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Abstract

Background WHO calls to end the global oral health crisis, as oral diseases impact more people than all other
noncommunicable diseases (NCDs) combined. Obesity, a global epidemic, is the fifth leading cause of death
worldwide. Both caries and obesity substantially contribute to the global NCDs burden and share common risk
factors including commercial determinants of health. However, the relationship between caries and obesity has
been inconsistently reported and it has been suggested that sex may play a role. Therefore, the aim of this study was
to investigate the sex-specific association between body mass index (BMI) and dental caries in a national sample of
Lithuanian adults and early elderly, adjusting for common risk factors.

Methods The study was based on data from the Lithuanian National Oral Health Survey (2017-2019), comprising
a stratified random sample of 1405 adults aged 34-78 from major cities and suburban/rural areas. Information on
sociodemographic factors, health-related behaviors, height, and weight was collected using the WHO Oral Health
Questionnaire, BMI index was calculated and categorized per WHO criteria. Caries experience was assessed at a
surface level and recorded as intact, decayed, missing, or filled surfaces. The count of decayed-, missing-, and filled
surfaces (D;MFS), and counts of individual components, namely, the total numbers of decayed surfaces (D59), filled
surfaces (FS) and missing teeth (MT) were also recorded. Negative binomial regression analyses were conducted.
Ratios of means (RMs) with 95% confidence intervals (Cl) for the associations were estimated, accounting for the
natural logarithm of age and common risk factors.

Results The study included 886 (67%) females, mean age 55.2 (SD 11.7) years and 441 (33%) males, mean age 54.0
(SD 12.1) years. Males with obesity had an average of 37% more missing teeth (adjusted RM 1.37;95% Cl 1.01, 1.85),
and males with overweight had an average of 41% fewer D5S than normal-weight males (adjusted RM 0.59; 95%
C10.39, 0.86). Overweight females had an average of 33% and obese 74% more missing teeth than normal-weight
females (adjusted RM 1.33;95% Cl 1.10, 1.61 and adjusted RM 1.74; 95% Cl 1.43, 2.15, respectively). Moreover, obese
females had an average D;MFS that was 14% higher than normal-weight females (adjusted RM 1.14; 95% Cl 1.05, 1.24).
The crude inverse associations between obesity and FS in females disappeared after the adjustment for common risk
factors.
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Noncommunicable diseases

Conclusion Sex-specific associations between caries and overweight/obesity were observed. The associations
were stronger and more pronounced in females, with a notable BMI-related gradient in tooth loss. Some sex-specific
associations diminished after adjusting for the common risk factors, partly supporting the common risk factor
approach. Our findings may inform gender- and sex-responsive public health strategies simultaneously targeting
overweight/obesity and caries. Future studies should confirm our findings, including a more comprehensive set of
common risk factors and performing sufficiently powered age-stratified sex-specific analyses.
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Background

The World Health Organization (WHO) calls to end
the global crisis of oral health: 3.5 billion people suffer
from oral diseases, and these impact more people than
all other noncommunicable diseases (NCDs) combined
[1]. Caries is the most prevalent oral disease, which is
also considered the most prevalent NCD globally [2, 3].
Obesity is considered a global epidemic with steadily
increasing prevalence worldwide and globally is the fifth
leading risk factor for deaths. Obesity is associated with
various health conditions such as diabetes and cardio-
vascular diseases [4]. Despite being largely preventable,
dental caries and obesity are linked to social inequalities
and pose a major public health challenge, substantially
contributing to the global burden of NCDs. Importantly,
the direct and indirect costs of dental caries and obesity
impose a substantial economic burden on both individu-
als and societies [5—7]. Oral diseases, like other NCDs,
arise from common risk factors such as lifestyle and diet.
These risk factors, along with the commercial influences
driving unhealthy behaviors, e.g., marketing of sugary
products, are ultimately shaped by broader social deter-
minants. Social factors—like income, education, and
access to care—create the environment in which com-
mercial and individual lifestyle factors operate, under-
scoring the interconnected nature of these determinants
in driving oral and other NCDs outcomes [8]. Therefore,
the integration of oral diseases into general NCDs pre-
vention and health promotion frameworks might con-
tribute to their reduction.

Although dental caries and obesity share common
risk factors, evidence regarding their association across
the life course is inconsistent [9]. In adults, the litera-
ture regarding the association between obesity and car-
ies is scarce and inconclusive. One systematic review
included only studies from the Kingdom of Saudi Arabia
and found two studies reporting positive and two stud-
ies finding only a non-significant association between
caries and obesity; these studies were evaluated as hav-
ing from low to moderate risk of bias [10]. Several single
studies also reported inconsistent relationships between
overweight/obesity and caries. A positive association
was found in Moroccan, Saudi, and South Korean adult
studies when adjusting for several sociodemographic and

behavioral determinants. However, in Australian adults,
after adjusting for social and dietary factors, an asso-
ciation between caries and obesity was not confirmed.
Another South Korean study demonstrated an inverse
association, however, this association was not adjusted
for diet, one of the main common risk factors for both
caries and obesity [11-15]. It has been suggested that
this inconsistency may be due to varying socio-cultural
contexts across different populations, biological varia-
tion including genetics, lifestyle and diet behaviors, and,
to some extent, differences in methodological approaches
[16]. Additionally, only a few European studies are avail-
able with a focus on young adults or females. A Swedish
study showed that caries experience was higher in over-
weight/obese 20-year-olds compared to normal-weight
peers [17] and a Finnish study found that normal-weight
conscripts had lower rates of untreated caries and caries
experience [18]. Another Swedish female study demon-
strated an adjusted association between the lower num-
ber of teeth (<20) and higher body mass index (BMI)
[19].

