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ABSTRACT

Objective: To explore oral health by increasing degree of obesity and the influence of modify-

ing factors.

Materials and methods: A cross-sectional design was used. Swedish females (n=118; 18-35years) with
morbid obesity were recruited from the BAriatric SUbstitution and Nutrition study (BASUN). Body mass
index (BMI) was used as continuous and categorized into 35-39.9 kg/m?/40-44.9 kg/m?/>45 kg/m?. Oral
examinations assessed dental caries using the ICDAS system, periodontal status and saliva characteristics.
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Information on sociodemographics, oral health behaviour and symptoms was collected via a questionnaire.
Results: Mean BMI was 42.2kg/m> (SD 4.0; range 35.0-63.7). Significantly higher frequencies of den-
tine caries (p=.001) and total caries (p=.046) were found with higher BMI with an increase in total
caries by 0.59 tooth surface (p=.025) for each increasing BMI degree. There were consistent associa-
tions between obesity and dentine caries for the group with the highest BMI (>45), adjusted RR 2.08
(95% ClI 1.20-3.61), and all stages of caries, adjusted RR 1.41 (95% Cl 1.02-1.96). High scores were

found for dental plaque (50.2%) and gingivitis (34.5%).

Conclusion: Young obese women exhibited poor oral health with higher caries levels by higher BMI.
Dental care should adapt the prevention efforts for obese individuals.

Trial Registration: The trial was prospectively registered on March 03; 2015; NCT03152617

The manuscript is structured in accordance with the STROBE
guidelines (von Elm E, Altman DG, Egger M, et al. The
strengthening the reporting of observational studies in epi-
demiology (STROBE) statement: guidelines for reporting
observational studies. PLoS Med. 2007;4:e296).

Introduction

The prevalence of overweight and obesity in both industrial-
ized and developing countries has increased steadily in
recent decades and the proportion classified as obese in the
adult population worldwide was estimated in 2016 to be
13% (650 million people) [1]. In Sweden, the corresponding
share is about 16% [2]. Obesity is generally defined by body
mass index (BMI, kg/mz), with a BMI >30-34.99 classified as
obesity class I, BMI 35-39.99 classified as class Il, and BMI
>40 classified as Class lll or morbid obesity [3], a classifica-
tion widely used in scientific studies [4,5]. Additional classifi-
cations have been proposed for morbid obesity, particularly

based on the trends of higher BMI rates [1,5]. Obesity rates
differ between men and women, e.g. men being heavier in
industrialized countries [6] however, women seek obesity
treatment to a greater extent than men [7-9].

Obesity is a strong risk factor for developing several non-
communicable diseases, such as type 2 diabetes, cardiovascular
disease, and some cancer types [10-12]. The effect of obesity
on oral health is less studied. Associations have been observed
between obesity and periodontal disease as well as tooth loss,
but the causal relationships are unclear [13,14]. Relationships
between obesity and dental caries have been found in the pri-
mary dentition [15], but not among older children and adoles-
cents [16]. A few studies have examined the association
between obesity and caries in adults with contradictory results;
some showing an association [17,18] while others found no
association [19] or even an inverse relationship [20].

The causal and behavioural patterns of general and oral
health share similarities [21]. The risk indicators for both
obesity and oral disease include health habits; for instance,
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smoking [21,22]. There are also shared modifying factors
such as age and socioeconomics; for instance, educational
level [23,24].

Comorbidities and use of medication are common in
obese individuals [25], which may influence oral health; for
instance, diminished saliva flow rates due to medication
have been shown [26]. In turn, this is a known risk factor for
the development of carious lesions, as are other saliva char-
acteristics, such as low buffering capacity and high microbial
counts [27,28].

With obesity not only increasing worldwide but also those
classified with obesity growing heavier with higher BMI rates
[1], there is a need to explore the relationship between obes-
ity and oral health in greater detail. So far, the described
studies in the field have used the common definition of
obesity, that is a BMI >30 kg/m2 [14, 29]; hence, how differ-
ent degrees of increasing obesity above this threshold are
associated with or affect the oral health remains to be
studied. In addition, the contradictory results regarding the
link between obesity and caries need to be further investi-
gated. Based on the above-described rationale, it was
hypothesized that the risk for dental caries would be greater
with increasing degrees of obesity. Therefore, the objective
of the study was to describe oral health in individuals with
increasing degrees of obesity and investigate the effect of
modifying factors on the associations between obesity and
dental caries.

