-
dence intervals (CI) were estimated. Weight status was 
considered the main predictor variable. Sex, skin color, 
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and socioeconomic status were included in the adjusted 
model as controlling variables. 
Poisson regression models were also used to assess the 
association between weight status at age 12 and (i) the 
presence of erupted second permanent molars at age 
12 and (ii) the complete eruption of second permanent 
molars at age 14-15. In both analyses, unad-justed and 
adjusted analyses were performed, as previously des-
cribed.
-Ethical aspects
The study protocol was approved by the Federal Uni-
versity of Rio Grande do Sul Research Ethics Commi-
ttee (299/08) and by the Municipal Health Department 
of Porto Alegre Re-search Ethics Committee (process 
n° 001.049155.08.3/register n° 288 and process nº 
001.028618.12.2/register nº 807). All participants and 
their parents/legal guardians provid-ed written informed 
consent.

Results
Table 1 shows the sample distribution, type of dentition, 
and the number of erupted permanent teeth at the age 
12 by predictor variables. Among the 1,528 schoolchil-
dren, 952 (62.3%) had permanent dentition whereas 
576 (37.7%) had mixed dentition. This school-children 
population had an average of 24.5 (95%CI=23.7-25.3) 

                                                n (%) Type of dentition N permanent teeth
Mixed Incomplete 

permanent
Complete 

permanent
p* Mean (95% CI)

Sex <0.001
Male 770 (50.4) 324 (42.1) 230 (29.9) 216 (28.0) 23.8 (22.8-24.8)a

Female 758 (49.6) 252 (33.3) 208 (27.4) 298 (39.3) 25.2 (24.6-25.8)b

Skin color <0.001
White 1,065 (69.7) 444 (41.7) 290 (27.2) 331 (31.1) 24.2 (23.1-25.4)a

Non-white 463 (30.3) 132 (28.5) 148 (32.0) 183 (39.5) 25.1 (24.7-25.5)a

Socioeconomic status 0.94
High 141 (9.2) 54 (38.3) 38 (27.0) 49 (34.7) 24.5 (23.5-25.5)a

Mid-high 358 (23.4) 129 (36.0) 100 (28.0) 129 (36.0) 24.7 (24.1-25.4)a

Mid-low 871 (57.0) 335 (38.5) 252 (28.9) 284 (32.6) 24.4 (23.7-25.2)a

Low 158 (10.4) 58 (36.7) 48 (30.4) 52 (32.9) 24.2 (23.0-25.3)a

Weight status <0.001
Normal 986 (64.5) 409 (41.5) 300 (30.4) 277 (28.1) 24.0 (23.1-24.9)a

Overweight 335 (21.9) 110 (32.8) 98 (29.3) 127 (37.9) 25.1 (24.3-25.8)b

Obese 207 (13.6) 57 (27.6) 40 (19.3) 110 (53.1) 25.9 (25.1-26.8)c

TOTAL 1,528 (100) 576 (37.7) 438 (28.7) 514 (33.6) 24.5 (23.7-25.3)

Table 1: Sample distribution, type of dentition, and the number of erupted permanent teeth at age 12 by predictor variables 
(n=1,528 – baseline assessment).

*Chi-square test.
Different letters indicate a statistically significant difference between categories using Wald test (p<0.05). Estimates were cal-
culated taking into account the survey design. 
CI=confidence interval.

erupted permanent teeth, ranging from 11 to 28. It was 
observed a significant gradient among weight catego-
ries, with increasing proportion of individuals with per-
manent dentition and increasing number of erupted per-
manent teeth with increasing weight status. Significant 
differences were also found for sex and skin color, with 
girls and non-white schoolchildren showing permanent 
dentition more often than boys and white ones. Girls had 
also a significant higher number of erupted permanent 
teeth. No relationship was found with socioeconomic 
status. 
Table 2 shows the association between predictor varia-
bles and the presence of complete permanent dentition at 
age 12. Overweight and obese individuals were 32% and 
88% more likely to have complete permanent dentition 
at age 12 than normal weight schoolchil-dren, respec-
tively (overweight, adjusted PR=1.32, 95% CI=1.13-
1.55; obese, adjusted PR=1.88, 95% CI=1.75-2.02). The 
inclusion of other variables in the adjusted models had a 
negligible effect on the estimates. In addition, significant 
associations were found for sex (girls) and skin color 
(non-white).
The association between weight status and the presen-
ce of erupted second perma-nent molars at age 12 is 
shown in Table 3. The proportion of erupted second per-
manent molars increased as the weight status increased 
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Unadjusted Adjusted
                                                PR 95% CI p* PR 95% CI p*

Sex
Male 1.00 1.00
Female 1.41 1.32-1.50 <0.001 1.44 1.33-1.56 <0.001

Skin color
White 1.00 1.00
Non-white 1.26 1.05-1.51 0.01 1.30 1.03-1.63 0.02

Socioeconomic status
High 1.00 1.00
Mid-high 1.03 0.86-1.23 0.77 1.00 0.84-1.18 0.98
Mid-low 0.94 0.73-1.20 0.60 0.91 0.68-1.23 0.54
Low 0.95 0.77-1.16 0.61 0.96 0.75-1.23 0.76

Weight status
Normal 1.00 1.00
Overweight 1.33 1.18-1.51 <0.001 1.32 1.13-1.55 0.001
Obese 1.84 1.73-1.95 <0.001 1.88 1.75-2.02 <0.001

Table 2: Association between predictor variables and the presence of complete permanent dentition at age 12 (n=1,528 
– baseline assessment).