Sex has been suggested as a modifier of health and
disease through two primary pathways: (i) biological
mechanism such as genetics, epigenetics and hormones
affecting physiology, diseases susceptibility and mani-
festation, and (ii) socio-behavioral mechanism in which
constructs of gender influence behaviors of individuals
and communities [20]. Even though sex-stratified data
in literature is scarce, globally, sex-differences in health-
related behaviors and disease prevalence have been dem-
onstrated. For example, males had higher prevalence of
smoking, lower rates of health care utilization, and higher
prevalence of hypertension and diabetes while females
had higher prevalence of obesity [21]. In Norway, links
between caries and obesity exhibited sex-specific pat-
terns, predominantly social factors manifesting among
adolescent males [22]. Sex-disaggregated data may help
to identify sex-specific patterns of health outcomes and
health inequalities informing gender- and sex-respon-
sive public health interventions [23]. To the best of our
knowledge, evidence of sex-specific associations between
dental caries and overweight/obesity in adults is limited.

Dental caries is highly prevalent in Lithuania and
Lithuania has been ranked as the 3rd European country
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having the highest prevalence of overweight with notable
social inequalities and sex-differences observed in distri-
bution of these conditions [24—26]. Although integrating
oral diseases into national NCD prevention and health
promotion frameworks in Lithuania may help reduce
their prevalence, there is a lack of evidence supporting an
association between the two conditions.

Therefore, the aim of this study was to investigate the
sex-specific association between BMI and dental caries in
a national sample of Lithuanian adults and early elderly,
adjusting for common risk factors.

Methods

Study design and participants

This study is based on the cross-sectional Lithuanian
National Oral Health Survey (LNOHS) conducted from
2017 to 2019. LNOHS included a random sample of 1405
34-78-year-old adults from 5 biggest Lithuanian cities
and 10 randomly selected suburban/rural areas, one from
each of 10 Lithuanian counties (response rate 53%) [27,
28]. This data formed the basis for the study’s secondary
analysis.

Questionnaire

The self-administered World Health Organization
(WHO) Oral Health Questionnaire for Adults, supple-
mented with additional questions (addQ), was used to
collect information on sociodemographic characteristics
(age in years and sex), common social risk factors (years
of education, and urban or suburban/rural residence),
and health-related behaviors, including diet (sugar-con-
taining diet, refined carbohydrates and starch-contain-
ing diet [addQ)]), oral hygiene practices (tooth brushing
frequency), and self-reported height and weight (addQ)
[29]. The questionnaire was translated into Lithuanian
language and back to English by two independent per-
sons, and minor inconsistencies were subsequently cor-
rected. The questionnaire was pilot-tested in 10 adults
who were not part of the main study, subsequently, the
questionnaire was slightly revised, where needed. For the
diet assessments, the participants were asked to indicate
the frequency of consuming 10 different groups of foods
and drinks (jam/honey, sugar-sweetened chewing gum,
candies, sugar-sweetened beverages, tea with sugar and
coffee with sugar, cookies, cakes, pasta/rice and pota-
toes). The response options to choose from were as fol-
lows: 1 indicated ‘rarely/never; 2 ‘several times a month,
3 ‘once a week; 4 ‘several times a week; 5 ‘every day, and
6 ‘several times a day. Sugar-containing diet consump-
tion frequency score was composed of summed first six
items. Refined carbohydrates and starch-containing diet
consumption frequency score included four items (cook-
ies, cakes, pasta/rice and potatoes) and was calculated
in the same way. The higher score indicated a higher
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consumption frequency of those foods and drinks. Oral
hygiene was assessed by tooth brushing frequency ‘twice
a day or more’ and ‘once a day or less.

Body mass index (BMI) was calculated using the for-
mula BMI=body weight (kg)/height (m?. BMI was
categorized into four groups based on the WHO crite-
ria: underweight (<18.5 kg/m2), normal weight (18.5—
24.9 kg/m2), overweight (25.0-29.9 kg/m2) and obesity
(230.0 kg/m2) [30].

Dental caries

Dental clinical examination was performed according
to the recommendations of WHO Oral Health Survey
Basic Methods, using a Community Periodontal Index
(CPI) periodontal probe, and an oral mirror [29]. Clini-
cally visible dental caries was registered at a dentine level
following the WHO criteria [29]. The status of tooth sur-
faces was recorded either as intact, decayed, missing or
filled and third molars were excluded from this registra-
tion. The count of decayed-, missing-, and filled surfaces
(D3MES), and counts of individual components, namely,
the total numbers of decayed surfaces (D;S), filled sur-
faces (FS) and missing teeth (MT) were also recorded.
One trained and calibrated examiner (IS) performed all
dental examinations. The intra-examiner agreement was
based on duplicate recordings in a sample of 10 randomly
selected individuals and the corresponding values were
100% for DS, 99% for MT and 100% for ES.

Statistics

The SPSS version 25 (IBM, Armonk, NY, USA) was used
for statistical analyses. The level of significance was set
at p<0.05. Mean and standard deviation (SD) were cal-
culated for continuous variables and frequencies for cat-
egorical variables. Likelihood ratio test for categorical
and one-way ANOVA with LSD post-hoc test for contin-
uous variables were used to compare participants from
different BMI categories in Table 1. One-way ANOVA
with LSD post-hoc test compared mean differences of
D;MFS, DS, FS and MT values between four BMI cat-
egories (refer to Figs. 1 and 2.). To examine sex-specific
association between the independent variable BMI and
dependent variable caries (D;MFS, DS, FS and MT), due
to overdispersion, negative binomial regression analyses
stratified by sex were used. The natural logarithm (LN) of
age was used as an offset variable to account for different
observation periods, ensuring age-adjusted comparisons.
Due to the low number, participants in the underweight
group were excluded from the univariable and multivari-
able analyses. In addition, participants with missing data
were excluded from the multivariable analyses. Crude
ratio of means (crude RM) and adjusted RM (adRM) with
their 95% confidence intervals (CI) were calculated [31].
To obtain adRM, the association between the D;MFS
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Table 1 Distribution of common risk factors for dental caries and overweight/obesity stratified by the body mass index categories
among the study participants (n=1327)

