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Is obesity associated with
tooth loss due to caries? A
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Aim: To investigate the association between obesity,
overweight, and tooth loss due to caries among university
students of (Federal University of Pelotas) in southern Brazil.
Methods: A cross-sectional study with all first-year students
who regularly enrolled in the first semester of 2016 who
were invited to respond to a self-administered questionnaire
contain socioeconomic and demographic; psychosocial; oral
health; behavioral questions. The body mass index (BMI) was
calculated through the self-reported data of weight and height.
The main outcome of the present study was determined
by the person's that answer having had at least one tooth
extracted due to caries. A Poisson regression using a backward
stepwise procedure was performed. Two models were tested:
i) including socioeconomic and behavioral variables; ii) without
behavioral variables. Results: From 3,237 eligible students,
2,089 (64.5%) participated in the present study. Almost 23%
of students presented overweight and 8.4% obesity, whereas
362 individuals (17.5%) reported having had at least one tooth
extracted due to caries. Regarding the final model adjusted
by behavioral variables, it was observed that obese university
students presented a 32.0% higher prevalence of tooth loss
(PR=0.32,CI95%[1.17-1.49]). However, overweight was not
associated with tooth loss in the present sample. When the
model was not associated with behavioral variables, overweight
was associated with tooth loss (PR=1.44; CI95%[1.15-1.81)),
just as obesity (PR=2.13; Cl95%[1.63 — 2.78]). Conclusions:
Obesity and overweight were associated with tooth loss due to
caries in the present sample of university students.

Keywords: Epidemiology. Tooth loss. Dental caries. Obesity.

http://dx.doi.org/10.20396/bjos.v19i0.8661088 1


https://orcid.org/0000-0002-3695-0361
https://orcid.org/0000-0001-5773-2745
https://orcid.org/0000-0002-0548-0109
https://orcid.org/0000-0002-0127-7832
https://orcid.org/0000-0002-2433-8298
https://orcid.org/0000-0001-9558-937X
https://orcid.org/0000-0003-2276-491X
https://orcid.org/0000-0002-1797-3541

Chisini et al.

Introduction

Obesity is a health disturb featured by fat surplusage due to unhealthy eating habits,
sedentary lifestyle, genetic, social, and behavioral aspects, which affects people’'s quality
of life in many ways'. This disorder is frequently associated with comorbidities such as
hypertension, osteoarthritis, certain types of cancer and diabetes, and caries?**. Accord-
ing to the World Health Organization (WHO), obesity is increasing worldwide, affecting
both developed and developing countries™s. From an economic perspective, obesity is
also an impairment owing to great direct medical expenditure and drugs’ costs's.

The diet of individuals is a determinant in obesity occurrence, mainly due to the high
levels of lipids, carbohydrates and sugars intake®. Similarly, studies have presented solid
evidence of the role of sugar consumption on dental caries experience’® which is a
common cause of obesity*$, and can culminate in tooth loss. In this way, systematic
reviews have reported contradictory results between the association of obesity and
dental caries, mainly based on children and adolescents samples*®. Mainly, studies that
investigate the association between caries and obesity were performed with children®'3,

A recent study showed an elevated prevalence of obesity among university students™.
Few studies report how obesity correlates with caries and tooth loss in the undergrad-
uate population, which is relevant considering the high prevalence of overweighed stu-
dents™. Oppositely to studies that report the relation between periodontal disease and
overweight, which already have concise results in literatures, the possible association
between tooth loss due to caries and obesity is not well established yet®'91817 Thus, the
purpose of this study was to investigate if there is an association between obesity and
tooth loss due to caries among university students in southern Brazil. The present study
hypothesizes that obesity and overweight are associated with tooth loss.

Materials and methods

The present study was reported following the recommendation of Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) for cross-sectional studies. Full details
concerning the methods of the present study’s baseline have been published previously'®°.

Ethical issues

The institution (UFPel) and Research Ethics Committee of the School of Medicine / UFPel
approved this study under protocol 49449415.2.0000.5317.

