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Abstract

Background

Considering the high prevalence of dental caries in adults, it is necessary to study its risk

factors to prevent the disease. Gastroesophageal reflux disease (GERD) is a common

chronic disease with an increasing incidence that may affect the quality and quantity of

saliva.

Objectives

This study aimed to determine the association of gastroesophageal reflux disease (GERD)

with dental caries according to the DMFT index in the Azar cohort population.

Materials and methods

This cross-sectional study was performed on data obtained from the enrollment phase of

the Azar Cohort Study (ACS), conducted on 15,000 adults aged 35 to 70. Data of 905 sub-

jects with gastroesophageal reflux disease in the ACS—without full denture—together with

a control group of 1894 subjects, who were matched in terms of gender and age, were

included in this study. Dental caries data and data on GERD, demographic and socioeco-

nomic characteristics, individual and nutritional habits, BMI, and toothbrushing frequency

were elicited from the databank of the ACS center. A Generalized Linear Models assuming

negative binomial distribution with a log-link function was used for analytical statistics to

examine the effect of possible confounding variables.

Results

The DMFT index in the group with GERD was 15.09±6.18, and for the control group was

15.00±6.07. No statistical association was seen between GERD and dental caries. Among
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the variables included in the regression analysis, being younger and toothbrushing one or

more times per day were associated with a lower DMFT index score.

Conclusion

According to the results, having GERD did not increase the risk of dental caries. However,

due to the cross-sectional design of the study, the results should be interpreted cautiously.

The results showed that oral hygiene is one of the most influential factors in reducing dental

caries prevalence.

Introduction

Although dental caries is usually preventable, many people worldwide still suffer from its pain

and discomfort, and it imposes high medical costs on individuals and societies [1]. According

to previous reports, oral disorders are still a public health challenge [2], and dental caries

remains one of the leading health problems in most countries, affecting most adults [3]. A

study in 2007 [4] showed that the DMFT index in Iranian adults aged 34–44 was 11±6.4,

which was in the range reported for this age group by the World Health Organization (WHO)

in 2004. Approximately 33% of Iranian adults [4] and 35% of the world’s population had

untreated caries in permanent teeth, so it has remained the most common public health prob-

lem in the last three decades [5]. Differences in oral health status in different societies indicate

that behavioral aspects and various socioeconomic and environmental factors prevail in coun-

tries and within populations [3].

Dental caries is a complex and multifactorial disease with several proximal and distal deter-

minants. The main risk factors for dental caries are diet, a susceptible host, and microorgan-

isms which act in a complex context of socioeconomic, behavioral, environmental, and

demographic factors. In fact, individual behaviors such as oral hygiene habits or dietary pat-

terns are determined by socioeconomic status in which people are born, grow up, work, and

age. These conditions provide the opportunities for and limit individual behaviors [6].

It is indicated that some systemic diseases are related to dental caries development. Gastro-

esophageal reflux disease (GERD) is a condition that may potentially cause tooth decay due to

the changes it creates in the oral cavity, such as the oral pH drop, decreased salivation, and dis-

ruption of its buffering capacity [7]. Gastroesophageal reflux is a physiological process of

effortless backward movement of the contents of the stomach to the esophagus; in contrast,

gastroesophageal reflux disease (GERD) occurs when the rate of gastroesophageal reflux is

higher than expected and is recognized by both classic and atypical symptoms [8]. Regurgita-

tion and heartburn are usual symptoms of GERD [9]. GERD risk factors are divided into two

categories: non-modifiable risk factors, including age, sex, ethnicity, and modifiable risk fac-

tors, including lifestyle, dietary habits, and body weight [10]. Gastroesophageal reflux disease

is a highly prevalent disease with an estimated prevalence of 43.07% in the Iranian population

[11]. The overall approximate daily prevalence of GERD has been reported to be 10–20% in

Europe and the USA and less than 5% in Asia [12], with 5.64% (95% CI: 3.77–8.35) in the Ira-

nian population [11]. A review showed that the incidence of GERD is increasing mainly in

North America and East Asia [13], and it is expected to continue to increase due to new dietary

habits and lifestyles [7].

The minerals of the tooth surface are in a dynamic equilibrium with the oral fluids, and the

enamel of teeth demineralizes and remineralizes several times a day [6]. Caries develop when

PLOS ONE Gastroesophageal reflux disease and dental caries among adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0289802 August 10, 2023 2 / 14

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0289802


the balance between these phases is disturbed, and demineralization overcomes remineraliza-

tion. Saliva is one of the efficient factors in neutralizing the acids produced by bacteria and

helps the remineralization phase [6]. Some studies have shown that the quality and quantity of

saliva [14, 15] change in patients with GERD. Studies have reported conflicting results regard-

ing the association of GERD with caries. Some studies have reported more caries in individuals

with GERD, attributing it to several factors, including changes in the composition and volume

of saliva or immunological changes [14, 16, 17]. Some other studies have shown that Strepto-
coccus mutans counts decrease due to a significant drop in salivary pH in patients with GERD,

leading to the conclusion that this factor can reduce the incidence of caries in this group [18–

20]. On the other hand, some studies have shown no association between the disease and an

increase in dental caries rate [21–23]. Considering the high prevalence of dental caries and

GERD and contradictions in the relationship between dental caries and GERD in previous

studies, the present study aimed to determine the association of gastroesophageal reflux dis-

ease (GERD) and dental caries in the Azar cohort population. This study hypothesizes that

there is no association between having GERD and dental caries development, considering

potential confounders.

