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The objective of this cross-sectional study was to evaluate the association between periodontitis and glaucoma. This prospective
cohort study used epidemiological data from the Korean Genome and Epidemiology Study performed between 2004 and 2016.
Among 173,209 participants, 9572 patients with periodontitis and 115,332 controls (nonperiodontitis) were selected. We analysed
the history of glaucoma in periodontitis and control participants. The participants were interviewed regarding their history of
hypertension, diabetes mellitus, hyperlipidaemia, periodontitis, glaucoma, smoking, and alcohol consumption by trained in-
terviewers. A logistic regression model was created to analyse the odds ratio of having a history of glaucoma among patients with
periodontitis. Two-tailed analyses using chi-square and independent ¢-tests were used for statistical analysis. The adjusted odds
ratio of periodontitis as a risk factor for glaucoma was 3.44 (95% confidence interval =2.99-3.97, p<0.001). This study
demonstrated that glaucoma was associated with periodontitis.

1. Introduction

Periodontitis is one of the most prevalent diseases and
manifests as the destruction of the periodontal tissues
[1,2]. The presence of pathogenic bacteria, often known as
the “periopathogens,” in the gingival sulcus is the prin-
cipal etiology of periodontitis [3]. Inflammatory response,
poor oral hygiene, malnutrition, and smoking are essential
etiological factors of chronic periodontitis, which are
mediated by proteolytic enzymes and lipopolysaccharides
[4]. In addition, environmental and genetic factors

mediate the immune response of the host [5]. The char-
acteristics of periodontitis include periodontal inflam-
mation, bone and periodontal attachment loss leading to
tooth mobility and formation of periodontal pockets,
gingival inflammation, gingival bleeding, and/or gingival
recession [6]. A previous study reported that the preva-
lence of periodontitis in the United States is approxi-
mately 60 to 70% in older adults [7]. Its increased
prevalence prompted various large population studies
designed to identify the association between periodontitis
and systemic diseases common in the old age.
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Glaucoma is a chronic degenerative ophthalmic disease
caused by damage to the optic nerve and often results in loss
of vision. It is an optic neuropathy and is the second-leading
cause of blindness worldwide [8]. Based on its association
with intraocular pressure, glaucoma is divided into subtypes
according to the condition of the iridocorneal drainage angle
at the site of aqueous humor egress from the eye [9].

The most common type is open-angle glaucoma, which
develops slowly, is painless, and often results in blindness if
not appropriately managed. Open-angle glaucoma exhibits
an iridocorneal angle favouring unobstructed drainage of
fluid within the eyes, and closed-angle glaucoma presents
progressive closure of the drainage angle because of the
sudden or gradual forward bowing of the peripheral iris. The
symptoms of sudden bowing include blurred vision, severe
pain in the eye, redness of the eye, a middilated pupil, and
nausea. Decreased vision loss due to glaucoma is irreversible
and is caused by the loss of axons in the ganglion cell layer
owing to the thinning neuroretinal rim of the optic nerve [9].
Glaucoma is an ocular disorder that involves the loss of
retinal ganglion cells and related axons. There are various
hypotheses concerning the cause of death in retinal ganglion
cells. In the past decade, glaucoma has been defined by high
intraocular pressure; however, recent studies have shown
that elevated intraocular pressure is the most important risk
factor for glaucoma, but it does not define the disease. Other
factors such as genetics, age, blood flow, and systemic
diseases are suggested as potential risk factors for the
progressive retinal ganglion cell death observed in glaucoma
[10, 11]. Approximately 3% of the world’s population aged
>40 years is affected by glaucoma [8]. Age has been the factor
most frequently associated with glaucoma [8]; other factors
include ethnicity, hypertension, genetics, diabetes, and
trauma [12].

The prevalence of both periodontitis and glaucoma in-
creases with age and affected by systemic factors such as
diabetes, smoking, alcohol consumption, income, and body
mass index (BMI). Few studies have analysed the association
between periodontitis and ophthalmic diseases. Hence, this
cross-sectional study aimed to evaluate the association be-
tween periodontitis and glaucoma, after adjusting for sys-
temic factors, using the Korean Genome and Epidemiology
Study (KoGES) data.

