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It was hypothesized that periodontal diseases could be influenced by nutrition and food types. However, the role of nutritional
factors in the risk of periodontal disease has not been clearly elucidated. This study was aimed at investigating the relationship
between coffee, green tea, or soft drink intake and periodontitis. This prospective cohort study used epidemiological data from
2004 to 2016 from the Korean Genome and Epidemiology Study. Among 173,209 participants, 9,933 with periodontitis and
124,922 controls were selected. The frequency histories of coffee/green tea/soft drink intake among the participants were
analyzed, and intake was categorized as no drink, mild drink (one time a month through six times a week), and heavy drink
(one or more times a day). Variable factors were adjusted using logistic regression analysis (adjusted model). The chi-square test
and independent t-test were used for statistical analysis. Adjusted odds ratio (aOR) for coffee or green tea intake and
periodontitis were not statistically significant. The aOR was 1.16 (95% confidence interval ðCIÞ = 1:11–1.21, P < 0:001) for mild
soft drink intake and 1.02 (95%CI = 0:96–1.09, P = 0:518) for heavy soft drink intake. Subgroup analysis showed that mild soft
drink intake was significant across all groups (P < 0:05), whereas coffee and green tea intakes were not significant in any
subgroup. Overall, the study elucidated an association between mild soft drink intake and periodontitis.

1. Introduction

Periodontal diseases are highly prevalent, affecting approxi-
mately 538 million people worldwide [1, 2]. Periodontitis is
a chronic inflammatory disease, aggravated by microorgan-
isms in the periodontal pocket, tooth surface, and periodon-
tium [3]. The most important causative factors of
periodontal pathology are related to improper compliance
with oral hygiene. Maintenance of effective plaque control
is the cornerstone of any attempt to prevent and control
periodontal disease [4]. After approximately 50 years of
experimental research in various geographical and social set-

tings, it was confirmed that effective removal of dental plaque
is essential for dental and periodontal health [5].

These inflammatory disease could be worsened by multi-
ple factors such as systemic disease, nutrients, social factors,
obesity, and genetic factors [6]. Periodontal diseases are
affected by nutrition and food types. Conversely, they could
decrease the quality of life due to difficulty in mastication
and proper intake of nutrients [7].

The role of nutritional factors in the risk of periodontal
disease has not been clearly elucidated. Nowadays, several
nutrients and foods are of interest in the prevention of dental
diseases. In this study, we focus on some of them.
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First, green tea has received attention based on many
reports that showed its effects on periodontal health [8].
The main ingredients of green tea are catechins. Catechins
can be divided into four groups: epigallocatechin-3-gallate
(EGCG, 59%), epigallocatechin (EGC, 19%), epicatechin-3-
gallate (ECG, 13.6%), and epicatechin (EC, 6.4%) [9]. In
addition, green tea contains antioxidant-based components
such as vitamins A/C/E [8]. Green tea constitutes powdered
ground green leaves and can cause staining of the teeth.
Many patients have been worried that the staining of teeth
or residue after drinking green tea can lead to caries and peri-
odontal plaques. However, previous studies have shown that
the intake of green tea has a positive effect on periodontal dis-
ease [10, 11]. When a green tea extract was applied directly to
the periodontal tissue, it showed a beneficial effect on peri-
odontal health [12].

Second, coffee has been assumed to be related to many
diseases, and coffee intake has been linked to adverse
effects [13]. Coffee is a caffeine-based beverage commonly
consumed worldwide, and it currently ranks first among
South Korea’s most frequently consumed beverage items.
Daily coffee consumption is thought to range from 140
to 434mL [14]. A study showed that the intake of fat
ingredients used in coffee creamers and sugar could con-
tribute to systemic and metabolic diseases [15]. Another
study reported that coffee consumption might be an inde-
pendent risk indicator of periodontal disease in Korean
adults [14]. One study also showed that chlorogenic acid
in coffee has antimicrobial activity and reduces the prote-
ase activity of Porphyromonas gingivalis [16]. Porphyromo-
nas gingivalis is one of the bacteria implicated in bacterial
plaque biofilms, and it contributes to the progression of
periodontal disease [17].