Materials and methods
Study design and setting

The study used a cross-sectional design and the setting for
data collection was Region Vastra Gotaland, Sweden.

Participants

Study participants were recruited from the BAriatric
SUbstitution and Nutrition study (BASUN) cohort, a prospect-
ive non-randomized trial aiming to observe long-term out-
comes of surgical and medical obesity treatment [25]. The
BASUN study enrolled individuals referred to the Regional
Obesity Centre of Region Vastra Gotaland, Sweden, between
May 2015 and November 2017. Treatment eligibility criteria
for subjects with BMI 35-40kg/m? was dependent on the
presence of obesity-related comorbidities, while all subjects
with BMI >40 qualified for inclusion. Understanding verbal
and written information in the Swedish language was
required. In total, 971 obese subjects were included in the
BASUN cohort. At inclusion, all female subjects <35years of
age were asked to participate in the current sub-study on
oral health and bone health (the latter to be presented else-
where). The age and gender restrictions were based on the
predominance of women undergoing bariatric surgery (ca
80%) [9], with planned follow-ups over ten years before
menopausal onset. This paper reports on data on oral health
prior to obesity treatment.
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The study was approved by the Regional Ethical Review
Board of Gothenburg (reg. no 673-14) and the Swedish
Radiation Protection Committee (reg. no 14-39). Written
informed consent was obtained from all participants.

Data sources and variables

The data sources were selected information from the main
study BASUN and information from oral examinations at den-
tist visits.

The main predictor variable was BMI (kg/m?). Data about
BMI and current pharmaceutical treatment (glucose-lowering
treatment, blood pressure treatment, lipid-lowering treat-
ment, treatment for anxiety/depression, treatment with anti-
psychotics, pain medication, hypothyroidism treatment,
ADHD treatment) were obtained from the main BASUN study
[25]. For the analyses, BMI was used both as a continuous
variable and categorized as 35-39.9kg/m? 40-44.9 kg/m?
and >45kg/m? Pharmaceutical treatment was categorized
into medication vs. no medication.

The data collection at the dental visit was conducted in
the following order: saliva sampling, filling in a self-report
questionnaire, registration of periodontal status, and registra-
tion of dental caries. All participants had refrained from eat-
ing, drinking, chewing gum and tooth brushing for one hour
prior to the visit. Two experienced dentists conducted the
clinical examinations: NT (main examiner) and ALO. Wisdom
teeth were excluded from all recordings.

The outcome variable was dental caries registered accord-
ing to the International Caries Detection and Assessment
System, ICDAS-II [30]. The two dentists completed a calibra-
tion programme for caries registration prior to data collec-
tion. This included repeated sessions of the online ICDAS
training programme until deemed accuracy (https://www.
iccms-web.com/content/icdas), followed by discussions and
separate examination of 45 extracted teeth (225 tooth surfa-
ces). The inter-examiner reliability reached 0.77 (95% ClI
0.69-0.84), calculated by linear weighted Cohen’s kappa
(WK). Re-examination after six weeks produced an intra-
examiner reliability of 0.75 (95% Cl 0.65-0.85) (NT) and 0.70
(95% Cl 0.62-0.79) (ALO), respectively. Five volunteers with
altogether 630 tooth surfaces were examined clinically, with
an inter-examiner WK of 0.88 (95% ClI 0.85-0.92). The main
examiner (NT) re-examined two persons after two months,
intra-examiner WK 0.66 (95% Cl 0.65-0.78). Four digital
bitewing radiographs from each of seven randomly selected
patients (420 tooth surfaces) in the main study were checked
for reliability of radiographic diagnostics (NT and PL), produc-
ing an inter-examiner WK of 0.73 (95% Cl 0.66-0.80) and an
intra-examiner WK for both examiners of 0.89 (95%
Cl 0.84-0.94).