Methods

Design and setting

All the data used in the present analytical cross-sectional study were obtained from the enroll-

ment phase of the Azar Cohort Study (ACS). The ACS was framed in three phases: (1) the

pilot phase; (2) the enrolment of participants phase; and (3) three follow-up phases for 15

years. It is a large epidemiological study with a sample size of 15,000 subjects aged 35–70 in the

northwest of Iran in Shabestar, a city in East Azerbaijan Province. The ACS is part of a large

prospective longitudinal project called the Persian Cohort (Prospective Epidemiological

Research Studies in Iran), which aims to collect data about the relevant risk factors of prevalent

non-communicable diseases (NCDs) in Iran [24, 25]. Four valid and reliable questionnaires

consisting of 482 items were used to collect data in the Persian cohort, and face-to-face inter-

views and clinical examinations were used to complete these questionnaires, and the informa-

tion was registered online in the cohort study database [25, 26].

The recruitment phase of the ACS started in October 2014 and continued until 2015. The

profile of the ACS and research methods have been described previously [26]. The ACS was

approved by the Ethical Committee of Tabriz University of Medical Sciences (record number:

tbmed.rec.1393.205). Ethical approval of the present study was received from the Ethics Com-

mittee of Tabriz University of Medical Sciences (IR.TBZMED.REC.1401.080) on April 2022,

and after that, the Azar Cohort Center provided access to data needed in this study [24–26].

Participants and sample size

In the present study, data from subjects with a history of GERD in the ACS were recruited.

The GERD group consisted of patients who provided positive answers to these questions from

the medical questionnaire of the ACS: “Have you ever been diagnosed with gastroesophageal

reflux disease?” and “Have you had reflux of food from the stomach to the esophagus in the

past year?”. A total of 2010 patients with GERD were identified in the Azar cohort population.

Subjects with full dentures were excluded from this study, and data of 905 subjects without full

dentures qualified for the GERD group. Also, a comparison group, including subjects without

GERD, who had no full dentures and were matched in terms of gender and age, was selected

randomly from the ACS databank. Considering 1894 subjects in the control group, data from
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2799 participants were included in this study. Fig 1 presents the selection process of the study

subjects.

Variables and data measurement

All the data for this study were obtained from the databank of the ACS. One general, two med-

ical, and one nutrition questionnaire were used to collect information in the Azar cohort study

[25, 26]. Among the variables of the Azar cohort study used in the present study, dental caries

and body mass index (BMI) were measured based on clinical examinations by trained examin-

ers. Dental caries was recorded as the number of decayed, missing, and filled teeth (DMFT

index) according to WHO criteria [27], and the examiner was uninformed of the systemic con-

ditions of the participants. GERD history and the frequency of regurgitation in the ACS were

collected using a medical questionnaire by face-to-face interview method and based on the

participants’ self-report. Information on demographic characteristics (age and gender) and

socioeconomic conditions (educational level and wealth score index) was gathered by the gen-

eral questionnaire. According to the Persian Cohort Study, to measure economic status, the

wealth score index was recorded based on long-lasting belongings and housing characteristics.

Information related to behavioral habits (toothbrushing frequency, tobacco use, alcohol drink-

ing, and consumption of free sugars) was extracted from the medical questionnaire and the

food frequency questionnaire [26].

In the present study, the frequency of regurgitation was divided into three groups based on

the data distribution in the samples, including once or more/week, 2–3 times/month, and no

regurgitation [28]. The educational level was classified into two groups: (1) illiterate, elemen-

tary school, and middle school (0–8 years of schooling) and (2) high school, high school gradu-

ate, and higher education, including associate degree, bachelor’s degree, master’s degree, and

doctorate (�9 years of schooling). The wealth score index was classified into five groups from

the poorest to the richest (very poor� -.7966159, poor = -.7966160 to -.3232089, moderate =

-.3232090 to .2767860, good = .2767861 to .8069400, and very good = .8069401+). The mea-

surement of food consumption in the food frequency questionnaire of the ACS was based on

the amount and frequency of daily, weekly, monthly, and yearly consumption. Categorizing

the free sugars consumption (gr/day) was based on the data distribution in the sample (Sweet

foods:�10.34, 10.35–23.90, and>23.91; sweet drinks:�18.93, 18.94–62.08, and�62.09; natu-

ral fruit juice:�0.000, 0.001–7.56 and�7.57). The body mass index was categorized into three

groups: overweight (�25), normal (18.5–24.9), and underweight (<18.5).

Fig 1. Flow diagram of the number of study subjects.

https://doi.org/10.1371/journal.pone.0289802.g001
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Statistical analysis

Data analysis was conducted by IBM SPSS Statistics for Windows, version 20 (IBM Corp.,

Armonk, N.Y., USA) at a significance level of<0.05. In the present study, the DMFT index

was used as the outcome variable. Independent sample t-test and one-way ANOVA were used

to compare the mean DMFT scores between subgroups.

Considering the DMFT index as a count data and according to its distribution, the negative

binomial with log-link function in Generalized Linear Models (GLM) analysis was used to

analyze the relationship between dental caries and the independent variables. According to the

aim of this study, the main independent variables that might be affecting dental health were

GERD and the frequency of food regurgitation. The variables potentially affecting this rela-

tionship, considering confounding effects, include demographic factors (age and gender),

socioeconomic status (wealth score index and educational level), behavioral habits (tobacco

use, alcohol consumption, frequency of toothbrushing, consumption of sweet foods and bever-

ages containing free sugars), and BMI. The variables whose p-value was<0.2 in the univariate

analysis were considered for being included in the multiple regression analysis. The variable

selection process for the multiple regression was based on the backward-stepwise method.