2. Materials and Methods

2.1. Study Population and Data Collection. This prospective
cohort study analysed the data from the KoGES performed
from 2004 to 2016, which comprised base data from 2004 to
2013 and follow-up data from 2012 to 2016. The data have
been described in detail in a previous study [13]. From the
KoGES consortium, we used the KoGES health examinee
(HEXA) data of urban residents >40 years of age. The ethics
committee of the Hallym University (2019-02-020) ap-
proved the use of these data. The requirement for written
informed consent was waived by the Institutional Review
Board. The study was conducted in full accordance with
ethical principles, including the rules of the Declaration of
Helsinki of 1975, revised in 2013.
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2.2. Participant Selection. From the 173,209 participants of
the KoGES, those who lacked the data pertaining to height or
weight (n = 698), smoking history (n = 494), habitual alcohol
consumption (n=1463), hypertension, diabetes mellitus,
hyperlipidaemia (n=125), periodontitis (n=33,849), and
glaucoma history (n=11,676) were excluded. Several par-
ticipants with a history of periodontitis were not surveyed
from 2004 to 2006, and those with glaucoma were not
surveyed in 2004 and 2008. All these participants were
excluded. Finally, 9572 participants with periodontitis and
115,332 controls (no history of periodontitis) were included
in the study. The history of glaucoma was analysed in the
periodontitis and control participants.

2.3. Survey. The participants were questioned about their
history of hypertension, diabetes mellitus, hyperlipidaemia,
periodontitis, and glaucoma by trained interviewers. The
questions were structured as follows: “Have you ever had a
diagnosis of periodontitis?” and “Do you have any history of
glaucoma?” BMI of the participants was calculated in kg/m?
using the data obtained from the general health examination.
Participants were categorized as nonsmokers (<100 ciga-
rettes in entire life), past smokers (stopped smoking more
than one year ago), and current smokers based on their
smoking history and as nondrinkers, past drinkers, and
current drinkers based on their history of alcohol con-
sumption. They were categorized into nonrespondent, low-
income  (<~$2000 per month), middle-income
(~$2000-$3999 per month), and high-income (~>$4000 per
month) groups based on their household income. Addi-
tionally, participants were categorized according to their
BMI as underweight for BMI <18.5kg/m? normal weight
for BMI 18.5-23 kg/m?, overweight for BMI 23-25kg/m?,
and obese for BMI >25 kg/m2 [14].

2.4. Statistical Analyses. A chi-square test was used to
compare categorical variables such as sex, income group,
smoking, alcohol consumption, and history of hypertension,
diabetes mellitus, hyperlipidaemia, and glaucoma. An in-
dependent t-test was used to compare continuous variables
such as age, BMI, and nutritional status.

A logistic regression model was created to analyse the
odds ratio (OR) of having a history of glaucoma among
patients with periodontitis. Crude and adjusted models (age,
sex, income group, BMI, smoking, alcohol consumption,
hypertension, diabetes mellitus, and hyperlipidaemia) were
used. For subgroup analyses according to age and sex, the
median age (<52 years old and >52 years old) was considered
as the dividing point.

Subgroup analyses according to medical history of hy-
pertension, diabetes mellitus, and hyperlipidaemia were
performed, and a separate subgroup analysis was performed
for BMI. As the proportion of underweight participants was
~1.8%, they were merged into the normal-weight group.

Two-tailed analyses were conducted, and a p value less
than 0.05 was considered to indicate statistical significance.
The results were statistically analysed using SPSS v. 24.0
(IBM, Armonk, NY, USA).
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3. Results

In the baseline data, 1.4% (134/9,572) of the periodontitis
participants had glaucoma, and in the follow-up, 0.6% (53/
9,572) of these participants had developed glaucoma. In
contrast, 0.6% (664/115,332) of the nonperiodontitis par-
ticipants had glaucoma in the first survey, and in the
follow-up, 0.3% (3990/115,332) of the nonperiodontitis
participants had developed glaucoma. The general char-
acteristics of the periodontitis and control participants
were significantly different (Table 1). The adjusted OR
(aOR) of periodontitis as a risk factor for glaucoma was
3.44 (95% confidence interval (CI)=2.99-3.97, p<0.001,
Table 2). Subgroup analyses according to age and sex
showed aORs 0f 7.17 (95% CI=4.11-12.51) in <52-year-old
men; 8.04 (95% CI=4.78-13.51) in <52-year-old women;
3.31 (95% CI=2.62-4.17) in >52-year-old men; and 2.96
(95% CI=2.43-3.61) in >52-year-old women.

The aOR of periodontitis as a risk factor for glaucoma
was 2.05 (95% CI=1.61-2.61) in participants with hyper-
tension, while it was 1.67 (95% CI=1.35-2.06) in partici-
pants without hypertension (Table 3). It was 2.00 (95%
CI=1.44-2.78) in participants with diabetes mellitus and
1.77 (95% CI=1.47-2.12) in participants without diabetes
mellitus, and it was 1.85 (95% CI = 1.41-2.43) in participants
with hyperlipidaemia and 1.80 (95% CI=1.48-2.19) in
participants without hyperlipidaemia.