Lastly, periodontal diseases have also been associated
with the consumption of soft drinks, which are carbonated
sugar-sweetened beverages. These beverages are the main
source of excessive calorie intake [18]. The high consump-
tion of soft drinks has been associated with systemic prob-
lems such as diabetes, obesity, fatty liver, metabolic
syndrome, and cardiovascular disease [19]. A previous
study reported that high soft drink consumption was
related to a higher number of teeth with deep periodontal
pockets and bleeding on probing in pregnant women [20].
The study suggested that soft drink consumption could be
a risk factor for systemic inflammation associated with
periodontal disease [20]. However, this study had a small
number of participants (n = 1185) and used very few
adjusting factors for surveillance bias reduction. Fann
et al. showed that carbonated drink was a risk factor for
periodontitis with chronic inflammation due to the high
glycemic level [21]. The study suggested that the periodon-
tal condition could be ameliorated by lowering carbonated
drink consumption [21]. This study recruited subjects
from 2005 to 2009 and examined a relatively small num-
ber of participants (n = 10,213). Another study reported
that the consumption of carbonated beverages was posi-
tively associated with the risk of periodontal disease in
Korean adults [22]. Similar to previous studies, this study
also had a relatively small number of participants

(n = 5,517) recruited between 2008 and 2010 with consid-
eration of a few confounding factors [22].

The objective of this study was to investigate the relation-
ship between coffee, green tea, or soft drink (carbonated
sugar-sweetened beverages) intake and periodontitis using
data from the Korean Genome and Epidemiology Study
(KoGES). This study implemented a large population dataset
with adjustment for various influential factors.

2. Materials and Methods

2.1. Study Population and Data Collection. This prospective
cohort study used data from 2004 through 2016 from the
KoGES. A detailed description of the data has been provided
in a previous study [23]. The study was approved by the
Institutional Review Board of Hallym University Sacred
Heart Hospital. The requirement for written informed con-
sent was waived by the Institutional Review Board (2019-
02-020). Among the KoGES Consortium, we used the
KoGES health examinee (HEXA) data consisting of urban
residence participants ≥ 40 years old. It consisted of baseline
data for the period 2004–2013 and follow-up data for the
period 2012–2016.

2.2. Participant Selection. Of the 173,209 participants, we
excluded those with the following missing records: height
or weight (n = 698), smoking history (n = 494), alcohol-
drinking habits (n = 1,463), nutrition information (n = 900),
coffee/green tea/soft drink intake (n = 1,751), diabetes melli-
tus history (n = 28), and periodontitis history (n = 33,020).
Many participants were excluded due to periodontitis histo-
ries in that they were not surveyed for periodontitis in the
KoGES from 2004 through 2006. Finally, 9,933 patients with
periodontitis and 124,922 control participants (nonperio-
dontitis) were selected (Figure 1). Then, we analyzed the fre-
quency of coffee/green tea/soft drink intake.

2.3. Survey. The participants were asked for their previous
history of periodontitis and diabetes mellitus by trained
interviewers. The questions were formulated, such as
“Have you ever been diagnosed with periodontitis?” The
questions were to be answered with a simple “yes” or
“no.” Body mass index (BMI) was calculated using the
health checkup data and expressed in kilogram per square
meter. Based on the smoking history, participants were
categorized as a nonsmoker (<100 cigarettes in entire life),
past smoker (quitted more than one year ago), and current
smoker. Participants with alcohol-drinking habits were
categorized as a nondrinker, past drinker, and current
drinker. Their nutritional intake (total calories (kcal/day);
protein (g/day), fat (g/day); and carbohydrate (g/day))
was surveyed using a food-frequency questionnaire, which
was validated in a previous study [24]. The income groups
were categorized as nonrespondent, low income (~<$2,000
per month), middle income (~$2,000–$3,999 per month),
and high income (~≥$4,000 per month) based on their
household income.

The frequency of coffee/green tea/soft drink intake was
categorized as no drink, one time a month, two to three
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times a month, one to two times a week, three to four
times a week, five to six times a week, one to two times
a day, three to four times a day, and five or more times
a day. As many participants were in the one to two times
a day group, we finally classified them into three groups:
no drink, mild drink (one time a month through six times
a week), and heavy drink (one or more times a day).