Results

Description of the sample

In the study population of the Azar cohort, 905 subjects with GERD did not have full dentures

and entered as GERD group. In the present study, more than 60% of the participants were

women. About half were in the age range of 35–45 years. Half of the participants had less than

9 years of education, and this was 63% in people with GERD. Most participants belonged to

the middle or higher groups regarding the wealth score index. Considering individual habits,

around 12% of subjects used tobacco, 2% used to have alcoholic drinks, and 60% brushed their

teeth once or more per day. In the group with GERD, about half of the participants brushed

their teeth once or more per day. Two-thirds of participants did not report regurgitation

symptoms, and nearly 80% were overweight or obese. The DMFT index score varied between

0 and 32 for the participants. The mean DMFT (SD) in the groups with GERD and the control

group were 15.09 (6.18) and 15.00 (6.07), respectively. Table 1 shows the frequency distribu-

tions of the evaluated variables in the subjects with GERD and control groups.

Analytical results

Although the DMFT index was higher in the group suffering from GERD than in the control

group, both compare mean analysis and univariate regression analysis indicated no statistical

association between GERD and dental caries. Table 2 presents the mean ± SD for DMFT in

different subgroups of independent variables separately for the group suffering from GERD

and the control group.

In the univariate analysis, a significant relationship was observed between the DMFT index

and the variables of educational level (p = 0.02) and frequency of toothbrushing (p�0.001).

The variables whose p-value was < 0.2 and included in the multiple regression analysis were

age at the interview, years of education, tobacco use, and toothbrushing frequency.

The results of the multiple regression analysis showed a significant association between the

outcome variable and toothbrushing frequency so that lack of daily toothbrushing was associ-

ated with an increase in dental caries prevalence of approximately 4-fold [IRR = 4.43 (95% CI:

2.85–6.90), p�0.001]. Also, in this study, there was significantly less dental caries in younger

age groups of 35–45 years and 46–55 years [IRR = 0.01 (95% CI: 0.00–0.09) p�0.001 &
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Table 1. Characteristics of the participants in the GERD and control groups.

Variables Categories GERD group (N %) N = 905 Control group (N %) N = 1894 Total (N %) N = 2799
Gender

Female 560 (61.88) 1158 (61.14) 1718 (61.38)

Male 345 (38.12) 736 (38.86) 1081 (38.62)

Age at interview
35–45 482 (53.26) 992 (52.37) 1474 (52.66)

46–55 323(35.69) 662 (34.95) 985 (35.19)

56–65 90 (9.94) 214 (11.30) 304 (10.86)

�66 10 (1.11) 26 (1.38) 36 (1.29)

Wealth score index
Very poor 146 (16.13) 230 (12.14) 376 (13.42)

Poor 117 (12.93) 178 (9.40) 295 (10.54)

Moderate 201 (22.21) 343 (18.11) 544 (19.44)

Good 224 (24.15) 491 (25.92) 715 (25.54)

Very good 217 (23.98) 652 (34.42) 869 (31.05)

Years of education
0–8 569 (62.87) 852 (44.98) 1421 (50.77)

�9 336 (37.12) 1042 (55.02) 1378 (49.23)

Tobacco use
Yes 106 (11.71) 234 (12.35) 340 (12.15)

No 799 (88.29) 1660 (87.65) 2459 (87.85)

Alcohol drinking
Yes 17 (1.88) 40 (2.11) 57 (2.04)

No 888 (98.12) 1854 (99.89) 2742 (97.96)

Toothbrushing
<1/day 455 (50.28) 668 (35.27) 1123 (40.12)

�1/day 450 (49.72) 1226 (64.73) 1676 (59.88)

Sweet foods (gr/day)
(Free sugars: gr/day) >23.91 268 (29.61) 654 (34.55) 922 (32.95)

10.35–23.90 320 (35.36) 601 (31.75) 921 (32.92)

�10.34 317 (35.03) 638 (33.70) 955 (34.13)

Sweet beverages
(Free sugars: gr/day) �62.09 243 (26.85) 644 (34.02) 887 (31.70)

18.94–62.08 280 (30.94) 606 (32.01) 886 (31.67)

�18.93 382 (42.21) 643 (33.97) 1025 (36.63)

Natural fruit juice
(Free sugars: gr/day) �7.563 260 (28.73) 638 (33.70) 898 (32.09)

.001–7.562 235 (25.97) 442 (23.35) 677 (24.20)

�0.000 410 (45.30) 813 (42.95) 1223 (43.71)

Body Mass Index (kg/m2)
<18.5 2 (0.22) 11 (0.58) 13 (0.46)

18.5–24.9 167 (18.45) 425 (22.44) 592 (21.15)

� 25 736 (81.33) 1458 (76.98) 2194 (78.39)

Frequency of regurgitation
Once or more/week 60 (6.63) 45 (2.38) 105 (3.75)

2–3 times/month 154 (17.02) 249 (13.14) 403 (14.40)

No 691 (76.35) 1600 (84.48) 2291 (81.85)

DMFT (Mean ± SD) 15.09 ± 6.18 15.00 ± 6.07 15.03 ± 6.10

https://doi.org/10.1371/journal.pone.0289802.t001
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Table 2. The mean ± SD of DMFT in independent variables in the GERD and control groups.