The aOR of periodontitis as a risk factor for glaucoma
was 1.50 (95% CI=1.12-2.01) in underweight or normal-
weight participants, 1.73 (95% CI = 1.29-2.32) in overweight
participants, and 2.23 (95% CI=1.74-2.86) in obese par-
ticipants (Table 4).

4. Discussion

Similar to other systems, deteriorating ophthalmic
function is related to age and, hence, is more prevalent in
the older population [15]. When the visual field and visual
acuity are compromised, they not only affect the indi-
vidual’s ability to see but also affect the function of other
systems [9]. Similarly, previous studies on periodontitis
showed that aging leads to increased osteoclastic activity,
enhancing the susceptibility to periodontitis [16-18].
Aging-related association of ophthalmic disease and
periodontitis seems obvious. However, this study
attempted to analyse the association between periodon-
titis and glaucoma, using other possible predictive fac-
tors. This study revealed that glaucoma and periodontitis
were significantly associated at all ages and in both sexes
even after adjustment for several confounding factors
including age, diabetes, hypertension, BMI, income,
smoking, and alcohol consumption. Periodontitis and
glaucoma are associated with chronic inflammation and
innate immunity; innate immunity is known to play a role
in various chronic inflammatory diseases [19]. Peri-
odontitis stimulates an inflammatory response and in-
duces innate immunity response through the activation
of toll-like receptors (TLRs) [20]. Chronic exposure to
bacteria, viruses, fungal spores, and environmental

3
TaBLE 1: General characteristics of participants.
Characteristics . Total'p.art1c1pants p value
Periodontitis ~ Control
Age (mean, SD, y) 54.9 (7.9) 53.0(8.3) <0.001*
Sex (n, %) <0.001*

Men 3679 (38.4) 39,727 (34.4)

Women 5893 (61.6) 75,605 (65.6)

BMI (mean, SD, kg/mz) 24.0(2.9) 23.9(2.9) <0.001*
Income (n, %) <0.001*

Missing, no response 742 (7.8) 10,173 (8.8)

Lowest 3294 (34.4) 32,701 (28.4)

Middle 3556(37.2) 45,446 (39.4)

Highest 1980 (20.7) 27,012 (23.4)
Hypertension 2703 (28.2) 26,492 (23.0) <0.001*
Diabetes mellitus 1153 (12.0) 9254 (8.0) <0.001*
Hyperlipidaemia 2171(22.7) 17,046 (14.8) <0.001*
Smoking status (1, %) <0.001*

Nonsmoker 6428 (67.2) 83,955 (72.8)

Past smoker 1717 (17.9) 17,270 (15.0)

Current smoker 1427 (14.9) 14,107 (12.2)

Alcohol *
consumption (n, %) <0.001

Nondrinker 4594 (48.0) 58,888 (51.1)

Past drinker 461 (4.8) 4282 (3.7)

Current drinker 4517 (47.2) 52,162 (45.2)
Glaucoma (n, %) 187 (2.0) 1054 (0.9) <0.001*

*Independent t-test or chi-square test. Significance at p <0.05.

stressors can cause oral epithelial cells to secrete cyto-
kines (IL-1, IL-6, IL-17, and TNF-«a). These cytokines
activate several inflammatory pathways and recruit
dedicated immune cells (macrophages, dendritic cells,
eosinophils, neutrophils, T cells, and natural-Kkiller cells)
that could play significant roles in the pathogenesis of
chronic periodontitis [21, 22]. Glaucoma is characterized
by elevated intraocular pressure; however, it is more
accurately defined as a neuroinflammatory and neuro-
degenerative disease that results in the degeneration of
the retinal ganglion cells [23]. In glaucoma, elevated
intraocular pressure triggers an innate immune response,
which usually involves resident immune cells such as
microglia as well as the infiltration of macrophages and
monocytes [24]. The neuroinflammatory response acti-
vated by microglia is believed to play a leading role in the
pathophysiology of glaucoma. Activated microglia in-
duce secretion of proinflammatory cytokines (IL-1, IL-6,
and TNF-«a) and trigger innate immune responses
through TLRs [25-27]. Inflammation and innate im-
munity are essential for understanding the link between
periodontitis and glaucoma. In addition, oxidative stress
is a potential common pathophysiology for the two
conditions. Oxidative stress is defined as an imbalance
between the antioxidant mechanism and production of
highly reactive molecular species such as reactive oxygen/
nitrogen species (ROS/RNS) [28, 29]. Previous studies
have revealed that patients with chronic periodontitis
exhibit lower antioxidant capacity than controls, and
bacteria may be related to oxidative stress in patients with
periodontitis [30-35]. The pathophysiology of oxidative
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TaBLE 2: Crude and adjusted odds ratios (95% confidence interval) of periodontitis as a risk factor for glaucoma.
Characteristics Odds ratios for glaucoma
Crude p value Adjusted" p value
Total participants (n=124,904)
Periodontitis 5.96 (5.23-6.79) <0.001* 3.44 (2.99-3.97) <0.001*
Control 1.00 1.00
Age <52 years, men (n=19,428)
Periodontitis 8.61 (5.04-14.69) <0.001* 7.17 (4.11-12.51) <0.001*
Control 1.00 1.00
Age <52 years, women (1 =42,000)
Periodontitis 10.52 (6.39-17.32) <0.001" 8.04 (4.78-13.51) <0.001"
Control 1.00 1.00
Age > 52 years, men (n=23,978)
Periodontitis 4.05 (3.25-5.06) <0.001" 3.31 (2.62-4.17) <0.001"
Control 1.00 1.00
Age > 52 years, women (n=39,498)
Periodontitis 4.07 (3.38-4.89) <0.001* 2.96 (2.43-3.61) <0.001*