Setting and study design

A cross-sectional analytical study was carried out with students from Federal Univer-
sity of Pelotas (UFPel). The sample consisted of students that joined the university in
the first semester of 2016, excluding distance learning courses (626 students). The
average new enrollments of UFPel by semester is 3,000 students. Thus, we applied a
self-reported questionnaire with first-year students of UFPel. Previously, a pilot ques-
tionnaire was tested in other students (n=100 from the second semester) from five
courses selected randomly. The official questionnaire was improved after the pilot
and the meantime spent to answer was 20 minutes.
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Participants (eligible and non-eligible participants)

All students regularly enrolled in the first semester of 2016 at UFPel composed the
eligible sample. First-year students were searched in their respective academic units
with the authorization of academic directors and professors. The questionnaires were
applied before or after lessons, respecting professors’ preference. Students that were
not regularly enrolled in the course and students from distance learning courses were
excluded from the sample.

Data collection

The fieldwork team was composed of undergraduate and graduate students under
the supervision of Professors of UFPel Dental School. The participants were part
of the oral health epidemiology study group (EpiBucal). The questionnaire was con-
structed in the EpiBucal meetings. The final questionnaire was self-administered
designed, presented 74 multiple-choice questions which were divided into 5 wide
blocks: 1) Socioeconomic and demographic; 2) Psychosocial; 3) Oral health; 4) Behav-
ioral of oral health; 5) Drugs use.

Outcome

The outcome of the present study was the self-report of tooth loss due to caries. The
individual answered if he or she had at least one dental extraction due to dental car-
ies, in the question: "Have you ever had a tooth extracted because it was affected by
caries?” Yes or No were the possible answers.

Exposure

The body mass index (BMI) was calculated using the self-report of current weight (in
kilograms) and height (in meters). These variables were assessed as continuous and
were posteriorly converted to categorical, as recommended by the World Health Orga-
nization criteria®®. The BMI is defined as the weight divided by the square of the height
(kg/m?). The established cut-off points® were the following: a) Eutrophic (BMI <25);
b) Overweight (BMI between 25 and 30); and ¢) Obesity (BMI>30.0).

Confounding/mediator variables

Two models were used to analyze the data. The first was considering the socioeco-
nomic variables and the second model was controlled by socioeconomic and behav-
ioral variables (stress and symptoms of depression). Regarding the socioeconomic
variables, systematic reviews have reported that age, income, skin color, and sex are
important confounders in the association of obesity and dental caries*®. Theoretically,
stress and depression symptoms could be considered confounders and mediators of
the relationship between BMI and tooth loss because they present a reciprocal link?'.
In other words, stress and depression can be considered as confounders because
are associated with BMI?' and with dental caries'? and can be considered mediators
because a decrease of BMI can decrease the risk of depression???® and depression
could influence tooth loss? (Figure 1). Therefore, we excluded behavioral variables
from the second analysis considering this possibility.
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Block 3
Body Mass Index
(Overweight and Obsity)

Outcome
Tooth Loss

Figure 1. Theoretical model for analysis of association of overweight and obesity with tooth loss due to caries.

Sociodemographic variables were collected in the first block of the questionnaire. The
sex of the participants was asked, as the age of individuals, which was categorized
in < 18, 19 to 34, and 35 or more. Skin color variable was collected according to the
Brazilian Institute of Geography and Statistics (IBGE) as white, light-black, dark-black,
yellow, American Indian. They were categorized in white and non-white (light-black,
dark-black, yellow, American Indian). Family income was collected categorically in
Brazilian Reals (BRL): (a) up to 500; b) 501 up to 1,000; c) 1,001 up to 2,500; d) 2,501
up to 5,000; e) 5,001 up to 10,000; and f) more than 10,001) and stratified in three cat-
egories: a) = 1,000; b) 1,001 to 5,000 and c) = 5,001 Brazilian Reals.