Variables Categories GERD group Mean ± SD p-value Control group Mean ± SD p-value
Gastroesophageal reflux disease 0.73€

Yes 15.09 ± 6.18 ------
No ------ 15.00 ± 6.07

Frequency of regurgitation 0.87*
Once or more/week 14.74 ± 5.32 14.70 ± 5.33 0.57*
2–3 times/month 14.91 ± 5.80 15.36 ± 6.08

No 15.15 ± 6.31 14.94 ± 6.07

Gender
Female 14.54 ± 5.60 �0.001€ 14.91 ± 5.60 0.42€

Male 15.97 ± 6.93 15.15 ± 6.74

Age at interview
35–45 13.51 ± 5.73 �0.001* 13.75 ± 5.57 �0.001*
46–55 16.15 ± 5.75 15.87 ± 6.13

56–65 19.28 ± 6.72 17.73 ± 6.46

�66 18.90 ± 9.40 18.04 ± 7.27

Wealth score index
Very poor 15.84 ± 6.62 0.02* 16.05 ± 6.51 0.08*
Poor 16.19 ± 6.06 15.17 ± 6.44

Moderate 15.15 ± 6.12 14.87 ± 6.15

Good 14.13 ± 6.24 14.74 ± 5.99

Very good 14.91 ± 5.81 14.85 ± 5.78

Years of education
0–8 15.72 ± 6.33 �0.001€ 15.70 ± 6.34 �0.001€

�9 14.01 ± 5.77 14.43 ± 5.77

Tobacco use
Yes 17.19 ± 7.04 �0.001€ 16.29 ± 7.27 �0.001€

No 14.81 ± 6.00 14.82 ± 5.84

Alcohol drinking
Yes 15.12 ± 7.92 0.22€ 16.55 ± 7.91 0.98€

No 15.09 ± 6.15 14.97 ± 6.02

Toothbrushing
<1/day 15.96 ± 6.61 �0.001€ 16.03 ± 6.75 �0.001€

�1/day 14.21 ± 5.58 14.44 ± 5.58

Sweet foods (gr/day)
(Free sugars: gr/day) >23.91 14.68 ± 6.09 0.08* 15.12 ± 5.94 0.82*

10.35–23.90 14.81 ± 5.91 14.95 ± 6.09

�10.34 15.71 ± 6.48 14.93 ± 6.18

Sweet beverages
(Free sugars: gr/day) �62.09 15.18±6.15 0.69* 15.24 ± 6.16 0.46*

18.94–62.08 14.83±5.93 14.89 ± 5.95

�18.93 15.22±6.38 14.87 ± 6.12

Natural fruit juice
(Free sugars: gr/day) �7.563 14.91 ± 6.49 0.69* 14.80 ± 6.13 0.56*

0.001–7.562 14.94 ± 6.38 15.15 ± 6.52

�0.000 15.28 ± 5.86 15.09 ± 5.75

Body Mass Index (kg/m2)

(Continued)
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IRR = 0.12 (95% CI: 0.02–0.82) p = 0.03, respectively]. Table 3 presents the results of univariate

and multiple regression analysis using negative binomial regression to determine the effect of

independent variables on the DMFT index.

Discussion

The most common dental complication reported in patients with gastroesophageal reflux dis-

ease (GERD) is tooth erosion [29, 30]; however, few studies have investigated the relationship

between this medical condition and dental caries [19–23]. The present study aimed to deter-

mine the association between GERD and dental caries based on the DMFT index, considering

potential confounding variables through regression analysis. There was no significant associa-

tion between GERD and a higher rate of dental caries compared with healthy subjects. The

results showed no significant association between DMFT index score and the frequency of

regurgitation, gender, socioeconomic status, BMI, use of tobacco and alcohol, and consump-

tion of sweet foods, sweet drinks, and natural fruit juice. However, a significant relationship

was observed between lower DMFT and being younger and daily toothbrushing frequency.

Our study did not show any significant relationship between GERD and a higher rate of

dental caries, which was in line with the results of studies by Watanabe, Sı̂mpălean, and

Munoz [21–23]. However, some studies revealed a possibility of increased dental caries in

patients with GERD due to decreased salivary flow, swallowing dysfunction and low salivary

buffering capacity [14, 16]. It has been reported that some other factors like parafunctional

habits, such as bruxism, or the individual’s lifestyle, such as improper oral hygiene, play a role

in increasing caries in patients with GERD [31, 32]. A study by Borysenko et al. indicated that

the prevalence and intensity of dental caries were high in patients with GERD compared with

healthy controls and concluded that it could be attributed to immunological changes in GERD

patients [17]. On the other hand, some studies showed lower dental caries rates in patients

with GERD compared with healthy subjects as a result of dramatic oral pH drops due to acid

reflux. These studies indicated that pH drop leads to a reduction in the population of the bacte-

ria, including Streptococcus mutans colonies, as the main microbial aetiological factor in the

development of tooth decay. Filipi explained that although S. mutans can survive in pH values

<4.2, the pH decline in the oral cavity of GERD might be so remarkable that it can stop the

metabolic activity of S. mutans [18–20]. It might be concluded that in patients suffering from

GERD, despite the decrease in the quantity and quality, and buffering capacity of saliva, which

can lead to a higher risk of caries, the decline in the population of cariogenic bacteria in the

oral cavity leads to a lower risk of caries. The combination of these two factors possibly leads

to the absence of a significant relationship between GERD and dental caries.