Control

1.00

1.00

*Logistic regression model; significance at p < 0.05. "Models adjusted for age, sex, income group, BMI, smoking, alcohol consumption, hypertension, diabetes

mellitus, and hyperlipidaemia.

TaBLE 3: Crude and adjusted odds ratios (95% confidence interval) of periodontitis as a risk factor for glaucoma according to their past
medical histories of hypertension, diabetes mellitus, and hyperlipidaemia.

Odds ratios for glaucoma

Characteristics Crude p value Adjusted’r p value

Participants with hypertension (n=29,195)
Periodontitis 2.24 (1.77-2.84) <0.001* 2.05 (1.61-2.61) <0.001*
Control 1.00 1.00

Participants without hypertension (n=95,798)
Periodontitis 1.97 (1.59-2.42) <0.001* 1.67 (1.35-2.06) <0.001*
Control 1.00 1.00

Participants with diabetes mellitus (n=10,407)
Periodontitis 2.08 (1.50-2.89) <0.001* 2.00 (1.44-2.78) <0.001*
Control 1.00 1.00

Participants without diabetes mellitus (n =114,497)
Periodontitis 2.05 (1.71-2.45) <0.001* 1.77 (1.47-2.12) <0.001*
Control 1.00 1.00

Participants with hyperlipidaemia (n=19,217)
Periodontitis 1.99 (1.52-2.60) <0.001* 1.85 (1.41-2.43) <0.001*
Control 1.00 1.00

Participants without hyperlipidaemia (n=105,687)
Periodontitis 2.04 (1.68-2.48) <0.001* 1.80 (1.48-2.19) <0.001*
Control 1.00 1.00

*Logistic regression model; significance at p < 0.05. "Models adjusted for age, sex, income group, BMI, smoking, alcohol consumption, hypertension, diabetes

mellitus, and hyperlipidaemia.

TaBLE 4: Crude and adjusted odds ratios (95% confidence interval) of periodontitis for glaucoma according to body mass index.

Odds ratios for glaucoma

Characteristics
Crude p value AdjustedJr p value
Participants with BMI <23 (underweight or normal, n =49,900)
Periodontitis 1.83 (1.38-2.44) <0.001* 1.50 (1.12-2.01) 0.006*
Control 1.00 1.00
Participants with BMI>23 and <25 (overweight, n = 34,604)
Periodontitis 2.01 (1.50-2.68) <0.001* 1.73 (1.29-2.32) <0.001*
Control 1.00 1.00
Participants with BMI>25 (obese, 1 =40,400)
Periodontitis 2.59 (2.02-3.31) <0.001* 2.23 (1.74-2.86) <0.001*
Control 1.00 1.00