The registration of dental caries in the participants was
carried out by clinical examination completed with radio-
graphs. Before the visual examination, all teeth were profes-
sionally cleaned with prophy paste RDA 170 and a
prophylaxis cup, flossed and then carefully air-dried. When
needed, the visual examination was facilitated/aided by a
ball-ended explorer to check surface shape or lesser cavities
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cautiously [31]. All tooth surfaces (buccal, lingual, mesial, dis-
tal, occlusal) were scored according to the ICDAS Il system
from 0 (sound surface) to 6 (distinct excessive cavity with vis-
ible dentine). The radiographic examination comprised four
digital bitewing radiographs, exposed in a standardized man-
ner and examined under dimmed lighting on an Olorin Vista
Line® monitor (Olorin AB, Kungsbacka, Sweden). Three tooth
surfaces were radiographically scored (mesial, occlusal, distal)
for lesion depth and type of restoration according to the
ICDAS |l coding system (Supplemental Figure 1). The clinical
and radiographic recordings were weighted together for the
mesial, occlusal and distal surfaces. If the difference between
the clinical and the radiological valuation was maximally one
step, the highest value was used. If a greater discrepancy
was noted, the radiographs were re-examined. Noted differ-
ences occurred on surfaces where decay may be difficult to
detect clinically, i.e. approximal surfaces and under dental fil-
lings. For the analyses, dental caries was categorized as
enamel caries (ICDAS codes 1-2), dentine caries (ICDAS codes
3-6) and total caries (ICDAS codes 1-6). Sealants, fillings, and
missing teeth were recorded according to ICDAS protocols.

Variables to describe the cohort and to account for poten-
tial confounding completed the registrations. Dental plaque
scores were registered on four surfaces (mesial, buccal, distal,
lingual) of six index teeth according to Ramfjord, 1967
(coded 0/1) [32]. Gingivitis was assessed by the presence of
bleeding on probing (BOP) at two sites per tooth (mesiobuc-
cal, distobuccal; coded 0/1). Periodontal pocket depth (PPD)
was measured at the same two sites on each tooth from the
gingival margin to the bottom of the gingival crevice [33].
Periodontitis was considered present when the pocket depth
was >3.5mm (coded 0/1). The examiners underwent training
and calibration sessions for the periodontal examination with
an experienced dental hygienist.

Saliva sampling included the collection of unstimulated
and stimulated saliva. Unstimulated whole saliva was col-
lected during 15 min with the participants in a relaxed pos-
ition, drooling passively into a measuring cylinder while
maintaining minimal movements of the lips, tongue and
facial muscles. The participants then chewed on a paraffin
pellet until soft for one minute, followed by swallowing all
the saliva in the mouth. Stimulated whole saliva was then
collected with the participant spitting actively while chewing
the paraffin pellet for five minutes. The secretion rates for
unstimulated and stimulated saliva, respectively, were calcu-
lated from each volume (ml/min). The limit for a very low
flow rate of unstimulated saliva was set to <0.1 ml/min [34].
For stimulated saliva, the limit for a low flow rate was set at
<1.0ml/min and for a very low flow rate at less than 0.7 ml/
min [34]. The buffer capacity (low/medium/high) of the
stimulated saliva was determined chairside (CRT buffer®,
Ivoclar Vivadent, Lichtenstein). Laboratory analyses to obtain
total mutans streptococci and lactobacilli counts per colony-
forming unit (CFU)/ml of stimulated saliva were performed at
the Department of Cariology, Institute of Odontology,
University of Gothenburg, Sweden. Mutans streptococci were
cultivated on mitis salivarius bacitracin and lactobacilli on
rogosa agar under anaerobic conditions at 37°C for two and

three days, respectively. Mutans streptococci and lactobacilli
were dichotomized in counts >1,000,000 CFU/ml and
>100,000 CFU/ml, respectively.

The self-report questionnaire included questions on age
(dichotomized into 18-29years/30-35years), educational
level (post-secondary schooling >12years vs. maximum sec-
ondary school <12years) and marital status (cohabiting vs.
not cohabiting). Oral health habits were represented by
tooth brushing (twice daily vs. once a day/a few times a
week/seldom or never), interdental cleaning (daily/3-5 times
a week vs. 1-2 times a week/never), smoking (never smoked/
stopped smoking >1year ago vs. smoke occasionally/smoke
daily), visits to the dentist in the last five years (once a year/
3-4 appointments vs. 1-2 appointments/never), and reason
for the last dental appointment (routine visit vs. pain/
other problems).

Data management and statistical methods

Data were controlled and managed in Microsoft Excel®
(Microsoft Corporation, WA, USA). Statistical analyses were
carried out using the SPSS® statistical software (Statistical
Package for Social Sciences) version 26 (IBM Corporation,
NY, USA).