Characteristics Males Females

BMI Under Normal Over Obese Under- Normal Over- Obese
weight weight weight n=117 weight weightn=341 weightn=288 n=245
n=2 n=133 n=189 n=12

n (%) 2(100) 133(100) 189(100) 117(100) 12(100) 347(100) 288 (100) 245 (100)

Age, years 665(2.12) 528(123° 533(118)° 563 438 50.8 (11.7)%d 57.0 (10.6)2<d 596

(mean (SD)) (12.0)® (11.5)2b<d (10.3)2<d

n (%) 2(100) 133(100) 189(100) 117(100) 12(100) 341(100) 288 (100) 245 (100)

Education, years (mean (SD)) 155(07) 146(33) 150(33) 140(33) 183 15.7 (3.1)2b<d 146 (3.2)°%° 142

(2.2 (3.0

Residence n (%) 2(100) 133 (100) 189 (100) 117(100) 12(100) 3471(100) 288 (100) 244 (99)

Urban 2(100) 108 (81) 151 (80)3 87 (74) 12 (100)* 249 (73)* 192 (67)* 154 (63)*

Suburban/rural 0(0) 25(19) 38 (20) 30 (26) 0(0) 92 (27) 96 (33) 90 (37)

n (%) 1(50) 101(76) 146 (77) 80 (68) 11(92) 272 (80) 205 (71) 169 (69)

Sugar-containing diet score 10 (10) 165 (5.8 150 (5.0) 150 (52)° 154 (6.6) 14.2 (4.9)%0 13.1 (4.9)° 13.0

(mean (SD)) (44r

n (%) 0(0) 107(80) 153(81) 96 (82) 12(100) 277 (81) 220 187

RCS-containing diet score - 13.7 3.2 13.0(3.3) 126 (3.1 14727 129(33)° 124 (3.5)? 12.1

(mean (SD)) (3.2)°¢

n (%) 2(100) 133 (100) 187(99) 117(100) 12(100) 339(99) 287(99) 244 (99)

Brushing frequency n (%)

>Twice a day 1 (50) 49 (37) 68 (36) 27 (23) 8 (67)* 224 (66)* 161 (56)* 120 (49)*

<Once a day 1(50) 84 (63) 119 (64) 90 (77) 4(33) 115 (34) 126 (44) 124 (51)

BMI body mass index, RCS refined carbohydrates and starch-containing diet, SD standard deviation.

n (%) indicates the number of participants who had recorded value for this variable. Mean (SD) are presented for continuous and frequencies for categorical

variables.

P-values <0.05 from likelihood ratio tests comparing categorical variables across BMI categories within each sex are marked with an asterisk (*).

P-values<0.05 from one-way ANOVA with LSD post-hoc tests for continuous variables are indicated by letters; BMI categories within each sex sharing the same

letter differ significantly

index, its components and BMI categories was adjusted
for covariates, i.e., pre-selected common risk factors,
namely, education, residence, sugar-containing diet score,
refined carbohydrates and starch-containing diet score,
and tooth brushing frequency. McFadden’s R?, which is a
pseudo R?, was calculated for multivariable models. The
analytical strategy and the assumed relationship between
variables used in the analyses are presented by a directed
acyclic graph (DAG) (Supplementary Fig. 1). DAG was
included to guide the selection of covariates for adjust-
ment in the analysis: BMI (independent variable) and
caries (outcome) with adjusted common risk factors as
confounders (in white) and unadjusted other variables (in
grey). Statistical interactions between outcomes and age
were examined, and the subgroup analyses were stratified
by age (WHO suggested cut-off point of 65 years) since
there are indications that age may modify the associa-
tions [10-15].

Results

Participant characteristics

The study sample consisted of 886 (67%) females, mean
age 55.2 (SD 11.7) years, and 441 (33%) males, mean age
54.0 (SD 12.1) years, who had complete registrations of

study outcomes (caries experience), height and weight.
Obese males were older than normal-weight or over-
weight participants, they had lower sugar-containing
diet, and refined carbohydrates and starch-containing
diet scores (Table 1). In females, there was observed older
age of participants, less years of education, lower rates of
urban residence and lower rates of brushing twice a day
with higher BMI category. In addition, sugar-containing
diet, and refined carbohydrates and starch-containing
diet scores seemed to decrease with higher BMI category
(Table 1).

In males, the mean D;MFS was 70.6 (SD 38.9), mean
D,S - 4.6 (SD 8.9), mean FS — 23.4 (SD 18.8) and mean
MT - 6.5 (SD 7.2), and in females the corresponding
values were 80.7 (SD 35.5), 2.3 (4.7), 34.4 (20.3) and 6.3
(6.9). Among participants, there were 12 (3%) males and
20 (2%) females who were edentulous. The distribution of
D;MES index and its components by BMI categories are
presented in Figs. 1 and 2.

Sex-specific association between caries and body mass
index

In males, after the adjustment for common risk factors,
the inverse association between overweight and D,S
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Fig. 1 Caries experience by body mass index (BMI) groups among male participants (n=441). Mean values with standard deviations (SD) are shown
separately for each component of caries experience: decayed surfaces (D5S), filled surfaces (FS), missing teeth (MT), and total caries experience (D;sMFS).
Within each caries experience component, BMI groups sharing the same letter differ statistically significantly (p < 0.05) according to one-way ANOVA with
LSD post-hoc tests. For example, the DsMFS score differed statistically significantly between underweight and overweight males (indicated by the letter

‘a’) and between overweight and obese males (indicated by the letter'b’)