2.4. Statistical Analyses.We compared the general character-
istics of the periodontitis and control participants. Chi-
square tests were used to compare the sex, income group,
smoking, drinking and alcohol consumption, and frequency
and amount of coffee/green tea/soft drink intake among the
groups. Independent t-tests were used to compare age,
BMI, and nutritional intake [25, 26]. Odds ratios (ORs) were
calculated to compare the association between coffee, green
tea, and soft drink intake and periodontitis in this cross-
sectional study. To analyze the OR of coffee, green tea, and
soft drink intake for periodontitis, crude and adjusted ORs
(model 1 (adjusted for age, sex, BMI, diabetes mellitus, smok-
ing, alcohol consumption, and nutritional intake) and model
2 (model 1 plus coffee, green tea, and soft drinks)) were cal-
culated. For the subgroup analyses, the effects of age and
sex groups were examined and stratified based on the overall
median age (≤52 years old and >52 years old). Two-tailed
analyses were conducted, and P values < 0.05 were consid-
ered to indicate statistical significance [27–29]. The results

were statistically analyzed using SPSS v. 24.0 (IBM, Armonk,
NY, USA).

3. Results

There were variations in the general characteristics between
participants with periodontitis and the control participants
(Table 1).

Coffee, green tea, and soft drink intakes were related to
periodontitis in model 1 after adjusting for age, sex, BMI, dia-
betes mellitus, smoking, alcohol consumption, and nutri-
tional intake (Table 2).

The adjusted OR (aOR) for coffee and green tea intake for
periodontitis did not reach statistical significance in model 2,
while that for mild soft drink was 1.16 (95% confidence
interval ðCIÞ = 1:11–1.21, P < 0:001) and that for heavy soft
drink was 1.02 (95%CI = 0:96–1.09, P = 0:518) (Table 2).

In the subgroup analyses, the aOR of mild soft drink
showed a significant difference in all groups. The aORs were
1.20 (95%CI = 1:12–1.29) in age ≤ 52 years old; 1.13
(95%CI = 1:07–1.20) in >52 years old; 1.26 (95%CI = 1:17–
1.36) in men; and 1.10 (95%CI = 1:03–1.16) in women (each
with P < 0:05, Table 3). However, the aORs of heavy soft
drink did not show any significant difference in any of the
subgroups.

The aORs of coffee and green tea intake did not show
significant differences in any of the subgroups (Table S1).

173,209 participants from KoGES HEXA study

Without record of height or weight (n = 698)

Without record of smoking (n = 494) or drinking alcohol (n = 1,463)

Without record of nutrition (n = 900)

Without record of coffee, green tea, and soft drink intake (n = 1,751)

Without record of diabetes mellitus (n = 28)

Without record of periodontitis (n = 33,020)

Periodontitis (n = 9,933) Control (n = 124,922) Analyses of coffee, green tea, and soft drink intake

Exclusion

Figure 1: Schematic illustration of the participant selection process used in the present study. Of a total of 173,209 participants, 9,933 had
periodontitis and 124,922 did not (controls).
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4. Discussion

This study was based on the hypothesis that coffee/green
tea/soft drink intake was associated with periodontitis. This
study investigated the relationship between coffee, green
tea, or soft drink (carbonated sugar-sweetened beverages)
intake and periodontitis using data from the KoGES. How-
ever, coffee and green tea intake by patients with periodonti-
tis did not show any statistically significant difference in
model 2 after adjusting for soft drinks. Additionally, heavy

consumption of soft drink did not show any statistically sig-
nificant difference in any of the subgroups. Only mild con-
sumption of soft drinks showed statistically significant
difference in all the subgroups. These results are quite differ-
ent from those obtained from other studies.

First, there have been very few studies on the relationship
between soft drinks and periodontal health [20–22]. Fann
et al. reported a frequency-dependent relationship between
the intake of soft drinks and periodontal disease in Taiwanese
middle-aged adults. Song et al. showed that consumption of

Table 1: General characteristics of the participants.