*Poisson regression.
PR=Prevalence ratio; CI=Confidence interval.

Unerupted Erupted p* Unadjusted Adjusted£

PR (95% CI) p** PR (95% CI) p**
#17 <0.001
Normal 532 (54.0) 454 (46.0) 1.00 1.00
Overweight 140 (41.8) 195 (58.2) 1.25 (1.17-1.34) <0.001 1.24 (1.15-1.34) <0.001
Obese 57 (27.5) 150 (72.5) 1.55 (1.45-1.67) <0.001 1.58 (1.46-1.72) <0.001
#27 <0.001
Normal 532 (54.0) 454 (46.0) 1.00 1.00
Overweight 144 (43.0) 191 (57.0) 1.23 (1.09-1.38) <0.001 1.21 (1.05-1.39) 0.01
Obese 53 (25.6) 154 (74.4) 1.61 (1.53-1.69) <0.001 1.62 (1.53-1.72) <0.001
#37 <0.001
Normal 385 (39.0) 601 (61.0) 1.00 1.00
Overweight 96 (28.7) 239 (71.3) 1.16 (1.05-1.27) 0.01 1.15 (1.04-1.26) 0.01
Obese 37 (17.9) 170 (82.1) 1.33 (1.25-1.41) <0.001 1.34 (1.26-1.42) <0.001
#47 <0.001
Normal 383 (38.8) 603 (61.2) 1.00 1.00
Overweight 85 (25.4) 250 (74.6) 1.21 (1.16-1.26) <0.001 1.20 (1.16-1.25) <0.001
Obese 34 (16.4) 173 (83.6) 1.34 (1.26-1.42) <0.001 1.35 (1.29-1.41) <0.001

Table 3: Association between weight status and the presence of erupted second permanent molars at age 12 (n=1,528 – baseline assess-
ment).

*Chi-square test.
**Poisson regression. 
£Estimates are adjusted for sex, skin color, and socioeconomic status.
PR=Prevalence ratio; CI=Confidence interval.
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(p<0.001). In both unadjusted and adjusted analysis, the 
weight status was significantly associated with the pre-
sence of erupted teeth #17, #27, #37 and #47. Overwei-
ght and obese schoolchildren were consistently more 
likely to have erupted second permanent molars. As 
shown in Table 4, the proportion of school-children with 
completely erupted second permanent molars at age 14-
15 increased as the weight status at age 12 increased 
(p≤0.05). Obese 12-year-old schoolchildren were more 
likely to present completely erupted #17, #27, #37 and 
#47 at age 14-15 than their counterparts with normal 
weight. 

Incomplete 
eruption

Complete 
eruption

p* Unadjusted Adjusted£

PR (95% CI) p** PR (95% CI) p**
#17 0.02
Normal 58 (11.3) 457 (88.7) 1.00 1.00
Overweight 14 (7.7) 168 (92.3) 1.04 (0.99-1.09) 0.14 1.04 (0.99-1.10) 0.11
Obese 3 (2.9) 101 (97.1) 1.09 (1.04-1.14) <0.001 1.10 (1.05-1.16) <0.001
#27 0.05
Normal 48 (9.3) 467 (90.7) 1.00 1.00
Overweight 11 (6.0) 171 (94.0) 1.03 (0.99-1.08) 0.14 1.04 (0.99-1.08) 0.13
Obese 3 (2.9) 101 (97.1) 1.07 (1.02-1.12) 0.01 1.07 (1.02-1.12) 0.01
#37 0.01
Normal 91 (17.7) 424 (82.3) 1.00 1.00
Overweight 22 (12.1) 160 (87.9) 1.07 (0.99-1.14) 0.05 1.07 (1.00-1.15) 0.04
Obese 4 (3.9) 100 (96.1) 1.17 (1.10-1.23) <0.001 1.18 (1.11-1.25) <0.001
#47 0.01
Normal 84 (16.3) 431 (83.7) 1.00 1.00
Overweight 23 (12.6) 159 (87.4) 1.04 (0.98-1.12) 0.20 1.05 (0.98-1.12) 0.15
Obese 4 (3.9) 100 (96.1) 1.15 (1.09-1.21) <0.001 1.16 (1.10-1.23) <0.001

Table 4: Association between weight status at age 12 and the complete eruption of second permanent molars at age 14-15 (n=801 – follow-up 
assessment).

*Chi-square test.
**Poisson regression. 
£Estimates are adjusted for sex, skin color, and socioeconomic status.
PR=Prevalence ratio; CI=Confidence interval.