Also, we have performed control in the second model by behavioral variables: symp-
toms of depression and stress. Symptoms of depression were assessed with Patient
Health Questionnaire-2 (PHQ-2), an abbreviated version of the Patient Health Ques-
tionnaire Depression (PHQ-9) used for depression screening. The PHQ-2 is comprised
of two questions about the frequency of depressive mood over the past two weeks.
The PHQ-2 score ranges from 0 to 6 points and a cutoff of 3 was adopted. The stress
level was measured with a modified version of the Perceived Stress Scale (PSS). The
ten questions referred to the past month and present five answer options on a Likert
scale (from score 1 to 5). Higher scores corresponded to an elevated level of stress
and the variable was categorized in quartiles.

Statistical methods

Statistical analysis was performed with the software Stata 16.0 (Stata Corporation,
College Station, TX, USA). Relative and absolute frequencies and the respective confi-
dence interval of 95% (CI95%) of each variable of interest were estimated. The use of
Poisson regression models for binary outcomes has been proposed and extensively
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applied in the last decade because it provides the estimation of prevalence or risk
ratios instead of the odds ratio provided in the logistic model. We have chosen the
multivariate Poisson model because the odds ratio can overestimate prevalence or
risk ratio, complicating results interpretations. Also, Poisson regression with robust
variance provides correct estimates for the analysis of binary outcomes and the prev-
alence or risk ratio is easier to interpret than the odds ratio. Moreover, independent
variables were included in the multivariate model according to a theoretical model
described in Figure 1.

Variables with p values < 0.250 in the crude analyses were included in the adjusted
model fitting. A backward stepwise procedure was used to include or exclude explan-
atory variables in the model fitting. Variables included in the final adjusted model
should present a p-value of < 0.250. For the final model, variables were considered
significant if they had a p-value of < 0.05 after adjustments. Prevalence ratios (PR)
were obtained for tooth loss and effect measure was estimated with 95% confidence
intervals (Cl 95%).

Results

A total of 3,237 students enrolled in the university were considered eligible for the
study. From these, 2,118 (65.4%) students were found and invited to participate in the
present study, since 34.6% of students did not attend classes for three consecutive
weeks and were considered as losses. Further, 2,089 (64.5%) individuals agreed to
participate in this study, assigning the consent term. Only 29 students (1.4%) did not
agree to participate in the study.

The majority of the sample (54.0%) was between 19 and 34 years old and 71.4% of stu-
dents had a family income ranging from 1,001.00 to 5,000.00 BRL (Table 1). Regard-
ing the behavioral variables, we observed that the most stressed students (22.9%)
presented scores of the Perceived Stress Scale ranging from 22 to 40, and around
16.3% of students presented depressive symptoms. Besides, almost 23% of students
were overweighed and 8.4% were obese. Also, 362 individuals (17.5%) reported having
had at least one tooth extracted due to caries (Table 1).

Table 1. Description of the general characteristics of the sample (n=2,089). Brazil, 2016

Variable/Category n %
Sex
Male 993 47.7
Female 1,087 52.3
Age (years)
<18 777 37.4
19to 34 1,125 54.0
=235 178 8.6
Skin Color
White 1,530 74.8
Non-white 515 252

Continue
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Continuation

Family income (BRL)

<1000 280 16.3

1001 to 5000 1,057 61.6

> 5001 380 22.13
Depression symptoms

No 1,743 83.7

Yes 339 16.3
Stress (quartile)

1 (PSS scores 0-11) 550 26.3

2" (PSS scores 12 - 16) 571 27.3

3 (PSS scores 17 — 21) 489 23.4

4 (PSS scores 22 - 40) 479 22.9
Body Mass Index

Eutrophic 1,387 68.8

Overweight 460 22.8

Obesity 169 8.4
Tooth Loss due to caries

No 1,710 82.5

Yes 362 17.5

In table 2, the crude and adjusted prevalence ratio for the association of body mass
index and tooth loss due to caries is displayed. In the final model adjusted by behav-
ioral variables, obese university students presented a 32.0% higher prevalence of
tooth loss (PR = 0.32, ClI95% [1.17 — 1.49]). However, overweight was not associated
with tooth loss in this model (PR = 1.07; CI95% [0.91 - 1.13]). When the model was
not associated by behavioral variables, overweight was associated with tooth loss
(PR =1.44; CI95% [1.15 — 1.81]) just as obesity (PR = 2.13; CI95% [1.63 — 2.78)).