The present study showed a significant relationship between the participants’ age and the

DMFT index score, with less dental caries in the younger age groups, consistent with other

studies. This finding might be attributed to the fact that the effects of risk factors in caries

Table 2. (Continued)

Variables Categories GERD group Mean ± SD p-value Control group Mean ± SD p-value
<18.5 18.00 ± 2.83 0.33* 16.55 ± 6.99 0.69*
18.5–24.9 15.65 ± 6.34 14.94 ± 6.23

�25 14.95 ± 6.14 15.01 ± 6.01

*One-way ANOVA
€ Independent sample t-test

https://doi.org/10.1371/journal.pone.0289802.t002

PLOS ONE Gastroesophageal reflux disease and dental caries among adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0289802 August 10, 2023 8 / 14

https://doi.org/10.1371/journal.pone.0289802.t002
https://doi.org/10.1371/journal.pone.0289802


Table 3. Univariate and multiple regression analysis of the association between DMFT index and independent variables using the negative binomial with log-link

function in Generalized Linear Models (n = 2799).

Variables Categories IRR* p-value IRR* p-value
Gastroesophageal reflux disease

Yes 1.01 (0.93–1.09) 0.89

No 1

Frequency of regurgitation
Once or more/week 1.04 (0.85–1.28) 0.68

2–3 times/month 1.00 (0.90–1.12) 0.98

No 1

Gender
Female 0.96 (0.89–1.04) 0.30

Male 1

Age at interview€

35–45 0.74 (0.53–1.05) 0.09 0.01 (0.00–0.09) �0.001

46–55 0.87 (0.62–1.23) 0.44 0.12 (0.02–0.82) 0.03

56–65 0.99 (0.70–1.42) 0.98 1.06 (0.14–7.97) 0.96

�66 1 1

Wealth score index
Very poor 1.07 (0.95–1.22) 0.26

Poor 1.05 (0.91–1.20) 0.51

Moderate 1.01 (0.90–1.13) 0.90

Good 0.98 (0.88–1.08) 0.68

Very good 1

Years of education€

0–8 1.10 (1.02–1.18) 0.02

�9 1

Tobacco use€

Yes 1.12 (0.99–1.26) 0.06

No 1

Alcohol drinking
Yes 1.07 (0.82–1.41) 0.60

No 1

Toothbrushing€

<1/day 5.04 (3.19–7.97) �0.001 4.43 (2.85–6.90) �0.001

�1/day 1 1

Sweet foods
(Free sugars: gr/day) >23.91 0.82 (0.47–1.43) 0.49

10.35–23.90 0.75 (0.43–1.31) 0.31

�10.34 1

Sweet beverages
(Free sugars: gr/day) �62.09 1.26 (0.73–2.17) 0.41

18.94–62.08 0.88 (0.51–1.53) 0.65

�18.93 1

Natural fruit juice
(Free sugars: gr/day) �7.563 0.73 (0.43–1.23) 0.23

0.001–7.562 0.93 (0.52–1.65) 0.80

�0.000 1

Body Mass Index (kg/m2)

(Continued)
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development are cumulative and increase with age [6, 23, 33, 34]. In addition to age, a statisti-

cally significant relationship was observed between brushing teeth once a day or more and

lower DMFT index scores. Toothbrushing is a well-established method to regularly clean the

teeth from microbial plaque, as one of the main aetiological factors of caries development [35].

Lukacs believed that gender differences affect dental caries prevalence through both biologi-

cal (genetics, hormones, and reproductive history) and anthropological (behavioral) factors,

with women exhibiting more dental caries [36]; however, in the present study, no relationship

was detected between gender and dental caries, consistent with a study by Abbass [37]. Also,

there was no significant relationship between the DMFT index score and socioeconomic sta-

tus. A systematic review by Costa et al. in 2012 indicated that the educational level, occupation,

and subject’s income are related to tooth decay [38]. On the other hand, a systematic review by

Reisine and Psoter in 2001 showed a weaker association between socioeconomic conditions

and dental caries in adults due to fewer studies and methodological limits [39]. Schwendicke

reported a stronger relationship between socioeconomic status and dental caries in developed

countries [40]. Developed and developing countries were defined according to the 2008 World

Bank classification. It is commonly used to categorize the world into “low and middle-income”

(developing) and “high-income” countries (developed) [41]. Therefore, one justification for

the non-significant relationship in our study may be that Iran is a developing country. Also,

due to the nature of the study, in which data were collected with questionnaires and based on

the self-report, the answers to the questions related to socioeconomic conditions may not be

completely reliable.

The present study showed no association between BMI and DMFT scores. A systematic

review by Silva et al. in 2013 showed insufficient evidence to prove the relationship between

obesity and caries [42]. Most systematic studies concluded that there is no consensus regarding

the relationship between BMI and dental caries and suggested the need for properly designed

studies in this field [43–45].

