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Abstract

Objective Considering the rising prevalence of metabolic syndrome (MetS), this study aimed to investigate the
relationship between MetS and its components with oral and dental health in the adult population of the Azar
cohort.

Methods In this cross-sectional study oral health care behaviors, DMFT (decayed, missing, and filled teeth) index,

and demographic data related to 15,006 patients (5112 in the MetS group and 9894 in the healthy group) of the Azar
Cohort population aging from 35 to 70 were collected using appropriate questionnaires. The definition of MetS was
based on the National Cholesterol Education Program Adult Treatment Panel Il (ATP Ill) criteria. Then, the risk factors of
MetS related to oral health behaviors were determined by proper statistical analysis.

Results The majority of MetS patients were female (66%) and uneducated (23%) (P <0.001). In the MetS group, the
DMFT index (22.15+8.89) was significantly (p <0.001) higher (20.81 +8.94) than the no MetS group. Not brushing

at all was associated with increased odds of MetS (unadjusted OR=1.12, adjusted OR=1.18). Flossing less than
once a day was associated with increased odds of abdominal obesity (unadjusted OR=1.17, 95%CI=1.03-1.32) and
hyperglycemia (unadjusted OR=1.88, 95%Cl=1.61-2.20).

Conclusions This study showed that in MetS patients of the Azar cohort study, oral hygiene was worse compared to
that in the no MetS group. Further studies are suggested to encourage oral hygiene among the general population
which has more beneficiary effects than has been known before.
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Introduction

Oral and dental infections are among the most common
public health problems in most societies. The preva-
lence of dental caries and edentulism in the world’s adult
population is 35% and 30%, respectively. In the Iranian
people, the prevalence of caries of the first molar in chil-
dren in the first years of school was 17.9%, and the mean
decayed tooth and edentulous index were 2.85+1.7,
and 1.15+1.84 respectively. The mean number of filled
teeth is reported to be 3.33+1.7 [1-3]. It is thought
that chronic oral diseases such as periodontitis increase
the risk of cardiovascular disease, diabetes, and meta-
bolic syndrome (MetS); [4—6] for instance, several stud-
ies showed that the DEMT (decayed, missing, and filled
teeth) index was significantly higher in patients who
were overweight or obese compared to that in normal
weighted subjects. Previous data suggest that patients
with MetS should be regularly screened for periodontal
diseases and pay special attention to their oral hygiene
[7-9].

The prevalence of metabolic syndrome (MetS), also
called X syndrome, is 20 to 46% in various studies, and
the prevalence of this syndrome in Iran is reported to be
26% [10-12]. This syndrome consists of chronic inflam-
mation and insulin resistance, which lead to an increased
risk of heart disease, diabetes, stroke, and other disabili-
ties. In recent years, with the changes in lifestyle, nutri-
tion, and increased life expectancy, obesity and MetS
have dramatically increased; therefore, MetS is a global
pandemic [13].

As mentioned before, chronic oral diseases such as
periodontitis increase the likelihood of MetS, and the
cause is thought to be chronic inflammation due to
the immune system responding to the bacteria in den-
tal plaques leading to the alveolar bone and gingival
degeneration [14]. Studies have shown that mild chronic
inflammation is a risk factor for MetS [15]. Some stud-
ies have explored the presence of inflammation with oral
microflora. Si et al., in patients with MetS; the most com-
mon oral microorganisms were Catella granuloma and
Neisseria. In contrast, in the general population most
common oral microorganism is Peptococcus [16]. This
situation can accelerate the processes of MetS by creating
a chronic inflammatory state [16].

On the other hand, some researchers suggested that
the association between MetS and oral health could be
attributed to factors that can cause both conditions, such
as bad eating habits, and could not identify any correla-
tion between oral health and MetS [17, 18].

It is thought that brushing and flossing reduce plaque
load and immune response [19]. Some studies suggest
that dental treatments can help lower the blood sugar
levels in no MetS patients with diabetes. In return, drugs
used in treating dyslipidemia, such as statins, may have
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beneficial and promising effects on several aspects of
dental diseases. Some studies have reported the interfer-
ence of drugs used in treating dyslipidemia with dental
problems [20].

Socioeconomic inequalities have a close relationship
with oral health. In a study by Hamasha et al, it was
determined that in people with a higher body mass index,
low education level, an underlying systemic disease,
smoking, and edentulism, the DMFT index was signifi-
cantly higher than in healthy subjects [21].