For the analyses, categorized and dichotomized variables
as described above were used. The analyses comprised
descriptive statistics including numbers, percentages, means,
standard deviation (SD), median values and range, when
indicated. Chi-square tests were applied to analyse differen-
ces between BMI categories and categorical variables: socio-
demographic characteristics, medication and oral health
habits. One-way ANOVA with the post-hoc Tukey test was
used to evaluate the difference of means in caries severity
between BMI categories. Tests of linear trends with contrast
were carried out. Graphical presentation and linear regres-
sion models described the relation between continuous BMI
and dental caries. To explore the impact of possible con-
founders, the caries experience by BMI categories was ana-
lysed by generalized linear models using Poisson
distribution. To account for possible overdispersion, robust
estimation was used. Crude and univariate analyses were fol-
lowed by full models, including possible confounders as
covariates, and using the least obese group as reference
(BMI 35-39.9). For the regression models, the numbers of
microbiota were transferred into logarithms to achieve nor-
mal distributions. Spearman’s correlation coefficient was
used to calculate the correlation between clinically and
radiologically registered caries (ICDAS, r=0.959, ICDAS;_,
r=0.922, ICDAS;_¢ r=0.930).

Results

A total of 118 participants were included in the study
(Supplemental Figure 2). Their mean BMI was 42.2 kg/m? (SD
4.0, median 41.8, range 34.9-63.7) with mean age 27.8 years
(SD 4.9).

Descriptive data on socioeconomic characteristics and oral
health habits of the cohort in total and by BMI group are
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Table 1. Sociodemographic characteristics and oral health habits of the cohort in total and by BMI group.

Total group BMI 35-39.9 BMI 40-44.9 BMI > 45
n=118 n=26 n=71 n=21
n (%) n (%) n (%) n (%) p-Value

Age

18-29 years 66 (55.9) 19 (73.1) 36 (50.7) 11 (52.4)

mean 24.2

median 25

30-35 years 52 (44.1) 7 (26.9) 35 (49.3) 10 (47.6) 127

mean 32.4

median 32
Cohabiting (no) 53 (44.9) 13 (50.0) 31 (43.7) 9 (42.9) .608
Education < 12 years (secondary school) 73 (61.9) 13 (50.0) 44 (62.0) 16 (76.2) .068
Medication® (yes) 55 (46.6) 16 (61.5) 29 (40.8) 10 (47.6) 284
Smoking daily or occasionally 26 (22.0) 6 (23.1) 15 (21.1) 5 (23.8) 972
Toothbrushing 42 (35.9) 10 (38.5) 25 (35.7) 7 (33.3) 715

<twice daily
Regular interdental cleaning (no) 80 (67.8) 15 (61.5) 50 (70.4) 14 (66.7) 665
Regular dental visits (no) 30 (25.4) 5(19.2) 14 (19.7) 11 (52.4) .015
Reason for last dental visit (oral problems) 31 (26.3) 4 (15.4) 18 (25.4) 9 (42.9) .037

One or more of the following: glucose lowering treatment, blood pressure treatment, lipid lowering treatment, treatment for anxiety/depres-
sion, treatment with antipsychotics, pain medication, hypothyroidism treatment, ADHD treatment.

BMI: body mass index.

presented in Table 1. Most of them were cohabiting (55.1%)
and four out of five had an education <12years.
Pharmaceutical treatment was common (46.6%) and one out
of five reported smoking daily or occasionally, with younger
participants (<30years) smoking more frequently, 30.3% vs.
11.5% among older participants (p =.001, not in tables). Poor
oral hygiene habits were common, with one-third of the
total group reporting toothbrushing less than twice daily
and two-thirds reporting no regular interdental cleaning.
More than half of the individuals in the highest BMI group
(BMI > 45) reported infrequent visits to the dentist
(p=.015). Likewise, oral problems or pain as the reason for
the last visit was most common in this group (p =.037).

The outcome in dental caries and other clinical characteristics
of the total cohort and by BMI group are presented in Table 2.
There was a significantly lower mean number of tooth surfaces
with no evidence of caries (ICDASy) with higher BMI group
(p=.045). There were corresponding higher mean numbers of
tooth surfaces with dentine caries (ICDAS; ) and total caries
(ICDAS;_g) with higher BMI group (p=.001 and p = .046, respect-
ively) and the differences were consistent between the group
with BMI > 45 vs. the other groups (not in tables). Moreover,
parallel significant linear trends were seen for ICDAS, (p=.017),
ICDAS; ¢ (p=.001) and for ICDAS;_¢ (p=.017). No such differen-
ces or trends were seen for enamel caries (ICDAS;_,). Most miss-
ing teeth had been extracted due to orthodontic treatment
according to reports by the participants; still, 31% of missing
teeth were reported as extracted due to caries (not in tables).