*Logistic regression model; significance at p < 0.05. "Models adjusted for age, sex, income group, BMI, smoking, alcohol consumption, hypertension, diabetes

mellitus, and hyperlipidaemia.
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stress in periodontitis has been considered for decades;
however, it has not been completely understood [36, 37]. Some
studies have reported that the number of leukocytes is decreased
in periodontitis patients and that they also exhibit low oxidative
activity [38]. Other studies have found higher numbers of free
radicals in the leukocytes of periodontitis patients [39]. These
contradictory findings could be related to the dynamic path-
ophysiology of periodontitis and could explain the different
types of periodontitis [40]. The mechanism of oxidative stress is
ambiguous, and antioxidants can affect various processes that
are not directly related to free radical generation and/or action
[41]. Several studies have revealed that oxidative stress is closely
related to periodontitis, but the mechanism of oxidative stress in
the pathophysiology of periodontitis is not clear [42]. Oxidative
stress in periodontitis is assumed to be related to the patho-
genesis of various diseases. In fact, most inflammatory diseases
induce oxidative stress. However, few studies have analysed the
oxidative stress in systemic diseases with regard to periodontal
status [43, 44]. Nguyen et al. investigated the association be-
tween acute coronary syndrome and chronic periodontitis [43].
Another study reported that both rheumatoid arthritis and
chronic periodontitis showed definitive higher levels of oxi-
dative stress markers in plasma and lower antioxidant capacity
[45]. Oxidative stress has been associated with several oph-
thalmic diseases such as glaucoma, ocular surface disorders, and
diabetic retinopathy [46-48]. Oxidative damage was also evi-
dent in the DNA of primary open-angle glaucoma patients [49].
It has been revealed that primary open-angle glaucoma patients
are genetically predisposed to ROS-induced damage [49].
Oxidative stress influences the trabecular meshwork, Schlemm’s
canal, retinal ganglion cells, and optic nerve fibres [48]. Oxi-
dative stress has also been linked to primary open-angle
glaucoma by increasing the flow resistance in the anterior
chamber of the eye. However, further investigations are needed
to identify the exact signalling pathways regulated by ROS in
ophthalmic diseases. In order to evaluate the effect of obesity,
hypertension, diabetes, and hyperlipidaemia on the association
between periodontitis and glaucoma, additional evaluations
were performed with decreasing adjustments for obesity, hy-
pertension, diabetes, and hyperlipidaemia (Tables 3 and 4). As a
result, a possibility was evident that the association between
periodontitis and glaucoma would be increased by presence of
obesity, hypertension, diabetes, and hyperlipidaemia. Peri-
odontitis has also been associated with insulin resistance and
metabolic syndromes including hypertension and diabetes,
which are again characterized by oxidative stress [50]. Some
researchers have reported that primary open-angle glaucoma is
positively associated with hypertension and diabetes mellitus
[51, 52]. Many studies have shown that proinflammatory cy-
tokines such as IL-1, IL-6, and TNF-« and immune responses
could serve as a link between chronic periodontitis and other
chronic diseases [22, 50, 53]. All these factors seem to act as a
common link to explain the relationships among periodontitis,
hypertension, diabetes, hyperlipidaemia, and glaucoma [50, 54].
With the increase in BMI, the association between glaucoma
and periodontitis significantly increased (Table 4). This result
suggests that glaucoma is linked to periodontitis through factors

of insulin resistance and oxidative stress, and a high possibility
of glaucoma may be evident in obese periodontitis patients.
These additional evaluations included various adjustment
methods mentioned above and showed the effects of
obesity, hypertension, diabetes, and hyperlipidaemia on the
association between periodontitis and glaucoma. This study
used data from a large population. Nevertheless, the study
has some limitations. First, the data were collected using a
questionnaire survey. Hence, the data used in this study
may not be completely accurate. Data on confounding
factors such as diabetes and inflammation conditions could
be incorrect due to the subjective nature of the survey,
which could have influenced the study findings. Second, it
was infeasible to adjust for all factors that were not included
in the data. However, we attempted to adjust the maximum
number of factors to minimize surveillance bias. Third, the
validity of the questionnaire in terms of frequencies of
alcohol consumption and smoking is questionable due to
social desirability bias. Periodontitis can also progress
unnoticed until the teeth becomes mobile or useless; hence,
participants might not have been able to accurately diag-
nose periodontitis. Lastly, the mechanism of the rela-
tionship between periodontitis and glaucoma cannot be
clarified through the results of this study alone, and further
long-term studies are required to validate this association.
Despite these limitations, this study provided critical in-
formation about periodontitis and glaucoma. First, our
study was performed in a large sample of the Korean
population. Second, we adjusted the results for the factors
of age, sex, obesity, income, hypertension, hyperlipidaemia,
smoking, diabetes, and alcohol consumption to evaluate the
independent relationship between periodontitis and glau-
coma. If these factors were not adequately adjusted, they
could have influenced the association of periodontitis with
glaucoma. The adjustments helped in obtaining definitive
and valid results, without any bias.

5. Conclusions

This study showed the association between glaucoma and
periodontitis and suggested a possible mechanism for this
association. However, further studies would be needed to
overcome the limitations of this study.
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