Due to the high costs of dental care services, most peo-
ple do not have the opportunity to have regular dental
checkups. On the other hand, awareness about oral and
dental health behaviors is not at a favorable level. Despite
the studies conducted in this field, very few studies have
investigated the relationship between oral hygiene with
MetS and its components. Therefore, this study aimed to
investigate the relationship between oral health behaviors
with each component of MetS in the adult population of
the Azar cohort.

Methods

Study design & data sources

This cross-sectional study was approved by the regional
committee of biomedical research (No: IR.ARUMS.
REC.1401.046). The data was collected from the Azar
cohort study, which is part of a large-scale Persian cohort
study (Prospective Epidemiological Research Studies of
Iranian Adults) [22].

Setting & participants

From the 33,000 population (35-70 years) living in a
region in the Northwest of Iran, 15,006 subjects aged 35
to 70 years were included in the Azar cohort. Azar cohort
study is described in extensive detail elsewhere [23].

Characteristics of the participants

A total of 15,006 participants were included in this study.
We divided the participants to two groups based on the
presence or absence of MetS (Fig. 1). Participants with
MetS were called the MetS group, and participants with-
out MetS were called the no MetS group.

Variables/measurement

Metabolic syndrome assessment

Participants were instructed to refer to the cohort cen-
ter while fasting. After taking fasting blood samples,
biochemical factors such as fasting blood sugar (FBS), tri-
glyceride (TG), and high-density lipoprotein (HDL) levels
were measured with Parsazmoon kits. The definition of
MetS was based on the National Cholesterol Education
Program Adult Treatment Panel III (ATP III) criteria [24].
At least three of the following were needed to diagnose
MetS: TG2150 mg/dl (or drug treatment for elevated
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15006 subjects participated in the study

Collecting information regarding:
Demographic, Anthropometric
Measurements, Oral Hygiene,

DMFT, Medical History

Taking fasting blood samples for determining:
-Fasting blood sugar
-Triglyceride
-High -density lipoprotein cholesterol (HDL)

Based on Metabolic syndrome (defined by ATP III
criteria), subjects classified in 2 groups

No MetS group:
9894 subjects

MetS group:

5112 subjects

\/

Association between MetS and oral hygiene were evaluated by
logistic regression

Fig. 1 Flow chart of the study

TQ); waist circumference (WC)>102 cm in men and
>88 cm in women; HDL-C values of <40 mg/dl in men
and <50 mg/dl in women; systolic blood pressure>130
mmHg or diastolic blood pressure>85 mmHg or use of

antihypertensive medications; and FBS>100 mg/dl or
use of glucose-lowering drugs.
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Table 1 General characteristics of participants stratified by MetS
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Table 2 DMFT and its components and oral health behaviors of

MetS P -value participants based on MetS
No (n=9894) Yes(n=5112) MetS *P-value
N(%) N(%) No (n=9894) Yes(n=5112)
Gender *<0.001 Mean+SD Mean+SD
Male 4992(50%) 1720(33.6%) DMFT 20814894  2215+889  **<0.001
Female 4902(49.5%)  3392(66.4%) Median (Min- Max) 200-32  22(0-32)
Education level 0,001 Teeth number 15374110 1335+11.17  **<0.001
lliterate 1300(13.1%)  1204(23.6%) Median (Min- Max) 19(0-32) 16(0-32)
Primary school 3818(38.6%)  2043(40%) DMFT components
Diploma 3780(382%)  1556(30.4%) Decgyed Teeth 230+3.76 2.04+340 **<0.001
University 996(10.1%)  309(6%) Median (Min- Max) 00-32 00-32
o . Missing Teeth 1608+11.18  1813+1130  **<0.001
Quintiles of wealth index <0001 Viedian (Min- Max) 130-32)  15(0-32)
1(poorest) 2183(221)  1297(254) Filled Teeth 2444374 1994355  *<0.00]
2 1578(15.9)  953(186) Median (Min- Max) 0(0-29) 0(0-25)
3 2033(20.5) 1023(20) Frequency of tooth ***<0.001
4 2176(22) 949(18.6) brushing
45 (richest) 1924(19.4) 890(17.4) At least once a day 3156(31.9) 1359(26.6)
Current smoking status *<0.001 Unregularly 1790(18.1) 872(17.1)
No smoker 7262(73.4%)  4139(81%) Has denture 3227(32.6) 2049(40.1)
Ex-Smoker 852(8.6%) 394(7.7%) Do not brush 1721(17.4) 832(16.3)
Smoker 1582(16%) 497(9.7%) Using mouth wash ***0.47
Smoker other tobacco 198(2%) 82(1.6%) NO 9624(97.3) 4974(97.3)
products (water pipe, Yes 27002.7) 138(2.7)
hookah,pipe,) Use of dental floss **%0.03
Mean+SD  Meanx5D At least once a day 777(44.1) 302(40.1)
Age(years) 4828+9.11 52294902  **<0.001 Less than once a day 9117(92.1) 4810(94.1)
Weight (kg) 731441281 81.23+13.70 **<0.001 *» Mann-Whitney U test; ***P chi-square test
Waist circumference (cm) 90.8+10.56 101.08+9.55 **<0.001
BMI (kg/m?) 27454457 31514447  **<0001