Our study showed no significant relationship between the behavioral risk factors men-

tioned in this study (sweet foods, sweet drinks, natural fruit juices, and tobacco and alcohol

use) and DMFT scores. Few studies that measure the relationship between intake of sugary

substances and dental caries have been conducted in the adult age group [46]. Although most

of these studies showed a significant relationship between sugar consumption and tooth decay

[46, 47], some reported no association [48–50], consistent with the present study. This hetero-

geneity in the results of the studies may be due to confounding factors, such as concurrent

consumption of caries-protective foods at meals or differences in fluoride exposure [6]. A

Study by Voelker showed that smoking can affect dental health through its influence on the

buffering capacity of saliva and levels of secretory IgA [51]; however, the present study showed

no significant association between DMFT and smoking. Despite the positive relationship

between tobacco use and dental caries in some systematic reviews, they mentioned that this

relationship might not be valid due to the poor quality of the studies [52, 53]. Few studies have

Table 3. (Continued)

Variables Categories IRR* p-value IRR* p-value
�25 0.99 (0.90–1.09) 0.83

<18.5 1.11 (0.63–1.95) 0.72

18.5–24.9 1

*Incidence Rate Ratio
€ Entered in the multiple regression analysis

https://doi.org/10.1371/journal.pone.0289802.t003
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examined the relationship between alcohol consumption and tooth decay. In contrast with our

results, some studies showed a significant increase in the DMFT index and alcohol use [54–

56]. On the other hand, according to some studies, the high fluoride content in alcoholic bev-

erages is a barrier to new caries development [57, 58].

This research was based on a population-based study with a large sample size and can be

representative of the society. However, our study had some limitations. Because this study is

cross-sectional, it only shows the relationship/lack of the relationship between desired vari-

ables, and the findings are not sufficient to establish a cause-and-effect association. Informa-

tion about GERD was collected through a questionnaire and based on the participants’ self-

report. Also, the duration of gastroesophageal reflux disease was not investigated in the ACS;

therefore, the results should be interpreted cautiously.

In conclusion, our study did not show a significant association between GERD and dental

caries based on the DMFT index score. As discussed, the results of other studies in this area

were not consistent. The high variability between the results of different studies can be related

to several factors, including the frequency of regurgitation, the duration of GERD, swallowing

disorders, the buffering capacity of saliva, and the design of studies. Prospective longitudinal

studies with a sufficient sample size are necessary to reach a better conclusion. There is serious

concern about dental caries in Iran, mainly due to the lack of coherent preventive programs.

Emphasis on oral and dental hygiene, including regular toothbrushing once a day or more,

can be among the most influential factors in reducing dental caries.
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adult patients with gastroesophageal reflux disease. Acta Marisiensis-Seria Medica. 2015; 61(2):124–

127.

23. Muñoz JV, Herreros B, Sanchiz V, Amoros C, Hernandez V, Pascual I, et al. Dental and periodontal

lesions in patients with gastro-oesophageal reflux disease. Dig Liver Dis. 2003; 35(7):461–467. https://

doi.org/10.1016/s1590-8658(03)00215-9 PMID: 12870730

24. Eghtesad S, Mohammadi Z, Shayanrad A, Faramarzi E, Joukar F, Hamzeh B, et al. The PERSIAN

Cohort: Providing the Evidence Needed for Healthcare Reform. Arch Iran Med. 2017; 20(11):691–695.

PMID: 29480734

25. Poustchi H, Eghtesad S, Kamangar F, Etemadi A, Keshtkar AA, Hekmatdoost A, et al. Prospective Epi-

demiological Research Studies in Iran (the PERSIAN Cohort Study): Rationale, Objectives, and Design.

Am J Epidemiol. 2018; 187(4):647–655. https://doi.org/10.1093/aje/kwx314 PMID: 29145581

26. Farhang S, Faramarzi E, Amini Sani N, Poustchi H, Ostadrahimi A, Alizadeh BZ, et al. Cohort Profile:

The AZAR cohort, a health-oriented research model in areas of major environmental change in Central

Asia. Int J Epidemiol. 2019; 48(2):382–382h. https://doi.org/10.1093/ije/dyy215 PMID: 30445493

27. PE P, RJ B, WHO. Oral health surveys: basic methods: Geneva: World Health Organization; 2013.

28. Wenzl EM, Riedl R, Borenich A, Petritsch W, Wenzl HH. Low prevalence of gastroesophageal reflux

symptoms in vegetarians. Indian J Gastroenterol. 2021; 40(2):154–161. https://doi.org/10.1007/

s12664-021-01156-w PMID: 33846945

29. Ortiz AC, Fideles SOM, Pomini KT, Buchaim RL. Updates in association of gastroesophageal reflux dis-

ease and dental erosion: systematic review. Expert Rev Gastroenterol Hepatol. 2021; 15(9):1037–

1046. https://doi.org/10.1080/17474124.2021.1890030 PMID: 33571021

30. Pace F, Pallotta S, Tonini M, Vakil N, Bianchi Porro G. Systematic review: gastro-oesophageal reflux

disease and dental lesions. Aliment Pharmacol Ther. 2008; 27(12):1179–1186. https://doi.org/10.1111/

j.1365-2036.2008.03694.x PMID: 18373634

31. Barron RP, Carmichael RP, Marcon MA, Sàndor GK. Dental erosion in gastroesophageal reflux dis-

ease. J Can Dent Assoc. 2003; 69(2):84–89. PMID: 12559056

32. Durazzo M, Lupi G, Cicerchia F, Ferro A, Barutta F, Beccuti G, et al. Extra-Esophageal Presentation of

Gastroesophageal Reflux Disease: 2020 Update. J Clin Med. 2020; 9(8). https://doi.org/10.3390/

jcm9082559 PMID: 32784573

33. Jordan RA, Krois J, Schiffner U, Micheelis W, Schwendicke F. Trends in caries experience in the per-

manent dentition in Germany 1997–2014, and projection to 2030: Morbidity shifts in an aging society.