(adjusted RM (adRM) 0.59; 95% CI 0.39, 0.86), and the
positive association between obesity and MT remained
significant (adRM 1.37; 95% CI 1.01, 1.85) (Table 2). This
indicates that male participants with overweight had an
average of 41% fewer DS, and those with obesity 37%
more MT compared to participants with normal weight.
In females, the associations between overweight, obe-
sity and MT (adRM 1.33; 95% CI 1.10, 1.61 and adRM
1.74; 95% CI 1.43, 2.15, respectively) were significant
and suggested a MT gradient across overweight and
obesity groups. The positive association between obe-
sity and D;MFS was also observed (adRM 1.14; 95% CI
1.05, 1.24), indicating that female participants with obe-
sity had a mean decayed, missing or filled surfaces that
was 14% higher compared to those with normal weight.
The crude significant inverse association between obesity
and FS disappeared after the adjustment for common risk
factors (Table 3). Age seemed to modify the associations
(interaction terms p<0.05). Age-stratified adjusted sub-
group analyses indicated significant inverse association
between overweight, obesity and D;S (adRM 0.53, 95%
CI 0.35, 0.81 and adRM 0.57 (0.35, 0.93, respectively)
only in males<65 years age (Supplementary Table 1). In
females, significant associations were observed between
obesity and D;MFES (adRM 1.14; 95% CI 1.03, 1.26) and
between overweight, obesity and MT (adRM 1.31; 95%

CI 1.05, 1.64 and adRM 1.81; 95% CI 1.43, 2.30, respec-
tively) also only in age group <65 years (Supplementary
Table 2).

Discussion

The main finding of the current cross-sectional study
was the sex-specific associations between overweight/
obesity and dental caries; in females the observed asso-
ciations were between caries experience, tooth loss and
overweight/obesity, while in males untreated caries was
inversely associated with overweight and tooth loss was
associated with obesity. In addition to a stronger and
more pronounced association between tooth loss and
BMI in females than males, we observed missing teeth
gradient in overweight and obese female participants.
The other finding was that some sex-specific crude asso-
ciations between caries and BMI diminished after adjust-
ing for common risk factors, therefore our results partly
support common risk factor approach.

Acknowledging the complexity of the relationship
between caries and BMI, we adopted a common risk
factors approach, encompassing not only health-related
behaviors common to both conditions but also a broader
spectrum of social risk factors. Even after the adjust-
ment for common risk factors, a significant association
between tooth loss and BMI persisted. This finding was
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Fig. 2 Caries experience by body mass index (BMI) groups among female participants (n=886). Mean values with standard deviations (SD) are shown
separately for each component of caries experience: decayed surfaces (D5S), filled surfaces (FS), missing teeth (MT), and total caries experience (D;sMFS).
Within each caries experience component, BMI groups sharing the same letter differ statistically significantly (p < 0.05) according to one-way ANOVA with
LSD post-hoc tests. For example, the D;MFS score differed statistically significantly between underweight, overweight and obese females (indicated by
the letter a), between normal-weight, overweight and obese females (indicated by the letter b), and between overweight and obese females (indicated

by the letter c)

common for both sexes and was in line with the system-
atic review, including only cross-sectional studies, which
demonstrated bi-directional association between tooth
loss and obesity [32]. One possible explanation for this
finding may be that individuals with tooth loss, which
leads to reduced masticatory function, change their diet;
it has been previously demonstrated that tooth loss was
associated with lower diet quality, i.e., increased carbohy-
drate consumption and reduced intake of other nutrients
[33]. Possibly, diet choices including soft processed food,
rich in saturated fats may lead to overweight and obe-
sity. On the other hand, a systematic review of longitu-
dinal studies suggested that there was no strong evidence
that tooth loss influenced changes in diet and nutrition
[34]. Dietary preferences particularly for sugar- and/or
starch-containing foods may contribute to the concomi-
tant development of dental caries and overweight or obe-
sity as unhealthy diet is a recognized common risk factor
[35, 36]. Our results are in contrast to recent studies from
Australia and Brazil which found that the association
between tooth loss and obesity was no longer significant
after adjusting for confounders, with sugar consumption
also identified as a key factor [14, 37]. These inconsis-
tencies may be related to differences in methodology or
socio-cultural contexts.

This study found an independent association between
caries and obesity even after the adjustment for our
selected shared risk factors. Although we accounted
for key health-related behaviors such as diet and oral
hygiene, as well as social determinants like education
and place of residence in the analyses, it is important to
acknowledge the potential influence of additional unmea-
sured common risk factors, including social, psychoso-
cial, environmental factors and biological predisposition
[38, 39] that may confound the observed associations. For
example, income as a proxy for socioeconomic position
was not included in the present study. Future research
examining the relationship between dental caries and
obesity should incorporate a comprehensive set of poten-
tial confounding variables to ensure more accurate and
reliable findings. Regarding genetics, it has been shown
that salivary protein salivary a-amylase coding gene,
amylase alpha 1, copy number, was associated with dental
caries and obesity [40, 41]. Future studies could also test
genetical biomarkers as potential common risk factors.

In our study, the association between tooth loss and
general obesity was stronger in females with a gradient
of increasing tooth loss observed across those with over-
weight and obesity. The association between tooth loss
and obesity may be influenced by the choice of adiposity
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Table 3 Ratios of means (RM) and their 95% confidence intervals (Cl) for the association in females (n=595) between decayed-,
missing- and filled-surfaces index, its components and body mass index categories according to univariable (crude RM) and
multivariable (adjusted RM) negative binomial regression analyses with the natural logarithm (LN) of age as an offset variable to
account for different observation times. Statistically significant associations (p <0.05) are marked in bold