The mean plaque score and overall mean gingivitis score
were high in the total sample (50.3% and 34.5%, respect-
ively) with no statistically significant differences between the
BMI groups. The mean number of sites with PPD, defined as
>3.5mm, was 2.3 (SD 5.5).

Table 3 shows the salivary characteristics of the sample. The
mean stimulated flow rate was 1.5 ml/min; however, nearly one-
quarter of the participants produced less than 1.0 ml/min and
one out of ten less than 0.7 ml/min (not in table). The mean
unstimulated flow rate was 0.2ml/min with more than a third
(36.4%) having a flow rate <0.1 ml/min. There were no statistic-
ally significant differences in flow rates between the BMI groups.

Pharmaceutical treatment was not related to an unstimulated sal-
iva flow rate <0.1 ml/min (p = .455) or to a stimulated saliva flow
rate <0.7ml/min (p=.581). However, among those being on
pharmaceutical treatment there were more individuals with a
stimulated saliva flow rate <1.0ml/min than individuals with a
higher flow rate (64.3% vs. 41.1%, p = .033).

The microbiota exhibited moderate mean numbers of
mutans streptococci while the mean numbers of lactobacilli
were higher with one-fifth of the total sample having num-
bers exceeding 100,000 CFU/ml. The only statistically signifi-
cant difference in microbiota between the BMI groups was
having mutans streptococci exceeding 1,000,000 CFU/ml;
however, few participants exhibited such numbers.

Linear regression models using continuous BMI as the pre-
dictor showed a B 0.29 (p =.144) for ICDAS,_,, B 0.29 (p=.007)
for ICDAS;_¢ and B 0.59 (p =.025) for ICDAS,_s. The B coefficient
shows how much the dependent variable (surfaces with caries)
will increase in average if the independent variable increases by
one step (BMI). Figure 1 displays a graphical presentation for
ICDAS,_¢. Poisson regression models (Table 4) using the trichot-
omous BMI as the independent factor and caries as the
dependent variable (ICDAS;_,, ICDAS;3 4 ICDAS;_¢) with the least
obese group as reference (BMI 35-39.9) revealed consistent
statistically significant associations regarding dentine caries and
total caries for the group with BMI > 45, in both crude analyses
and in multivariate models with adjustments for age and other
covariates (socioeconomy, general health, oral health habits, sal-
iva characteristics). The strongest crude association was shown
for dentine caries (ICDASs¢) in the group with BMI > 45: RR
243 (95% Cl 1.35-4.37), modified in the fully adjusted model to
RR 2.08 (1.20-3.61). For enamel caries and for the group with a
BMI between 40 and 44.9, most associations were not statistic-
ally significant.

Discussion

The key results in this study of young obese women were
the significant trends of a higher frequency of dental caries
lesions and fewer tooth surfaces with no caries with higher
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Table 2. Clinical characteristics of the total cohort and by BMI group.