*P:chi-square test;** P:independent t test

Oral hygiene assessment

Demographic and oral health information was collected
using a questionnaire. Brushing frequency (once a day,
twice a day, three times a day, other and not brushing),
the Decayed, Missing, and Filled Teeth (DMFT) index,
use of dental floss and mouthwash were evaluated.

Anthropometric measures
The height, weight, and waist circumference (WC)
parameters were measured based on standard criteria.
Body mass index (BMI) was calculated using the weight
(kg)/height (m?) formula.

Socioeconomic status (SES) assessment

The SES index was calculated based on the number of
trips abroad, access to computers, laptops, washing
machines, dishwashers, etc., and the place of residence as
a wealth score index (WSI).

Statistical analysis

Participants were categorized by the presence of MetS,
and an appropriate comparative analysis was con-
ducted to determine the differences. In each group, the

percentage of each oral health indicator was compared
using the chi-square test. Scale variables were compared
with the Independent T-test and Mann-Whitney U test
considering the data were not normally distributed. The
association between oral health behaviors, MetS and its
components were evaluated by logistic regression. Con-
founding factors include age, gender, level of education,
and WSI, and models were adjusted for these factors.
P<0.05 indicated statistical significance, and SPSS wv.
11(SPSS Inc., Chicago, IL, USA) was used for all analyses.

Results

General characteristics of participants

Mean age was 48.2819.11 years in the no MetS group
and 52.29+9.02 years in the MetS group (P<0.001).
The majority of the MetS group (66.4%), and about half
(49.5%) of the no MetS group were females (P<0.001)
(Table 1).

DMFT and oral hygiene
As shown in the Table 2 the DMFT index in the MetS
group was higher than the no MetS group (22.15%+8.89
vs. 20.81£8.94) (P<0.001).

In the MetS group, the frequency of brushing
(P<0.001) and flossing (P=0.03) was lower than those
in the no MetS group, and many of these patients had
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Table 3 Anthropometric measurements and biochemical factors of participants in relation to oral health behavior

Frequency tooth brushing (times/day) Use of dental floss

Atleastonce Unregularly Hasdenture Do notbrush *P Atleastonce Lessthan **p

aday -value aday once a day -value

mean +SD mean +SD mean +SD mean +SD mean +SD mean +SD
Weight (kg) 753741298  7891+1370 7340+£1330 7885+1462 <0001 7550+1287 7593+13.77 031
Hip circumference (cm) 105.06+845 105.76+8.69  103.24+8.85 10469+9.03 <0.001 104.79+£8.13 10446+884  0.22
Waist circumference (cm) 92441072  9542+11.06  9463+£1152 9569+11.84 <0.001 9212+£1042 9446+1138 <0.001
BMI (kg/m?) 28.66+4.60 29.42+4.88 28.58+5.03 29.04+524 <0001 2829+448 28.87+£4.95 <0.001
SBP (mmHg) 11035+£1591 111.99£1601 11671+£1794 11534£17.15 <0001 10830+£1438 114.15£17.22 <0.001
DBP (mmHg) 7245+9.67 7340+9.71 73.77+£9.67 7466+£10.06 <0001 71.68+9.30 73.60+£9.80 <0.001
Cholesterol (mg/dl) 190.01+3825 191.53+£39.80 19797+4142 189.20£39.94 <0.001 189.08+3875 193.24+40.21 0.001
TG(mg/dl) 146.81+7828 157.07£86.10 148.09+83.25 153.62+£9584 <0001 148.63+81.29 150368495 0.51
FBS (mg/dI) 93.87+2640  9753+3022  103.23+3581 101.52+3508 <0.001 91.77+2505 99.68+32.79  <0.001
HDL-C(mg/dI) 46061060 4496+1047 4738+1144  44.16+10.51 <0001 4588+11.02 46.02+1092 0.68
LDL (mg/dl) 11456+32.66 11528+3394 121.07+3537 11445+£3443 <0001 113.73+£33.60 117.20+34.33 0.001