Outcomes Crude RM Adjusted RM  Crude RM Adjusted RM  Crude Adjusted  Crude Adjusted
95% CI 95% Cl 95% CI 95% Cl RM RM RM RM
95% Cl 95% CI 95% Cl 95% Cl
Decayed;Mis- Decayed, Filled surfaces Missing teeth
singFilled Surfaces
Surfaces
Body Mass Index
-Normal weight (reference category)
-Overweight 1.06(0.99,1.13) 1.04(0.96,1.13) 1.06(0.81,1.40) 1.20(0.86,1.66) 0.89(0.80, 096(0.84, 1.38(1.19, 133(1.10,
1.01) 1.11) 1.62) 1.61)
-Obese 1.12(1.05,1.20) 1.14(1.05,1.24) 1.22(092,1.62) 1.03(0.73,147) 0.77(0.68, 0.87(0.74, 1.78 (151, 1.74(143,
0.87) 1.01) 2.08) 2.15)
Education 0.99(0.98,0.99) 0.99(0.98,1.01) 0.94(0.90,098) 0.97(0.93,1.02) 1.05 1.04 091 0.92
(1.03,1.06) (1.02,1.06)  (0.89,093) (0.89,0.95)
Residence
-Suburban/rural (reference category)
-Urban 0.96 (0.89,0.99) 0.96(0.89,1.03) 0.77 (0.60,0.99) 0.82 (0.60, 1.13(1.02, 1.08(095  0.76(0.66, 0.80(0.67,
1121 1.26) 1.24) 0.88) 0.96)
Sugar-containing diet score  1.01 (0.99,1.01) 1.01(1.00,1.02) 1.02(0.99,1.04) 1.01(0.98,1.04) 1.01(0.99, 1.01(0.99, 1.01(0.99, 1.01(0.99,
1.02) 1.02) 1.02) 1.03)
RCS-containing diet score 1.00 (0.99, 1.01) 0.99(0.98,1.01) 1.02(0.98,1.05 1.03(0.98,1.08) 1.01(0.99, 1.01(0.99, 0.98 (0.96, 0.98(0.95,
1.03) 1.03) 1.01) 1.01)
Brushing frequency
->Twice a day (reference category)
-<Once a day 1.08(1.02,1.14) 1.05(0.98,1.13) 1.63(1.29,2.06) 129(0.96,1.73) 0.87(0.79, 094(0.83, 135(1.18, 1.20(1.02,
0.96) 1.07) 1.54) 142)
McFadden’s R? 0.339 0.363 0.334 0.387

RCS refined carbohydrates and starch

measure, with studies showing that central obesity (mea-
sured by waist-hip ratio) is more strongly associated with
tooth loss in females, while general obesity (measured
by BMI) shows a stronger association in males — pat-
terns that may reflect sex-specific impact of adiposity on
inflammatory responses such as periodontal disease and
consequently tooth loss [37, 42]. In our study the specific
cause of tooth loss could not be confirmed, and it could
be that teeth were missing also due to periodontal dis-
eases. In the present study we used BMI, which is known
to have limitations to indicate sex-related adiposity dif-
ferences [43], therefore, future research should incorpo-
rate both general and central adiposity measures to more
accurately assess their respective sex-specific associations
with dental caries. Our result of more pronounced asso-
ciation between tooth loss and BMI in females is in line
with another longitudinal Brazilian study that found gen-
eral obesity was linked to tooth loss, but only in females
[44]. The relationship between tooth loss, obesity and sex
is complex and may be influenced by both biological and
socio-behavioral factors associated with being female,
many of which are recognized risk factors for tooth loss
and obesity [45].

In the present study, caries experience was associ-
ated with obesity only in females. This finding may be
explained by the higher caries experience rates observed
in females than males in our population, and the differ-
ence was primarily attributed to a greater number of
missing teeth [24].

Our study showed that males with overweight, on aver-
age, had fewer teeth with untreated caries compared to
normal-weight male participants. In general, it has been
suggested that males tend to ignore their oral health,
have worse oral health-related behaviors and less fre-
quent dental visits [46] which may result in higher rates
of untreated caries compared to females also observed in
our study. Our finding of the inverse association between
overweight and untreated caries in males most likely
could be linked to socio-behavioral mechanism. Previous
research in Lithuania has shown that higher socioeco-
nomic position is associated with increased BMI in males
[25]. In our study, overweight male participants had
fewer untreated surfaces. This may indicate that males
with higher socioeconomic position are more likely to
be overweight and also more likely to have better health-
related behaviors, resulting in less untreated caries.
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We observed inverse crude association between den-
tal restorations and obesity in females. The initially sig-
nificant crude association was no longer present after
adjusting for common risk factors suggesting that it was
attributed to these social and health-related behavioral
confounders. Common social risk factors and health-
related behaviors seem to be the primary contributors to
both conditions. This finding supports the common risk
factor approach, emphasizing the need to address dental
caries and overweight/obesity as interrelated conditions
influenced by shared determinants. Caries prevention
should be integrated into systemic non-communicable
disease management strategies to enhance the effective-
ness of public health strategies and alleviate the overall
burden of non-communicable diseases [47]. Implemen-
tation of common strategies should address also com-
mercial determinants of health and span from individual
to global levels, including individual (such as modifying
health-related behaviors, e.g., counseling on reducing the
frequency of free sugars and education campaigns), soci-
etal (e.g., reducing accessibility and creating safe environ-
ments, such as workplaces/schools not serving foods/
drinks containing added sugar), national (e.g., imple-
menting health policies, such as sugar taxation, front-of-
package labeling, regulating marketing and advertising),
and global (e.g., supporting research for non-communi-
cable disease prevention strategies) interventions, with
a specific emphasis on reducing health inequalities [48].
For example, following the implementation of alcohol
taxation in Lithuania, educational inequalities in all-
cause mortality decreased by 18% among males and 14%
among females [49]. Although modest, this intervention
demonstrated sex-differences in responsiveness. To effec-
tively reduce sex-specific health inequities in obesity and
dental caries, and maximize the impact of interventions
simultaneously targeting both conditions, it is important
to identify sex-specific association between overweight/
obesity and different dimension of caries disease. This
knowledge can inform gender- and sex-responsive public
health strategies.