Characteristics
Total participants

P value
Periodontitis Control

Total number (n, %) 9,933 (100.0) 124,922 (100.0)

Age (mean, SD, y) 54.8 (7.9) 53.0 (8.3) <0.001∗†

Sex (n, %) <0.001∗†

Male 3,840 (38.7) 43,283 (34.6)

Female 6,093 (61.3) 81,639 (65.4)

BMI (mean, SD, kg/m2) 24.0 (2.9) 23.9 (2.9) <0.001∗†

Income (n, %) <0.001∗†

Missing, no response 757 (7.6) 10,784 (8.6)

Lowest 3,424 (34.5) 35,464 (28.4)

Middle 3,663 (36.9) 49,300 (39.5)

Highest 2,089 (21.0) 29,374 (23.5)

Smoking status (n, %) <0.001∗†

Nonsmoker 6,658 (67.0) 90,822 (72.7)

Past smoker 1,790 (18.0) 18,540 (14.8)

Current smoker 1,485 (15.0) 15,560 (12.5)

Diabetes mellitus (n, %) 1,171 (11.8) 9,789 (7.8) <0.001∗†

Alcohol consumption (n, %) <0.001∗†

Nondrinker 4,762 (47.9) 63,831 (51.1)

Past drinker 477 (4.8) 4,521 (3.6)

Current drinker 4,694 (47.3) 56,570 (45.3)

Nutritional intake (n, %)

Total calories (kcal/d) 1760.5 (579.9) 1749.2 (568.7) 0.056

Protein (g/d) 58.9 (26.6) 59.7 (26.4) 0.004†

Fat (g/d) 27.5 (18.5) 28.3 (18.2) <0.001∗†

Carbohydrate (g/d) 315.0 (95.1) 309.8 (92.8) <0.001∗†

Frequency of coffee (n, %) <0.001∗†

No drink 1,613 (16.2) 20,160 (16.1)

Mild 2,199 (22.1) 25,286 (20.2)

Heavy 6,121 (61.6) 79,476 (63.6)

Frequency of green tea (n, %) <0.001∗†

No drink 4,133 (41.6) 53,638 (42.9)

Mild 1,696 (17.1) 19,287 (15.4)

Heavy 4,104 (41.3) 51,997 (41.6)

Frequency of soft drink (n, %) <0.001∗†

No drink 4,085 (41.1) 53,413 (42.8)

Mild 4,415 (44.4) 51,710 (41.4)

Heavy 1,433 (14.4) 19,799 (15.8)

D: day; W: week; M: month; n: number; SD: standard deviation; BMI: body mass index. ∗P < 0:05 was considered statistically significant. †Independent t-test or
chi-square test.
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soft drinks was related to the risk of periodontal disease in
Korean adults [22]. In particular, by reducing the intake of
soft drinks, the periodontal condition in nonobese Koreans
could be ameliorated [22]. Most studies asserted that the con-
sumption of soft drinks was associated with the risk of peri-
odontitis. However, the present study revealed that only
mild soft drinks showed a significant difference in all the sub-
groups, and heavy soft drinks did not show any significant
difference in any of the subgroups. This result proves the
relationship between soft drinks and periodontal health but

does not indicate a frequency-dependent relationship. This
phenomenon could be explained by other perspectives. A
study reported that individuals with periodontitis avoided
soft drinks, sweets, cold drinks, and cold food more often
than that without [30]. In other words, individuals who con-
sumed soft drinks frequently and heavily may not have peri-
odontitis. Soft drinks in Korea are mostly cold and consumed
with ice. For this reason, individuals with periodontitis might
not consume cold soft drinks frequently. As a result, mild soft
drinks showed statistical significance in all subgroups,

Table 2: Crude and adjusted odds ratios (95% confidence interval) of coffee, green tea, and soft drink intake for periodontitis.

Characteristics
Odds ratios for periodontitis

Crude‡ P value Model 1‡,§ P value Model 2‡,§ P value

Total participants (n = 134,855)
Coffee

No drink 1.00 1.00 1.00

Mild 1.09 (1.02–1.16) 0.015∗† 1.11 (1.04–1.19) 0.002∗† 1.04 (0.96–1.13) 0.379

Heavy 0.96 (0.91–1.02) 0.190 0.97 (0.92–1.03) 0.356 0.96 (0.89–1.02) 0.199

Green tea

No drink 1.00 1.00 1.00

Mild 1.14 (1.08–1.21) <0.001∗ 1.14 (1.07–1.20) <0.001∗† 1.07 (0.96–1.13) 0.379

Heavy 1.02 (0.98–1.07) 0.294 0.99 (0.95–1.04) 0.694 0.96 (0.89–1.02) 0.199

Soft drink

No drink 1.00 1.00 1.00

Mild 1.12 (1.07–1.17) <0.001∗† 1.17 (1.12–1.23) <0.001∗† 1.16 (1.11–1.21) <0.001∗†

Heavy 0.95 (0.89–1.01) 0.083 1.02 (0.95–1.08) 0.630 1.02 (0.96–1.09) 0.518
∗P < 0:05 was considered statistically significant. †Logistic regression model. ‡Model 1 was adjusted for age, sex, body mass index (BMI), diabetes mellitus,
smoking, alcohol consumption, and nutritional intake. §Model 2 was adjusted for model 1 plus frequency of coffee, green tea, and soft drink.