*P: ANOVA; ** P:independent t test

Table 4 The association between oral health behaviors of participants and MetS and its components

frequency of tooth brushing

Use of dental floss

Atleastonceaday  Unregularly Has denture Do not brush Atleastonceaday  Lessthan once aday
OR (95%(Cl) OR (95%Cl) OR (95%Cl) OR (95%(Cl) OR (95%Cl) OR (95%Cl)
MetS
Unadjusted Reference 1.13(1.02-1.25)  147(1.35-1.60) 1.12(1.01-1.24)  Reference 1.35(1.18-1.55)
Abdominal obesity
Unadjusted Reference 1.00(091-1.10)  1.16(1.07-1.25)  0.77(0.70-0.85)  Reference 1.17(1.03-1.32)
High blood pressure
Unadjusted Reference 1.09(097-1.22)  2.25(2.06-246) 140(1.25-1.56)  Reference 1.86(1.60-2.17)
Hyperglycemia
Unadjusted Reference 1.28(1.15-143)  2.00(1.82-2.18)  1.69(1.52-1.89)  Reference 1.88(1.61-2.20)
Low HDL-c
Unadjusted Reference 0.89(0.81-0.98)  0.72(0.66-0.78)  0.75(0.68-0.82)  Reference 0.82(0.73-0.93)
Hypertriglyceridemia
Unadjusted Reference 1.19(1.08-131)  0.97(0.89-1.05)  1.02(0.92-1.13)  Reference 0.89(0.78-1.01)

dentures. Interestingly, 97.3% of the patients never
used mouthwash. There was not a significant difference
between the two groups in the MetS of using mouthwash
(P=0.47).

Individuals who had brushed their teeth at least
once a day had a significantly smaller WC (p<0.001),
lower weight (P<0.01), lower diastolic blood pressure
(P<0.001), lower serum TG (P<0.001), higher serum
HDL-C (P<0.001), and lower FBS (P<0.001) (Table 3).

Participants who flossed at least once a day had a sig-
nificantly smaller WC (P <0.001), lower BMI (P<0.001),
lower serum Cholesterol (P=0.001), lower SBP
(P<0.001), lower DBP (P<0.001), lower serum LDL-C
(P=0.001), and lower FBS (P<0.001) (Table 3).

Oral and dental risk factors of MetS

A logistic regression model was used to identify the asso-
ciations between oral health behaviors and MetS. An
increasing crude odds of MetS (unadjusted OR=1.47,
95%CI=1.35-1.60), abdominal obesity (unadjusted

OR=1.16, 95%CI=1.07-1.25), high blood pressure
(unadjusted OR=2.25, 95%CI=2.06-2.46), and hyper-
glycemia (unadjusted OR=2.00, 95%CI=1.82-2.18) were
observed in subjects who had a denture (Table 4). After
adjusting for age and gender, education level, and WSI
having a denture became a protective factor (Fig. 2).

Not brushing at all was predictive of increased
odds of MetS (unadjusted OR=1.12, 95%CI=1.01-
1.24), high blood pressure (unadjusted OR=1.40,
95%CI=1.25-1.56), and hyperglycemia (unadjusted
OR=1.69, 95%CI=1.52-1.89) (Table 4). After adjust-
ing, not brushing the teeth was predictive of the odds
of MetS (OR=1.18, 95%CI=1.05-1.33), abdominal obe-
sity (OR=1.28, 95%CI=1.13-1.44), and hyperglycemia
(OR=1.30, 95%CI=1.16-1.47) (Fig. 2).

Irregular brushing increased the crude odds ratio of
MetS by 1.13 folds (unadjusted OR=1.13, 95%CI=1.02—
1.25), hyperglycemia (unadjusted OR=1.28,
95%CI=1.15-1.43), and hypertriglyceridemia (unad-
justed OR=1.19, 95%CI=1.08-1.31) (Table 4). After
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Fig. 2 The association between oral health behaviors of participants and MetS and its components (adjusted for age, gender, education level, socioeco-

nomic status)

adjusting for confounding factors, irregular brushing
was associated with increased odds of MetS (OR=1.23,
95%CI=1.10-1.37), abdominal obesity (OR=1.38,
95%CI=1.23-1.54), hypertriglyceridemia (OR=1.18,
95%CI=1.07-1.31), and hyperglycemia (OR=1.19,
95%CI=1.06-1.33) (Fig. 2)

Flossing less than once a day increased the odds of
abdominal obesity (unadjusted OR=1.17, 95%CI=1.03—
1.32) and hyperglycemia (unadjusted OR=1.88,
95%CI=1.61-2.20) (Table 4) when unadjusted; after
adjustment for age, gender, education, and WSI, the
increase was still significant (Fig. 2).