The present study revealed the modifying effect of age
on associations between BMI and caries. The results
from the sub-group analyses showed significant associa-
tions between caries and BMI only in the age group <65
years. This could be explained by cumulative exposure
to risk factors, or differences in health behaviors over
time, such as fluoride exposure history. Caries experi-
ence index becomes saturated with increasing age due to
its cumulative nature, making it less sensitive. Another
explanation could be the smaller sample size in the older
age group, which may have resulted in an underpowered
analysis. Our findings are in line with the Swedish study
reporting the association between tooth loss and obe-
sity also only in younger age group (<60 years) [50]. This
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result was explained by potentially reduced masticatory
function in elderly and related weight loss attenuating the
association. A UK study in participants>65 years dem-
onstrated an association between lower number of teeth
and obesity, while edentulous participants were more
likely to be underweight [51]. In our study, edentulous
participants were also included, but none of them were
in the underweight group (data not shown). Future stud-
ies exploring age-specific associations should also include
age-stratified analyses and ensure sufficiently powered
sample sizes.

This study analyzed a national sample of Lithuanian
adults aged between 34 and 78 years, of whom almost
two-thirds were either overweight or obese and exhibited
high rates of dental caries experience. The present study
had a cross-sectional design with its inherent limitations.
Information on common risk factors and BMI was self-
reported. Dietary information was collected using the
WHO questionnaire, supplemented with additional ques-
tions on refined carbohydrates and starch-containing
foods. Dietary intake was not assessed using food record
forms, which are considered to be a more valid method
for collecting dietary information. Therefore, the pos-
sibility for recall bias, misclassification of dietary intake,
and underestimation of prevalence of overweight/obesity
cannot be ruled out. Summing ordinal variables depict-
ing diet frequency to create a continuous composite
score was chosen for simplicity reasons implicitly assum-
ing equal weighting and spacing between ordinal levels.
Education and residence represented broader social com-
mon risk factors, however, data about income were not
available. Edentulous participants were included in this
study. This may have inflated the MT component and,
consequently, the overall D;MES score, while reducing
the relative share of the FS and D;S components. Because
missing data were not imputed, cases with missing val-
ues were excluded from the multivariable analyses. This
may have resulted in the sub-group analyses being under-
powered, therefore these results should be interpreted
with caution. The response rate of 53% and slight over-
representation of females in the study sample may limit
the generalizability of our study results to the broader
Lithuanian population. However, low response rates do
not necessarily introduce substantial bias in estimates of
associations. The exclusion of underweight participants
from the analysis due to their small sample size may
limit the generalizability of the findings to the entire BMI
spectrum, therefore future studies should include larger
numbers of underweight participants.

Conclusions

In this cross-sectional study, sex-specific associations
between caries and overweight/obesity were observed.
The associations were stronger and more pronounced
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in females, with a notable BMI-related gradient in tooth
loss. Some sex-specific associations diminished after
adjusting for the common risk factors, partly support-
ing the common risk factor approach. Our findings may
inform gender- and sex-responsive public health strate-
gies simultaneously targeting overweight/obesity and
caries to reduce their overall burden in Lithuania. Future
studies should confirm our findings, including a more
comprehensive set of common risk factors and per-
forming sufficiently powered age-stratified sex-specific
analyses.

Supplementary Fig. 1. The analytical strategy and the
relationship between variables used in the analyses pre-
sented by a directed acyclic graph. BMI (independent
variable) and caries (outcome) with adjusted common
risk factors as confounders (in white) and unadjusted
other variables (in grey).

Abbreviations

@] Confidence interval

DS Decayed surfaces

DsMFS  Decayed, missing and filled surfaces
FS Filled surfaces

MT Missing teeth

NCDs Noncommunicable diseases

RM Ratio of means

WHO The World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.or
g9/10.1186/512903-025-06736-2.

Supplementary Material 1.
Supplementary Material 2.

Supplementary Material 3.

Acknowledgements
We would like to express our gratitude to the participants of this study.

Clinical trial number
Not applicable.

Authors’ contributions

LS-M, IS, JA, VB, AP and RS-R made substantial contributions to the conception
of the current work. LS-M, RS-R, IS and AP contributed to the design of the
study. IS collected the data. LS-M performed statistical analyses and together
with RS-R and AP interpreted them. LS-M and RS-R drafted the manuscript,
and all co-authors substantially revised the manuscript.

Funding

The Lithuanian National Oral Health Survey was financially supported by
the Borrow Foundation. This funding source had no role in the design and
execution of this study, analyses, interpretation of the data, or decision to
submit results.

Data availability

The data that support the findings of this study are not openly available due
to reasons of sensitivity and are available from the corresponding author
upon reasonable request. Data are located in controlled access data storage at
Vilnius University, Lithuania.

Page 10 of 11

Declarations

Ethics approval and consent to participate

This study was performed in compliance with Good Clinical Practice and the
Declaration of Helsinki. The Ethics approval was obtained from the Lithuanian
Bioethical Committee (reference number 158200-17-920-426). Participation
was voluntary and based on a signed written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Oral Health Centre of Expertise in Eastern Norway, Serkedalsveien 10A,
Oslo 0369, Norway

?Institute of Dentistry, Faculty of Medicine, Vilnius University, Vilnius,
Lithuania

*Faculty of Dentistry, The University of British Columbia, Vancouver,
Canada

Received: 22 October 2024 / Accepted: 31 July 2025
Published online: 26 September 2025

References

1. Global oral. health status report—towards universal health coverage for oral
health by 2030.

2. Bernabe E, Marcenes W, Hernandez CR, Bailey J, Abreu LG, Alipour V, Amini
S, Arabloo J, Arefi Z, Arora A, et al. Global, regional, and national levels and
trends in burden of oral conditions from 1990 to 2017: a systematic analysis
for the global burden of disease 2017 study. J Dent Res. 2020;99(4):362-73.