Total group BMI 35-39.9 BMI 40-44.9 BMI > 45
n=118 n=26 n=171 n=21
mean (SD) mean (SD) mean (SD) mean (SD)
median median median median
min—-max min-max min-max min-max p-Value Linear trend
Tooth surfaces
No caries 103.8 (14.2) 109.4 (8.8) 103.1 (15.0) 99.4 (15.4) .045 0.017
(ICDAS,) 106 108.5 104 105
61-127 95-124 68-127 61-123
Enamel caries 15.1 (8.7) 13.7 (6.3) 15.1 (9.4) 17.1 (8.5) 409 0.183
(ICDAS;_,) 14 13 14 15
1-48 3-24 1-48 4-31
Dentine caries 45 (4.8) 3.2 (4.0) 4.0 (3.9 7.8 (6.8) .001 0.001
(ICDAS;_6) 3 1 3 7
0-30 0-14 0-17 0-30
Total caries 19.6 (11.4) 16.9 (8.1) 19.1 (11.6) 24.9 (13.2) .046 0.017
(ICDAS_6) 17.5 16 18 21
1-54 4-33 1-54 5-47
Missing teeth 0.9 (1.5) 0.4 (0.8) 1.2 (1.2) 0.8 (1.2) .049 0.338
0 0 0 0
0-5 0-3 0-5 0-4
Sealed surfaces 0.8 (1.4) 0.9 (1.7) 0.7 (1.2) 1.1(1.7) 415 0.603
0 0 0 0
0-7 0-7 0-7 0-5
Filled surfaces 9.1 (9.1) 9.1 (9.0) 8.8 (9.0) 9.9 (9.8) 901 0.772
6 6.5 6 8
0-43 0-36 0-37 0-43
Plaque (% of sites) 50.3 (24.0) 53.0 (27.6) 47.3 (22.4) 57.1 (24.0) 207 0.560
50 54.2 458 58.3
4.2-100 8.3-100 8.3-100 4.2-95.8
BOP (% of sites) 34.5 (24.9) 39.7 (27.7) 31.8 (23.5) 37.2 (25.9) 334 0.733
26 27.7 25 29.6
0-100 8.9-100 0-100 0-87.5
Pathological periodontal pockets (no.>3.5mm) 2.3 (5.5) 3.9 (9.6) 1.7 3.3) 23 (4.2) 211 0.308
1 0.5 1 1
0-46 0-46 0-22 0-15
BMI: body mass index; ICDAS: International Caries Detection and Assessment System; BOP: bleeding on probing.
Table 3. Salivary characteristics of the cohort in the total group and by BMI group.
Total group BMI 35-39.9 BMI 40-44.9 BMI > 45
n=118 n=26 n=71 n=21 p-Value
Saliva flow rate
Stimulated, ml/min
mean (SD) 1.50 (0.81) 1.37 (0.56) 1.54 (0.83) 1.50 (1.02) 645
median 1.40 1.32 1.44 1.28
Stimulated < 1 ml/min 28 (23.7) 5(19.2) 16 (22.5) 7 (33.3) 276
n (%)
Unstimulated, ml/min
mean (SD) 0.19 (0.22) 0.21 (0.30) 0.19 (0.21) 0.17 (0.12) .832
median 0.14 0.16 0.13 0.16
Unstimulated < 0.1 ml/min 43 (36.4) 10 (38.5) 27 (38) 6 (28.6) 510
n (%)
Buffer capacity low (pH < 5) 8 (6.8) 1(3.8) 4 (5.7) 3(14.3) 177
n (%)
Microbiota
Mutans streptococci
mean (SD) 405,883 (0.71°) 608,261 (0.84°) 363,341 (0.69°) 299,152 (0 .55°) 242
median 89,000 99,000 92,000 72,000
min-max 0-4.4° 0-2.8° 0-4.4° 0-21.6°
Mutans streptococci 17 (14.4) 8 (30.8) 7 (9.9) 2 (9.5) .029
>1.000.000, n (%)
Lactobacilli
mean (SD) 219,388 (1.08°) 57,931 (0.15°%) 299,707 (1.36°) 147,733 (0.48%) 591
median 7400 2700 13,600 7200
min-max 0-8.20° 0-0.74° 0-8.20° 0-2.20°
Lactobacilli >100.000 23 (19.5) 4 (15.4) 14 (19.7) 5(23.8) 468
n (%)
BMI: body mass index; SD: standard deviation.
BMI. The associations were strongest for the group with BMI  characteristics. The periodontal health status indicated

> 45 in dentine caries and independent of differences in
health habits

socio-economy, medication,

and

saliva lated and unstimulated saliva were common.

unfavourable oral health, and low flow rates for both stimu-
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Figure 1. Scatter-plot with linear correlation between Body Mass Index (BMI) and total dental caries (International Caries Detection and Assessment

System, ICDAS;_¢).

Table 4. Associations between obesity (predictor variable) and dental caries (outcome variable), crude and adjusted as indicated.