Sci Rep. 2019; 9(1):5534. https://doi.org/10.1038/s41598-019-41207-z PMID: 30940822

34. Khalilinejad F, Khalilian MR, Rasaei N, Saki A. Correlation between Oral Health Status (DMFT) and

BMI Index in Khuzestan Province, Iran during 2012–2013. Iran J Public Health. 2014; 43(10):1458–

1460. PMID: 26060711

35. Rodrigues JA, Lussi A, Seemann R, Neuhaus KW. Prevention of crown and root caries in adults. Peri-

odontol 2000. 2011; 55(1):231–249. https://doi.org/10.1111/j.1600-0757.2010.00381.x PMID:

21134238

36. Lukacs JR, Largaespada LL. Explaining sex differences in dental caries prevalence: saliva, hormones,

and "life-history" etiologies. Am J Hum Biol. 2006; 18(4):540–555. https://doi.org/10.1002/ajhb.20530

PMID: 16788889

37. Abbass MMS, AbuBakr N, Radwan IA, Rady D, El Moshy S, Ramadan M, et al. The potential impact of

age, gender, body mass index, socioeconomic status and dietary habits on the prevalence of dental car-

ies among Egyptian adults: a cross-sectional study. F1000Res. 2019; 8:243. https://doi.org/10.12688/

f1000research.17892.1 PMID: 30906540

38. Costa SM, Martins CC, Bonfim MdLC, Zina LG, Paiva SM, Pordeus IA, et al. A systematic review of

socioeconomic indicators and dental caries in adults. Int J Environ Res Public Health. 2012; 9

(10):3540–3574. https://doi.org/10.3390/ijerph9103540 PMID: 23202762

39. Reisine ST, Psoter W. Socioeconomic status and selected behavioral determinants as risk factors for

dental caries. J Dent Educ. 2001; 65(10):1009–1016. PMID: 11699971

40. Schwendicke F, Dörfer CE, Schlattmann P, Page LF, Thomson WM, Paris S. Socioeconomic Inequality

and Caries: A Systematic Review and Meta-Analysis. J Dent Res. 2014; 94(1):10–18. https://doi.org/

10.1177/0022034514557546 PMID: 25394849

41. Fantom NJ, Serajuddin U. The World Bank’s classification of countries by income(January 4, 2016).

World Bank Policy Research Working Paper. No. 7528, Available at SSRN: https://papers.ssrn.com/

sol3/papers.cfm?abstract_id=2741183.

PLOS ONE Gastroesophageal reflux disease and dental caries among adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0289802 August 10, 2023 13 / 14

https://doi.org/10.1016/s1590-8658%2803%2900215-9
https://doi.org/10.1016/s1590-8658%2803%2900215-9
http://www.ncbi.nlm.nih.gov/pubmed/12870730
http://www.ncbi.nlm.nih.gov/pubmed/29480734
https://doi.org/10.1093/aje/kwx314
http://www.ncbi.nlm.nih.gov/pubmed/29145581
https://doi.org/10.1093/ije/dyy215
http://www.ncbi.nlm.nih.gov/pubmed/30445493
https://doi.org/10.1007/s12664-021-01156-w
https://doi.org/10.1007/s12664-021-01156-w
http://www.ncbi.nlm.nih.gov/pubmed/33846945
https://doi.org/10.1080/17474124.2021.1890030
http://www.ncbi.nlm.nih.gov/pubmed/33571021
https://doi.org/10.1111/j.1365-2036.2008.03694.x
https://doi.org/10.1111/j.1365-2036.2008.03694.x
http://www.ncbi.nlm.nih.gov/pubmed/18373634
http://www.ncbi.nlm.nih.gov/pubmed/12559056
https://doi.org/10.3390/jcm9082559
https://doi.org/10.3390/jcm9082559
http://www.ncbi.nlm.nih.gov/pubmed/32784573
https://doi.org/10.1038/s41598-019-41207-z
http://www.ncbi.nlm.nih.gov/pubmed/30940822
http://www.ncbi.nlm.nih.gov/pubmed/26060711
https://doi.org/10.1111/j.1600-0757.2010.00381.x
http://www.ncbi.nlm.nih.gov/pubmed/21134238
https://doi.org/10.1002/ajhb.20530
http://www.ncbi.nlm.nih.gov/pubmed/16788889
https://doi.org/10.12688/f1000research.17892.1
https://doi.org/10.12688/f1000research.17892.1
http://www.ncbi.nlm.nih.gov/pubmed/30906540
https://doi.org/10.3390/ijerph9103540
http://www.ncbi.nlm.nih.gov/pubmed/23202762
http://www.ncbi.nlm.nih.gov/pubmed/11699971
https://doi.org/10.1177/0022034514557546
https://doi.org/10.1177/0022034514557546
http://www.ncbi.nlm.nih.gov/pubmed/25394849
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2741183
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2741183
https://doi.org/10.1371/journal.pone.0289802


42. Silva AE, Menezes AM, Demarco FF, Vargas-Ferreira F, Peres MA. Obesity and dental caries: system-

atic review. Revista de saude publica. 2013; 47(4):799–812. https://doi.org/10.1590/S0034-8910.

2013047004608 PMID: 24346668

43. Paisi M, Kay E, Bennett C, Kaimi I, Witton R, Nelder R, Lapthorne D. Body mass index and dental caries

in young people: A systematic review. BMC Pediatr. 2019; 19:1–9.