3. Broers DLM, Dubois L, de Lange J, Su N, de Jongh A. Reasons for tooth
removal in adults: a systematic review. Int Dent J. 2022;72(1):52-7.

4. Trends in adult. body-mass index in 200 countries from 1975 to 2014: a
pooled analysis of 1698 population-based measurement studies with 19-2
million participants. Lancet. 2016;387(10026):1377-96.

5. Listl'S, Galloway J, Mossey PA, Marcenes W. Global economic impact of dental
diseases. J Dent Res. 2015;94(10):1355-61.

6. Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur MR, Listl
S, Celeste RK, Guarnizo-Herreno CC, Kearns C, et al. Oral diseases: a global
public health challenge. Lancet. 2019;394(10194):249-60.

7. Swinburn BA, Kraak VI, Allender S, Atkins VJ, Baker Pl, Bogard JR, Brinsden H,
Calvillo A, De Schutter O, Devarajan R, et al. The global syndemic of obesity,
undernutrition, and climate change: the Lancet commission report. Lancet.
2019;393(10173):791-846.

8. Watt RG, Daly B, Allison P, Macpherson LMD, Venturelli R, Listl S, Weyant RJ,
Mathur MR, Guarnizo-Herrefio CC, Celeste RK, et al. The lancet oral health
series: implications for oral and dental research. J Dent Res. 2020;,99(1):8-10.

9. Kantovitz KR, Pascon FM, Rontani RM, Gavido MB. Obesity and dental caries-a
systematic review. Oral Health Prev Dent. 2006;4(2):137-44.

10.  Alshehri YFA, Park JS, Kruger E, Tennant M. Association between body mass
index and dental caries in the Kingdom of Saudi Arabia: systematic review.
Saudi Dent J. 2020;32(4):171-80.

11.  Alswat K, Mohamed WS, Wahab MA, Aboelil AA. The association between
body mass index and dental caries: cross-sectional study. J Clin Med Res.
2016;8(2):147-52.

12. Chala s, El Aidouni M, Abougal R, Abdallaoui F. U-shaped association
between untreated caries and body mass index in adults at Rabat dental uni-
versity hospital, morocco: cross sectional study. BMC Res Notes. 2017;10(1): 5.

13. Song IS, Han K, Ryu JJ, Park JB. Obesity is inversely related to the risks of
dental caries in Korean adults. Oral Dis. 2017;23(8):1080-6.

14.  Barrington G, Khan S, Kent K, Brennan DS, Crocombe LA, Bettiol S.

Obesity, dietary sugar and dental caries in Australian adults. Int Dent J.
2019,69(5):383-91.

15. Kim K, Han K, Yang S. Association between overweight, obesity and incidence
of advanced dental caries in South Korean adults: a 10-year nationwide
population-based observational study. PLoS One. 2020;15(2):¢0229572.

16. Issrani R, Reddy J, Bader AK, Albalawi RFH, Alserhani EDM, Alruwaili DSR,
Alanazi GRA, Alruwaili NSR, Sghaireen MG, Rao K. Exploring an association


https://doi.org/10.1186/s12903-025-06736-2
https://doi.org/10.1186/s12903-025-06736-2

Stangvaltaite-Mouhat et al. BMC Oral Health

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

(2025) 25:1467

between body mass index and oral health-a scoping review. Diagnostics.
2023. https://doi.org/10.3390/diagnostics 13050902.

Alm A, Isaksson H, Fahraeus C, Koch G, Andersson-Gére B, Nilsson M, Birkhed
D, Wendts LK. BMI status in Swedish children and young adults in relation to
caries prevalence. Swed Dent J. 2011;35(1):1-8.

Tanner T, Moilanen P, Pékkild J, Patinen P, Tjaderhane L, Anttonen V. Associa-
tion of dietary habits with restorative dental treatment need and BMI among
Finnish conscripts: a cross-sectional epidemiological study. Public Health
Nutr. 2019;22(16):3009-16.

Ostberg AL, Bengtsson C, Lissner L, Hakeberg M. Oral health and obesity
indicators. BMC Oral Health. 2012;12:50.

Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero JJ, DeMeo DL,
De Vries GJ, Epperson CN, Govindan R, Klein SL, et al. Sex and gender: modi-
fiers of health, disease, and medicine. Lancet. 2020;396(10250):565-82.
Feraldi A, ZarulliV, Buse K, Hawkes S, Chang AY. Sex-disaggregated data
along the gendered health pathways: a review and analysis of global data on
hypertension, diabetes, HIV, and AIDS. PLoS Med. 2025;22(5):e1004592.
Stangvaltaite-Mouhat L, Furberg AS, Drachev SN, Trovik TA. Common social
determinants for overweight and obesity, and dental caries among adoles-
cents in Northern Norway: a cross-sectional study from the Tromsg study fit
futures cohort. BMC Oral Health. 2021;21(1):53.

Hawkes SJ, Chang AY. Time to implement sex and gender responsive policies
and programmes. Lancet Public Health. 2024,9(5).e276-7.
Stangvaltaite-Mouhat L, Aleksejuniene J, Bendinskaite R, Mdala |, Stankev-
iciene I, Puriene A, Skudutyte-Rysstad R. The 20-year trends in caries and
associated determinants among adults in Post-Soviet lithuania: repeated
cross-sectional studies. Caries Res. 2023;57(1):1-11.

Kriaucioniene V, Petkeviciene J, Klumbiene J, Sakyte E, Raskiliene A.
Socio-demographic inequalities in overweight and obesity among
Lithuanian adults: time trends from 1994 to 2014. Scand J Public Health.
2016;44(4):377-84.

Marques A, Peralta M, Naia A, Loureiro N, de Matos MG. Prevalence of adult
overweight and obesity in 20 European countries, 2014. Eur J Public Health.
2018,28(2):295-300.