Table 2. Crude (°) and adjusted (%) prevalence ratio (PR) for association of body mass index and tooth loss
control by independent variables. Pelotas, RS, Brazil. Poisson Regression (n=1902). Brazil, 2016.

Variable/Category PR°(CI95%) p-Value PR®'(CI95%) p-Value PR®(CI95%) p-Value
Sex (ref=Male) 0.702 - 0.231
Female 0.98 (0.900 - 1.07) - 1.13(0.92 - 1.38)
Skin Color (ref=white) 0.009 0.009 0.181
Non-white 1.13(1.03 - 1.24) 1.13(1.03 - 1.24) 0.85(0.68 - 1.07)
Age (years) (ref=16to 17) 0.972
18to 24 1.05(0.93-1.19)
2510 34 1.01(0.85 - 1.21)
35 or more 1.02(0.84-1.22)
Family income (ref= < 1000) 0.069 - <0.001
1001 to 5000 0.98(0.87 - 1.11) - 1.93(1.35-2.7)
5001 0.88 (0.75 - 1.02) 2.85(1.98 - 2.70)
Continue
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Continuation

Depression symptoms

(ref=No) 0.001
Yes 1.18(1.07 - 1.31)

Stress (quartile)

(ref=1st - PSS scores 0 = 11) <0.001 <0.001
2 (PSS scores 12— 16)  1.19(1.05 - 1.35) 1.19(1.05 - 1.35)
34¢(PSS scores 17 - 21)  1.27 (1.12 - 1.44) 1.26 (1.11 - 1.44)
44 (PSS scores 22 - 40)  1.30(1.15-1.48) 1.29(1.13 - 1.46)

Body Mass Index

(ref= Eutrophic) 0.001 0.001 <0.001
Overweight 1.01(0.91-1.13) 1.01(0.91-1.13) 1.44(1.15-1.81)
Obesity 1.32(1.16 - 1.49) 1.32(1.17 - 1.49) 2.13(1.63 - 2.78)

alincluded behavioral variables in the model; 22behaviorall variables were not included in the model

Discussion

Tooth loss and obesity are significant health issues, affecting an elevated number of
individuals worldwide'. The previous studies that evaluate the relationship between
obesity and tooth loss have only considered the periodontal disease as a causal fac-
tor for tooth loss, disregarding losses due to caries'™?®. In the present study, it was
hypothesized that tooth loss due to caries can be influenced by obesity or overweight.
In the examined sample of university students, obese individuals presented a higher
prevalence of tooth loss due to caries and overweight individuals only showed this
association when the model was not adjusted by behavioral variables, possibly due to
a mediator effect of depressive symptoms.

The main explanation of the connection between tooth loss due to caries and obesity
is the highly cariogenic diet of obese individuals mainly in industrialized countries®.
Beyond a lipid-rich diet, obese individuals frequently have a sugar and carbohydrate-rich
diet?, which is a prominent factor for the development and proliferation of caries®. Also,
some studies have demonstrated that a decrease of salivary flow is observed in individ-
uals with a body mass index higher than 25?”. Thus, a decrease of salivary flow can be
observed in obese individuals, potentially increasing the progression of caries and con-
ducting to tooth loss. This occurs because of the low-grade and generalized inflamma-
tion caused by obesity, which influences immune mediators such as proinflammatory
cytokines®. The cytokines and the hypothalamic—pituitary—adrenal axis can modulate
the central nervous system function and decrease the salivary flow?.