Table 3: Crude and adjusted odds ratios (95% confidence interval) of soft drink intake for periodontitis according to age and sex.

Characteristics
Odds ratios for periodontitis

Crude‡ P value Model 1‡,§ P value Model 2‡,§ P value

Age ≤ 52 years old (n = 66,737)
No drink 1.00 1.00 1.00

Mild 1.18 (1.10–1.26) <0.001∗ 1.21 (1.12–1.29) <0.001∗ 1.20 (1.12–1.29) <0.001∗

Heavy 1.01 (0.92–1.11) 0.854 1.03 (0.94–1.14) 0.512 1.04 (0.94–1.14) 0.470

Age > 52 years old (n = 68,118)
No drink 1.00 1.00 1.00

Mild 1.13 (1.07–1.20) <0.001∗† 1.15 (1.09–1.22) <0.001∗† 1.13 (1.07–1.20) <0.001∗†

Heavy 0.98 (0.90–1.06) 0.579 1.00 (0.92–1.09) 0.937 1.01 (0.93–1.10) 0.797

Men (n = 47,123)
No drink 1.00 1.00 1.00

Mild 1.21 (1.13–1.30) <0.001∗† 1.28 (1.19–1.38) <0.001∗† 1.26 (1.17–1.36) <0.001∗†

Heavy 0.92 (0.84–1.02) 0.101 1.02 (0.92–1.13) 0.710 1.02 (0.92–1.13) 0.682

Women (n = 87,732)
No drink 1.00 1.00 1.00

Mild 1.06 (1.00–1.12) 0.040∗† 1.11 (1.05–1.18) <0.001∗† 1.10 (1.03-1.16) 0.002∗†

Heavy 0.95 (0.88–1.03) 0.232 1.02 (0.94–1.11) 0.680 1.03 (0.95-1.18) 0.533
∗P < 0:05 was considered statistically significant. †Logistic regression model. ‡Model 1 was adjusted for age, sex, body mass index (BMI), diabetes mellitus,
smoking, alcohol consumption, and nutritional intake. §Model 2 was adjusted for model 1 plus frequency of coffee, green tea, and soft drink.
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possibly due to the interaction between soft drinks and peri-
odontitis (Table 2). Mechanisms linking soft drink intake
and periodontal disease could involve the separate or com-
bined effects of oxidative stress or bone mineralization [31–
37]. Associations between heavy soft drink intake and peri-
odontitis may be due to the induction of inflammatory path-
ways or metabolic syndrome resulting from excess sugar
consumption, which has been previously associated with
periodontal disease [20, 38–40]. However, further studies
are needed to verify these potential mechanisms more pre-
cisely [21].

Second, many studies have shown that the catechin com-
ponent of green tea has a beneficial effect on periodontal
health [9]. Gartenmann et al. reported that the local applica-
tion of catechin as a supplement to scaling and root planing
might induce reductions in probing depth [41]. Catanzaro
et al. reported that daily intake of green tea has a therapeutic
effect on diabetic vascular disorders in the periodontal liga-
ment and aggravation of periodontitis due to long-term
hyperglycemia in type 1 diabetic rats [42]. Results of another
study showed that daily green tea intake might positively
influence treatment effects for periodontal disease and green
tea extract may be applied as an adjunct to phase one peri-
odontal therapy, which includes scaling and root planing
[43]. In summary, these previous studies showed that green
tea has a positive effect on periodontal health.

This study analyzed the association between green tea
intake and periodontitis after adjustment for soft drinks.
Green tea intake was related to periodontitis in model 1
before adjusting for soft drinks but showed no association
in model 2 after this adjustment (Table 2). This result
revealed that adjusting for soft drinks is essential to evaluate
the association between periodontitis and green tea intake.