Discussion

The prevalence of MetS in our study was 34.06%, which
is similar to the study of Souza et al. [25] and Kim et al.
[26, 27] and higher compared to Kobayashi et al. [27] and
Furuta et al. [28] studies. Habitual similarities in differ-
ent societies could explain the differences in MetS preva-
lence. The lower prevalence of MetS in latter studies may
be due to the higher SES of their participants.

Our findings suggest that in people who do not brush
their teeth, there is an increased risk of abdominal obe-
sity, and hyperglycemia after adjustment for age, gender,
education, and WSI, and therefore the risk of MetS was
higher in those people. We found out that irregular tooth
brushing was associated with increased odds of MetS,
abdominal obesity, hypertension, hyperglycemia, and
hypertriglyceridemia after adjusting for confounding fac-
tors; these findings are consistent with Furuta et al., [28]

which was carried out as a 5-year longitudinal study and
established that tooth brushing habits might play a role
in obesity and hyperglycemia. Kobayashi et al. [27], eval-
uated whether brushing the teeth more frequently can
prevent MetS and found that brushing the teeth more
than three times a day has a protective effect against
MetS and hypertriglyceridemia. Tooth brushing leads to
a reduction in oral bacteria and also lower inflammation,
which is associated with higher MetS prevalence in for-
mer studies [26].

As mentioned before, several studies suggest that dys-
biosis of oral microbiota is responsible for such results,
and breaking the vicious cycle of dysbiosis could further
enhance the metabolic state [29-32].

Having a denture was associated with increased crude
odds of MetS, abdominal obesity, hypertension, and
hyperglycemia; after adjustment for age, gender, educa-
tion, and WSI, interestingly, having a denture was asso-
ciated with decreased odds of MetS, abdominal obesity,
hypertension, and hypertriglyceridemia; which supports
the theory of mild chronic inflammation as a cause for
MetS; as in the study of Khazaei et al. [33] in Iran, the
prevalence of diabetes was lower among patients with
edentulism. Teles et al. [34] found out that after a profes-
sional cleaning, dentures will have lesser colonization of
total bacteria compared to natural teeth. In a compara-
tive study, O'Donnell et al. [35] explored the composi-
tion of denture plaque and pointed out that in edentulous
patients the microbiome has less diversity and less colo-
nization of Actinomyces, Haemophilus, Corynebacterium,
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and Veillonella compared to subjects who had both the
denture and natural teeth. Our study is consistent with
these results as we also demonstrated that having den-
tures might have a protective effect against MetS by
reducing dysbiosis.

However, many studies argued that edentulism is asso-
ciated with increased odds of MetS and its components;
Zhu et al. [36] found out teeth number had a reverse rela-
tion with MetS and its components although this associa-
tion was not observed in older adults. The difference may
be the result of undiagnosed cofounder factors related to
the age of participants.

We also observed that participants with MetS lost
more teeth than the general population, similar to Souza
et al. [25], Ono et al. [37], and Saito et al. [38] studies.
These might be caused by similar oral health routines and
higher consumption of fermentable carbohydrates and/or
high-fat foods in the mentioned studies. These findings
may be initially confusing; however, it is suspected that
losing teeth in MetS participants results from inflamma-
tion. Follow-up and comparing the oral microbiota of the
patients and inflammatory markers could enlighten this
matter.

In our study mean DMFT index was 22.15%+8.89 in the
MetS group and 20.81+£8.94 in the no MetS group. The
relationship between DMFT and MetS in this study was
similar to previous studies; however, the DMFT index
was much more than the study of Adachi et al,,[39] and
Iwasaki et al. [40]. This difference may be attributed to
higher health awareness among the participants of those
studies. The higher mean missing teeth number in our
study can indicate lower oral hygiene and a lack of rou-
tine health check-ups in our population.

Unlike the study of Kim et al. [26], in our population,
not using dental floss was only associated with abdomi-
nal obesity and hyperglycemia. In contrast, they found
that not using dental floss was associated with MetS, and
hypertension, and was not associated with hyperglyce-
mia. This inconsistency may be due to infrequent flossing
among participants of our study. This is the first study to
assess the correlation of oral health behaviors with MetS
and its components in Iran. The large sample size and
inclusion of different population groups, make the results
more generalizable. However, this study had two limita-
tions: First, the associations were not adjusted for dietary
habits and periodontitis. Second, this was a MetS -no
MetS study, and further research such as animal experi-
ments and cohort follow-up studies could lead to clear
findings.

In conclusion, oral hygiene behavior is associated with
the components of MetS. As observed in our study, the
rate of MetS and dental caries is higher and oral hygiene
is worse in the MetS group. Further studies are suggested
to encourage oral hygiene among the general population
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which has more beneficiary effects than has been known
before.
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