BMI 35-39.9 BMI 40-44.9 BMI > 45

Response Adjustment RR (95% CI) RR (95% Cl) RR (95% Cl)
Enamel caries (ICDAS;_,) Crude 1 1.10 (0.88-1.38) 1.25 (0.95-1.64)
Age 1 1.13 (0.90-1.43) 1.30 (1.00-1.70)
SES 1 1.12 (0.89-1.40) 1.27 (0.96-1.70)
General health 1 1.09 (0.88-1.34) 1.24 (0.94-1.62)
Oral health habits 1 1.09 (0.87-1.36) 1.24 (0.93-1.66)
Saliva characteristics 1 1.06 (0.85-1.32) 1.21 (0.91-1.59)
Age, SES; general health, oral health habits, saliva characteristics 1 1.10 (0.87-1.38) 1.24 (0.90-1.73)
Dentine caries (ICDAS;_¢) Crude 1 1.26 (0.76-2.10) 243 (1.35-4.37)
Age 1 1.20 (0.73-1.99) 2.29 (1.29-4.07)
SES 1 1.29 (0.79-2.13) 2,61 (1.44-4.71)
General health 1 1.23 (0.72-2.09) 2.38 (1.33-4.26)
Oral health habits 1 1.25 (0.75-2.10) 1.99 (1.18-3.36)
Saliva characteristics 1 1.20 (0.72-2.00) 2.43 (1.32-4.50)
Age, SES; general health, oral health habits, saliva characteristics 1 1.22 (0.74-2.00) 2.08 (1.20-3.61)
Total caries Crude 1 1.13 (0.90-1.42) 1.47 (1.11-1.96)
(ICDAS_g) Age 1 1.15 (0.91-1.45) 1.50 (1.12-2.00)
SES 1 1.15 (0.91-1.45) 1.51 (1.11-2.07)
General health 1 1.11 (0.89-1.39) 1.45 (1.09-1.93)
Oral health habits 1 1.12 (0.89-1.41) 1.41 (1.06-1.86)
Saliva characteristics 1 1.09 (0.87-1.35) 1.43 (1.07-1.93)
Age, SES; general health, oral health habits, saliva characteristics 1 1.11 (0.88-1.40) 1.41 (1.02-1.96)

BMI: body mass index; ICDAS: International Caries Detection and Assessment System.

Associations expressed as RR (rate ratio) and Cl (95% confidence intervals) for individuals having BMI > 45 and BMI 40-44.9, respectively, using individuals hav-
ing BMI 35-39.9 as reference. Confounders included in models as specified: socio-economic status, SES (cohabiting, educational level), general health (medica-
tion, smoking), oral health habits (toothbrushing, interdental cleaning, regular dental visits, reason for last dental visit), saliva characteristics (flow rates
unstimulated and stimulated saliva, mutans streptococci count, lactobacilli count, buffer capacity).

The study has some limitations. The cross-sectional design
enabled investigation of associations in the regression mod-
els but no causations which must be considered in the inter-
pretation. For that purpose, longitudinal designs are needed.
A limitation was that the sample size was controlled by the
main BASUN study. However, the number of participants in
the present sub-study is well comparable with that in similar
studies [16,29]. It can be seen as another limitation that indi-
viduals with a BMI <35 were not included but since our goal

was to study different degrees of obesity, those with the
lowest degree of morbid obesity constituted the reference
group. On the other hand, the wide range in BMI mirrored
the growing obesity epidemic in the world [1]. This made it
possible to investigate higher degrees of obesity in relation
to oral health, completing earlier studies, most of which only
dichotomized body weight into obese/not obese [14].
Possible bias might have been at hand in the sampling of
only women, however this reflects the greater number of
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women undergoing obesity treatment [7,8,25]. The BASUN
study also did not include people with language barriers or
reluctance to participate [25].

Measures were taken to ensure the quality of the clinical
data collection. Thus, the clinical examinations were based
on a broad protocol and performed under standardized con-
ditions and repeated calibration sessions showed good intra-
and interrater reliability. The saliva collection was supervised
so that no mouth or cheek movements were made during
the collection of the unstimulated saliva [34]. It would have
been ideal if the saliva collection had been performed at the
same time of day for all individuals to take circadian rhythm
into account [35], but this was impossible for logistical rea-
sons. Another limitation is that the present study did not
include dietary data or information on fluoride supplements
that could possibly affect the outcome. For the caries record-
ing, the seven-level ICDAS criteria [30] were used to assess
accurately the status of tooth surfaces and quantify the
prevalence of dental caries. The system has been increasingly
used in recent years, especially in epidemiological studies,
and shows good validity and reliability [36]. Mostly, the
ICDAS criteria for visual examination have been used while
radiographic information has been recognized as an import-
ant addition, particularly to diagnose interproximal caries
[37]. Together with the careful calibrations, this probably
ensured good sensitivity of the caries registration [30,36,38].