The relation between caries and obesity is not well established, considering the conflicting
results, maybe because BMI cannot distinguish fat mass, muscle, and bone mass®01617,
However, this is a simple and accessible tool for obesity and overweight measurement,
employed in most epidemiological studies. When the etiological factors of the disease are
not treated, a progression of caries is expected?’, which can lead to tooth loss.

Systematic reviews have presented conflicting results regarding the presence of a
positive association between obesity and dental caries®*® and the studies have not
investigated the relationship between obesity or overweight and tooth loss due to car-
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ies. Generally, the studies have investigated the association of BMI with DMFT-index
and not considered only the tooth loss due to caries?” %4, A study carried out in Chile
considered only the decayed teeth, not those restored or extracted due to caries, and
have not observed association with obesity®®. On the other hand, our study included
only tooth loss and did not include decayed teeth. Therefore, we included in our out-
come the most severe caries experience and its factor could be responsible for dif-
ferences observed among the studies. Corroborating, Silva et al.® related that both
methods of diagnosis (to BMI and caries) probably influenced the results observed in
the review: i.e., some studies used more sensible to diagnosis caries as interproximal
radiography®®®’; and all studies included in the systematic review® used BMI to mea-
sure obesity/overweight, but using different cut-offs. These findings indicate that the
way in which obesity criteria are measured can be an important factor in the study’s
conclusions. Similarly, different adjustments in analytical models could be another
important factor observed in the results of studies®.

In the present study, we tested two analytical models. In the first, we considered the
possibility of behavioral variables (stress and depression) having confounders of the
association between obesity/overweight and tooth loss, and observed that only obe-
sity was associated, possible due to a mediation effect. On the other hand, when the
analysis was not adjusted by symptoms of depression, both obesity and overweight
were associated with tooth loss. Considering that the present study is cross-sectional
and this is not the best design to investigate mediation variables, we did not explore
possible mediation effects. Therefore, further studies with longitudinal design could
be addressed to investigate this gap and explore the causal mechanism.

Although several variable adjustments were performed for the present analysis, we did
not conduct diet intake control, being this one of the main frail points of the present
study. In addition, the use of self-reported measures could be over or underestimated, as
this is a subjective measurement. However, university students are barely investigated
in the literature, consisting of an interesting sample for studies although it presents
different features compared to the general population. Thus, extrapolation of the results
to the general population must be avoided. Moreover, the self-reported oral health mea-
surement used in the present study can vary in data accuracy compared to objectively
measured data®. However, this approach is a valid tool widely used in epidemiologic
studies, which promotes ease and quickness, aiming to reduce the time of examination
and lowering the costs®4°. Beyond that, it is important to consider a probable underes-
timation of BMI, mainly in overweight and obese participants*#2. A significant number
of eligible students did not participate in the study, although field teamwork returned
for three consecutive weeks in classrooms. Thus, the losses were mainly caused by
the impossibility of the location of individuals in their respective classrooms. However,
similar questionnaire-based studies also showed this difficulty®.

Regardless, the present study evaluated a wide sample of individuals and presented
control by socioeconomic and behavioral factors, being the first to evaluate psycho-
social variables with the present outcome. Most of the studies found in the litera-
ture evaluate the association of obesity and tooth loss due to periodontal disease?.
Nevertheless, the relationship between obesity and tooth loss due to caries is poorly
investigated and was positively associated with the present study.
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Therefore, obesity and overweight were associated with tooth loss due to caries in the
present sample of university students. Overweight lost the association when the anal-
ysis was adjusted by behavioral variables. These findings suggest underlining causal
mechanisms that can be explored in further studies, preferably carried out with a lon-
gitudinal design. Moreover, further studies could explore the bidirectional effects of
the association of obesity and tooth loss.

Compliance with Ethical Standards
Conflict of interest: The authors declare that there is no conflict of interest.

Ethical approval: All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its subsequent
amendments, or comparable ethical standards.

Informed consent: Informed consent was obtained from all individuals participating in
the study or their legal responsible (<18 years).
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