Discussion
This population-based study was conducted to investi-
gate whether the weight status at age 12 could influence 
the eruption of permanent teeth at ages 12 and 14-15 
among school-children from southern Brazil. Our main 
finding was that overweight and obese school-children 
consistently had an earlier eruption of permanent den-
tition than normal weight ones, irrespective of the out-
come assessed. To the best of our knowledge, this is the 
first population-based study addressing this issue.
According to the World Health Organization (WHO), 
overweight and obesity are defined as a condition of 
abnormal or excessive fat accumulation in adipose tis-

sue and over 340 million children and adolescents aged 
5 to 19 years were overweight or obese in 2016 (20). 
The biological mechanisms explaining the association 
between obesity and early tooth eruption is not well un-
derstood (4). Obesity is characterized by the presence of 
inflammato-ry reactions, increased cytokines, exposure 
to androgens and stimulation of gonadotropin secre-
tion, triggering puberty (21). This way, obesity during 
childhood may influence pu-bertal onset time and sex 
hormone levels, (22) mainly among girls. In addition, 
obesity leads to metabolic changes, such as increased in-
sulin secretion and growth factor, which can also play a 

role in the early tooth eruption (23). A recently published 
review brought some light on the orchestra of genes and 
molecules that possible may help to elucidate the mo-
lecular mechanisms linking obesity and tooth eruption 
(11). 
We found a positive association between obesity and 
early tooth eruption, which is in agreement with studies 
conducted in Jordan, Hong Kong, Czech Republic, EUA, 
India, Spain and Brazil (5-7,9). The systematic review 
by Mohamedhussein et al. (4) showed the association 
between obesity and eruption time of first and second 
permanent molars in chil-dren under 16 years of age, 
and indicated that obese 12-year-olds were more likely 
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to have one more erupted tooth than their counterparts. 
A limitation of this review is that the major-ity of the 
included studies used a cross-sectional design, thus im-
peding conclusions on the causative relationship. In the 
only longitudinal study available in the literature, after 
as-sessing data from 88 Mexican children that remained 
in the follow-up, the authors detected a higher eruption 
rate as the children’s BMI increased over time. In addi-
tion, overweight children had about five more perma-
nent teeth than children in the thin group (21.6 versus 
15.9, respectively) (10). In the present study, we found 
that obese schoolchildren were more likely to have com-
plete permanent dentition and erupted second molars at 
age 12 as well as completely erupted second molars at 
age 14-15, supporting the previous literature. 
Our results are in disagrement with those showed by 
Anu, 2020 who showed that tooth eruption was delayed 
with an increase in BMI (16). However, these results 
are based on a significant correlation between BMI and 
eruption status of permanent mandibular cen-tral inci-
sors. The same correlation was not found when perma-
nent mandibular molars were considered. In the same 
way, Paz-Cortez 2022 showed that BMI category did not 
influence tooth eruption among children betweem 4 and 
14 years of age (15). 
In this study, sociodemographic factors such as sex 
and skin color were significantly associated with early 
eruption. As previously shown by other studies investi-
gating the relationship between obesity and tooth erup-
tion,(5,7,9) we also found that girls had significant-ly 
more erupted permanent teeth than boys, being 44% 
more likely to have complete per-manent dentition at 
age 12 than boys (adjusted PR=1.44, 95% CI=1.33-1.56, 
p<0.001). This is a conceivable finding since girls tend 
to be more advanced over boys in many aspects of grow-
th and development, such as appearance of calcification 
centers, epiphyseal union, and appearance of secondary 
sexual characteristics; and the same occurs with dental 
maturity, in terms of both calcification (24) and erup-
tion (25). Another finding was that non-white chil-dren 
were 30% more likely to have complete permanent den-
tition at age 12 than those of white skin color (adjus-
ted PR=1.30, 95%CI=1.03-1.63, p=0.02). Although this 
relationship has not been well understood, it has been 
previously found in other studies (7,8,26,27).
When permanent teeth erupt earlier in overweight/obe-
se children, they will be at a high risk for caries deve-
lopment sooner than normal-weight children. In this 
context, it is important to emphasize that the eruption 
stage of first and second permanent molars has been re-
cognized as a major risk period for caries development 
(12,28,29), which can be attributed to the long eruption 
stage of these teeth, 28 and to the greater  plaque ac-
cumulation that occurs in partially erupted molars than 
in fully erupted molars (12,28). Further-more, overwei-

ght/obese children may need orthodontic intervention 
sooner than normal weight ones, and the timing of as-
sessment for orthodontic treatment needs may require 
modification in this sort of patients, as discussed by Mo-
hamedhussein et al. (4). Therefore, knowledge on the 
accelerated dental maturation and early tooth eruption 
among over-weight/obese children is clinically relevant 
for the dental profession, mainly for paediatric dentists 
and orthodontists.
In conclusion, this population-based study found a sig-
nificant association between overweight/obesity at age 
12 and early tooth eruption at ages 12 and 14-15 among 
school-children from southern Brazil. This finding was 
consistently found at both time points (baseline and fo-
llow-up) and irrespective of the outcome used to inves-
tigate such associa-tion (number of erupted permanent 
teeth, the presence of complete permanent dentition, the 
presence of erupted second molars at age 12, and the 
complete eruption of second mo-lars at age 14-15).
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