Finally, there have been controversial opinions about the
effects of coffee on periodontal health. Tanaka et al. reported
that the daily intake of black coffee had a negative effect on
alveolar bone regeneration [44]. Han et al. reported that cof-
fee intake might be an independent risk factor for periodon-
tal disease in Korean male adults and suggested that the
periodontal condition may improve with a reduction in cof-
fee intake [14]. In contrast, a cross-sectional study conducted
by Machida et al. showed an inverse association between cof-
fee intake and severe periodontitis in patients during the
maintenance period of periodontal treatment [45]. Another
study conducted by Ng et al. indicated that a beneficial asso-
ciation was noted between higher intake of coffee and peri-
odontal health. The results of the study indicated that high
consumption of coffee and caffeine was not harmful to peri-
odontal health [46].

In addition, previous studies on coffee did not perform
any adjustment for the soft drinks. In fact, this study also
analyzed the data after adjusting for coffee and green tea
but not for soft drinks. The analysis showed a significant
association between coffee and periodontitis. There were sta-
tistically significant differences in heavy coffee consumption
and moderate green tea consumption (Table S1). However,
coffee was related to periodontitis in model 1 before
adjusting for soft drinks but showed no association with
periodontitis in model 2 after adjusting for soft drinks

(Table 2). Generally, individuals who like coffee or green
tea may also like soft drinks; hence, the adjustment for soft
drinks would be helpful to obtain more accurate results [47,
48]. The findings of the present study are also adjusted for
nutritional intake, age, sex, obesity, income, smoking,
diabetes, and alcohol consumption (Table 1). This
approach provides the major differences between the
present study and previous studies.

4.1. Limitations. This study used a large pool of data; never-
theless, there are some limitations. First, it was impossible to
adjust for all the factors that were not included in the original
data since the data from the KoGES did not include all the
confounding factors. For example, plaque control and sugar
composition of soft drinks could be influential factors; how-
ever, they were not recorded and consequently could not be
adjusted for in this study. In addition, while BMImay be a use-
ful metric, it may not accurately reflect the overall body com-
position, such as the total proportion of body fat. We tried to
adjust for as many factors as possible to minimize surveillance
bias. Second, these data were collected using an individual
questionnaire survey; hence, the precision of the data used in
this study could be low. Third, the frequency of consumption
could be a simple approach, since the volume of each intake
and quality of the beverage may be different and may have
an important influence on the analysis. Fourth, oral hygiene
practices, such as brushing frequency, use of interdental clean-
ing devices, and dental check-ups, were not included in this
study. However, it may still be practical to collect a large
amount of data related to periodontitis and nutritional intake.
Most nutritional studies have been based on questionnaires
since surveyors are unable to directly check or follow the die-
tary intake and activities of study participants [21]. Moreover,
most nutritional studies were not conducted in conjunction
with a simultaneous oral examination. In addition, the validity
of the questionnaires in terms of the frequency of smoking,
alcohol consumption, and food intake is unclear. To collect
exact data, the reliability and validity of the questionnaire sur-
vey should be examined in future studies. Lastly, the interac-
tion model was not included in the analysis since we were
unable to identify meaningful interactions between green tea,
coffee, and soft drinks.

4.2. Strengths. Nevertheless, our findings provide valuable
information about periodontitis and coffee/green tea/soft
drinks. First, our study was performed on a large sample of
the Korean population. Second, we considered nutritional
intake, age, sex, obesity, income, smoking, diabetes, and alco-
hol consumption as factors to be adjusted in order to evaluate
the independent relationship between periodontitis and cof-
fee/green tea/soft drinks. Finally, the intake of soft drinks
was adjusted in order to prove the association between peri-
odontitis and coffee/green tea.

Many patients inquire clinicians regarding the relation-
ship between drink intake and oral health; however, there
was no conclusive evidence on this relationship. This study
could provide the ground for a satisfactory explanation to
the general public as it provides evidence regarding this
association.

6 BioMed Research International



5. Conclusions

This study demonstrated that low-frequency soft drink
intake could be associated with periodontitis. These findings
emphasize the need for clinicians to examine dietary habits as
an essential procedure for optimal oral hygiene care and peri-
odontal treatment. Further, it is recommended that dentists
should provide instructions for improvement in dietary
habits in consultation with a dietitian.
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