As mentioned above, most studies exploring associations
between oral health and obesity have hitherto used the def-
inition of obesity by the WHO; that is, a BMI of 30 or higher,
with diverging results [14,29]. However, the growing obesity
epidemic over recent decades, both in Sweden and inter-
nationally [1,2] implies a need to study the oral health of
individuals with more extreme obesity. Thus, we included
candidates for bariatric surgery in our sample and the results
showed that individuals with the most severe obesity condi-
tion were those at risk of dental caries. Moreover, we found
a significant linear trend of increasing caries frequency with
higher BMI. These findings should be considered when plan-
ning preventative dental efforts for obese individuals.

The caries prevalence in the study needs to be seen in its
context; however, so far, this has been sparsely studied in
the general adult Swedish population. One recent study from
southern Sweden revealed lower numbers of decayed surfa-
ces in corresponding ages than in our study (dentine caries,
mean 3.7 vs. 4.5 surfaces) [39]. Thus, the caries frequency in
the least obese group (BMI 35-39.9, mean 3.2 surfaces) in
our study was close to the population means in the study
referred to. This might support the reasoning of an increased
risk of caries only at higher BMI levels. Internationally, few
studies have reported on the caries prevalence in adults and
the data collection methods differ [40]. However, Sweden
has been recognized as having among the lowest caries
prevalence rates in adults [41].

The participants’ periodontal health condition was gener-
ally poor, irrespective of BMI group. In the earlier mentioned
Swedish study of a general population, the mean plaque
score was lower, 11.6% in 20-year olds and 19.2 in 30-year
olds [39], to be compared with 50.3% in our study with

similar differences for gingivitis. However, in a recent study,
young Swedish adults scored more like the obese partici-
pants in our study [42]. The authors discussed their findings
in terms of inadequate preventative programs, although
such programs are the standard in Swedish dental care for
young people. For obese individuals, the challenges and
stress of struggling with their excessive weight may leave
them with less energy to maintain good oral hygiene [43].
Many participants in the study also reported poor oral health
behaviour, and it is especially notable that individuals in the
highest BMI group reported regular dental visits less often
than individuals in the other BMI groups. Obese individuals
may be ashamed of their situation and experience stigma-
tization [44-45], which, in turn, may lead to avoiding dental
care [46].

The associations between dental caries and obesity in the
study remained statistically significant and strong for the
highest BMI group after accounting for potential modifying
factors. Low socioeconomic status has been identified as
being associated with both obesity [23,47] and poor oral
health [24]. However, in a study of Swedish women, the
associations between dental health and cardiovascular dis-
ease were independent of socioeconomic status, which is in
line with our findings [48]. Another possible modifying factor
is smoking, which may have been used as a weight control
strategy as smoking is believed to suppress appetite [49].
Still, it did not affect the association between obesity and
caries. Smoking is linked to oral disease in general [21], but
no clear association with caries has been established [50].

Obesity has been recognized to affect both the flow and
composition of the saliva [51]. This is in line with our find-
ings, as low flow rates were common for both unstimulated
and stimulated saliva using generally accepted definitions
[34]. Moreover, the flow rates in the study were well below
the mean values with respect to age and gender found in a
Swedish population study [52]. Pharmaceutical treatment is a
known factor for hyposalivation [27] and was common in all
BMI groups in the study; however, we found inconsistent
associations between such treatment and hyposalivation.
Possibly, since the individuals in the sample were relatively
young, the time of pharmaceutical use may have been too
short to produce an effect on the saliva flow.

Regarding cariogenic microorganisms, higher numbers of
mutans streptococci could be expected given the caries
scores. On the other hand, the lactobacilli counts were high,
and the caries process involves both mutans streptococci
and lactobacilli [53] and other bacteria [54]. The unexpected
lower mutans streptococcus counts by higher BMI in our
results might possibly be seen as a chance variation. High
bacterial counts mirror the consumption of carbohydrates
and future studies should include dietary aspects [21,55].
Likewise, both saliva flow rates and saliva composition
should be investigated further in obese subjects, including
the full variety of substances in saliva, e.g. electrolytes.
However, in our study, the chosen saliva factors (flow rate
and microbiota) had no significant influence on the associa-
tions between obesity and dental caries.



Finally, the external validity of the results should be con-
sidered. Based on the sampling framework, and compared to
other studies, the results should be reasonably generalizable
to similar Western contexts.

To conclude, young obese women in the study exhibited
poor oral health and higher caries levels with higher BMI.
The associations were independent of modifying factors.
Dental care should adapt the prevention efforts for obese
individuals.
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