Stangvaltaite-Mouhat L, Pariené A, Stankeviciene |, Aleksejaniené J. Erosive
tooth wear among adults in Lithuania: a cross-sectional national oral health
study. Caries Res. 2020;54(3):283-91.

Stankeviciene |, Puriene A, Mieliauskaite D, Stangvaltaite-Mouhat L, Alekseju-
niene J. Detection of xerostomia, sicca, and sjogren’s syndromes in a national
sample of adults. BMC Oral Health. 2021;21(1):552.

World Health Organization. Oral Health Surveys Basic Methods Fifth Edition.;
2013.

World Health Organization. Obesity: preventing and managing the global
epidemic. Geneva: WHO; 2000.

Fekedulegn D, Andrew M, Violanti J, Hartley T, Charles L, Burchfiel C. Compari-
son of statistical approaches to evaluate factors associated with metabolic
syndrome. J Clin Hypertens (Greenwich). 2010;12(5):365-73.

Nascimento GG, Leite FR, Conceigdo DA, Ferrta CP, Singh A, Demarco FF.

Is there a relationship between obesity and tooth loss and edentulism? A
systematic review and meta-analysis. Obes Rev. 2016;17(7):587-98.

Zhu'Y, Hollis JH. Tooth loss and its association with dietary intake and diet
quality in American adults. J Dent. 2014;42(11):1428-35.

Gaewkhiew P, Sabbah W, Bernabé E. Does tooth loss affect dietary intake
and nutritional status? A systematic review of longitudinal studies. J Dent.
2017;,67:1-8.

Hancock S, Zinn C, Schofield G. The consumption of processed sugar- and
starch-containing foods, and dental caries: a systematic review. Eur J Oral Sci.
2020;128(6):467-75.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

Page 11 of 11

Aller EE, Abete |, Astrup A, Martinez JA, van Baak MA. Starches, sugars and
obesity. Nutrients. 2011;3(3):341-69.

Singh A, Peres MA, Peres KG, Bernardo Cde O, Xavier A, D'Orsi E. Gender differ-
ences in the association between tooth loss and obesity among older adults
in Brazil. Rev Saude Publica. 2015;49:44.

Chamoun E, Mutch DM, Allen-Vercoe E, Buchholz AC, Duncan AM, Spriet LL,
Haines J, Ma DWL. A review of the associations between single nucleotide
polymorphisms in taste receptors, eating behaviors, and health. Crit Rev Food
Sci Nutr. 2018;58(2):194-207.

Precone V, Beccari T, Stuppia L, Baglivo M, Paolacci S, Manara E, Miggiano
GAD, Falsini B, Trifiro A, Zanlari A, et al. Taste, olfactory and texture related
genes and food choices: implications on health status. Eur Rev Med Pharma-
col Sci. 2019;23(3):1305-21.

Elder PJD, Ramsden DB, Burnett D, Weickert MO, Barber TM. Human amylase
gene copy number variation as a determinant of metabolic state. Expert Rev
Endocrinol Metab. 2018;13(4):193-205.

Viljakainen H, Andersson-Assarsson JC, Armenio M, Pekkinen M, Pettersson
M, Valta H, Lipsanen-Nyman M, Makitie O, Lindstrand A. Low copy number of
the AMY1 locus is associated with early-onset female obesity in Finland. PLoS
One. 2015;10(7):e0131883.

Meisel P, Holtfreter B, Vlzke H, Kocher T. Sex differences of tooth loss and
obesity on systemic markers of inflammation. J Dent Res. 2014;93(8):774-9.
Meeuwsen S, Horgan GW, Elia M. The relationship between BMI and percent
body fat, measured by bioelectrical impedance, in a large adult sample is
curvilinear and influenced by age and sex. Clin Nutr. 2010,29(5):560-6.

Vallim AC, Gaio EJ, Oppermann RV, Résing CK, Albandar JM, Susin C, Haas AN.
Obesity as a risk factor for tooth loss over 5 years: a population-based cohort
study. J Clin Periodontol. 2021;48(1):14-23.

Russell SL, Gordon S, Lukacs JR, Kaste LM. Sex/Gender differences in tooth
loss and edentulism: historical perspectives, biological factors, and Sociologic
reasons. Dent Clin North Am. 2013;57(2):317-37.

Lipsky MS, Su S, Crespo CJ, Hung M. Men and oral health: a review of sex and
gender differences. Am J Mens Health. 2021;15(3):15579883211016360.

Pitts NB, Twetman S, Fisher J, Marsh PD. Understanding dental caries as a
non-communicable disease. Br Dent J. 2021;231(12):749-53.

Budreviciute A, Damiati S, Sabir DK, Onder K, Schuller-Goetzburg P, Plakys G,
Katileviciute A, Khoja S, Kodzius R. Management and prevention strategies
for non-communicable diseases (NCDs) and their risk factors. Front Public
Health. 2020,8:574111.

Manthey J, Jasilionis D, Jiang H, MeSceriakova O, Petkeviciené J, RadiSauskas
R, Stelemékas M, Rehm J. The impact of alcohol taxation increase on all-cause
mortality inequalities in Lithuania: an interrupted time series analysis. BMC
Med. 2023;21(1):22.

Ostberg AL, Nyholm M, Gullberg B, Rastam L, Lindblad U. Tooth loss

and obesity in a defined Swedish population. Scand J Public Health.
2009,37(4):427-33.

Sheiham A, Steele JG, Marcenes W, Finch S, Walls AW. The relationship
between oral health status and body mass index among older people: a
national survey of older people in great Britain. Br Dent J. 2002;192(12):703-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3390/diagnostics13050902

	﻿Dental caries and body mass index in adult and elderly lithuanians: a cross-sectional study exploring sex-specific patterns
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and participants
	﻿Questionnaire
	﻿Dental caries
	﻿Statistics

	﻿Results
	﻿Participant characteristics
	﻿Sex-specific association between caries and body mass index

	﻿Discussion
	﻿Conclusions
	﻿References