44. Shivakumar S, Srivastava A, G CS. Body Mass Index and Dental Caries: A Systematic Review. Int J

Clin Pediatr Dent. 2018; 11(3):228–232. https://doi.org/10.5005/jp-journals-10005-1516 PMID:

30131646

45. 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):171–180. https://doi.org/

10.1016/j.sdentj.2019.11.002 PMID: 32405220

46. Moynihan PJ, Kelly SA. Effect on caries of restricting sugars intake: systematic review to inform WHO

guidelines. J Dent Res. 2014; 93(1):8–18. https://doi.org/10.1177/0022034513508954 PMID:

24323509

47. 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):383–391. https://doi.org/10.1111/idj.12480 PMID:

31157414

48. Robino A, Bevilacqua L, Pirastu N, Situlin R, Di Lenarda R, Gasparini P, Navarra CO. Polymorphisms in

sweet taste genes (TAS1R2 and GLUT2), sweet liking, and dental caries prevalence in an adult Italian

population. Genes Nutr. 2015; 10(5):1–9.

49. Cagnani A, Barros AMdS, Sousa LLAd, Oliveira AMG, Zanin L, Florio FM. Association between prefer-

ence for sweet foods and dental caries. Rev Gaucha Odontol. 2014; 62:25–29.

50. Costa SM, Vasconcelos M, Abreu MH. High dental caries among adults aged 35 to 44 years: Case-con-

trol study of distal and proximal factors. Int J Environ Res Public Health. 2013; 10(6):2401–2411.

https://doi.org/10.3390/ijerph10062401 PMID: 23749056

51. Voelker MA, Simmer-Beck M, Cole M, Keeven E, Tira D. Preliminary findings on the correlation of saliva

pH, buffering capacity, flow, Consistency and Streptococcus mutans in relation to cigarette smoking. J

Dent Hyg. 2013; 87(1):30–37. PMID: 23433696

52. Benedetti G, Campus G, Strohmenger L, Lingström P. Tobacco and dental caries: a systematic review.

Acta Odontol Scand. 2013; 71(3–4):363–371. https://doi.org/10.3109/00016357.2012.734409 PMID:

23088732

53. Jiang X, Jiang X, Wang Y, Huang R. Correlation between tobacco smoking and dental caries: A system-

atic review and meta-analysis. Tob Induc Dis. 2019; 17. https://doi.org/10.18332/tid/106117 PMID:

31516477

54. Jansson L. Association between alcohol consumption and dental health. J Clin Periodontol. 2008; 35

(5):379–384. https://doi.org/10.1111/j.1600-051X.2008.01210.x PMID: 18341603

55. Dasanayake AP, Warnakulasuriya S, Harris CK, Cooper DJ, Peters TJ, Gelbier S. Tooth decay in alco-

hol abusers compared to alcohol and drug abusers. Int J Dent. 2010; 2010:786503. https://doi.org/10.

1155/2010/786503 PMID: 20379366

56. O’sullivan E. Dental health of Irish alcohol/drug abuse treatment centre residents. Community Dent

Health. 2012; 29(4):263. PMID: 23488206

57. Goschorska M, Gutowska I, Baranowska-Bosiacka I, RaćME, Chlubek D. Fluoride content in alcoholic

drinks. Biol Trace Elem Res. 2016; 171:468–471. https://doi.org/10.1007/s12011-015-0519-9 PMID:

26475300

58. Warnakulasuriya S, Harris C, Gelbier S, Keating J, Peters T. Fluoride content of alcoholic beverages.

Clinica Chimica Acta. 2002; 320(1):1–4. https://doi.org/10.1016/s0009-8981(02)00043-8 PMID:

11983193

PLOS ONE Gastroesophageal reflux disease and dental caries among adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0289802 August 10, 2023 14 / 14

https://doi.org/10.1590/S0034-8910.2013047004608
https://doi.org/10.1590/S0034-8910.2013047004608
http://www.ncbi.nlm.nih.gov/pubmed/24346668
https://doi.org/10.5005/jp-journals-10005-1516
http://www.ncbi.nlm.nih.gov/pubmed/30131646
https://doi.org/10.1016/j.sdentj.2019.11.002
https://doi.org/10.1016/j.sdentj.2019.11.002
http://www.ncbi.nlm.nih.gov/pubmed/32405220
https://doi.org/10.1177/0022034513508954
http://www.ncbi.nlm.nih.gov/pubmed/24323509
https://doi.org/10.1111/idj.12480
http://www.ncbi.nlm.nih.gov/pubmed/31157414
https://doi.org/10.3390/ijerph10062401
http://www.ncbi.nlm.nih.gov/pubmed/23749056
http://www.ncbi.nlm.nih.gov/pubmed/23433696
https://doi.org/10.3109/00016357.2012.734409
http://www.ncbi.nlm.nih.gov/pubmed/23088732
https://doi.org/10.18332/tid/106117
http://www.ncbi.nlm.nih.gov/pubmed/31516477
https://doi.org/10.1111/j.1600-051X.2008.01210.x
http://www.ncbi.nlm.nih.gov/pubmed/18341603
https://doi.org/10.1155/2010/786503
https://doi.org/10.1155/2010/786503
http://www.ncbi.nlm.nih.gov/pubmed/20379366
http://www.ncbi.nlm.nih.gov/pubmed/23488206
https://doi.org/10.1007/s12011-015-0519-9
http://www.ncbi.nlm.nih.gov/pubmed/26475300
https://doi.org/10.1016/s0009-8981%2802%2900043-8
http://www.ncbi.nlm.nih.gov/pubmed/11983193
https://doi.org/10.1371/journal.pone.0289802

