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OBJECTIVE: To investigate the risk of glaucoma development in patients with atrial fibrillation (A-fib) using Korean National Health
Insurance Service data.

METHODS: The present study used a National Sample Cohort consisting of approximately one million random subjects who were
tracked from 2002 to 2013 (12 years). Newly diagnosed glaucoma and A-fib were included based on the Korean Classification of
Disease codes. The A-fib group consisted of patients who received an initial A-fib diagnosis between January 2003 and December
2007 as an index period (n = 8765). The control group (n = 43,352) was selected using a 1:5 propensity-score matching for social
and demographic factors. Each subject was followed up until 2013. Multivariate Cox proportional hazard regression analysis was
performed to compare the risk of glaucoma development between the A-fib group and the control group.

RESULTS: The rate of glaucoma development was 3.54% in the A-fib group and 2.96% in the control group (P < 0.0001). A-fib
increased the risk of glaucoma development [hazard ratio = 1.31; 95% confidence interval (Cl): 1.15 to 1.48] after adjusting for age,
sex, comorbidities, residence, household income, and year of enrollment. In multivariable Cox regression analysis, patients with
comorbidity of diabetes mellitus and chronic renal failure and those aged >50 years showed significantly higher risk of glaucoma
development (all P <0.001).

CONCLUSIONS: A-fib was significantly associated with the development of glaucoma after adjusting for potential confounding

factors. Physicians may need to monitor patients with A-fib carefully for possible glaucoma development.
Eye (2023) 37:2033-2041; https://doi.org/10.1038/541433-022-02274-1

INTRODUCTION

Glaucoma is an important public-health issue and one of the
leading causes of irreversible blindness worldwide [1]. Glaucoma is
a progressive optic neuropathy followed by a defect of the retinal-
nerve fiber layer (RNFL), which is accompanied by corresponding
visual field defects [2]. Glaucoma is recognized as a multifactorial
optic neuropathy. It remains as a disease with an unclear etiology.
Increased intraocular pressure (IOP) is a major risk factor of
glaucoma. However, other risk factors such as vascular injury and
hypoxia might be also related to the pathogenesis of glaucoma
[3-5]. A repeated reperfusion injury (for example, IOP fluctuation
or disturbed autoregulation) could also bring about oxidative
stress and lead to glaucomatous damage in the long run even if
the injury is mild [6]. Cardiovascular disorders (including
vasospasm, hypertension, and hypotension) and diabetes are
possible risk factors for glaucoma [7-14].

Similar to glaucoma, atrial fibrillation (A-fib) is a disorder of
significant importance in public health. A-fib is one of the most
common cardiac arrhythmias. A-fib presents an utterly irregular
heart rate that can lead to unstable ocular perfusion pressure and
eventually result in an unstable ocular blood flow. Flammer et al.

have described that unstable ocular perfusion may lead to
ischemia and reperfusion damage, which may contribute to the
vascular theory of pathogenesis of glaucoma [15]. The number of
people with A-fib in the world was estimated to be more than
33 million in 2010 [16]. A-fib is considered to be a major
cause of cardiovascular morbidity, heart failure, stroke, and
sudden death.

Patients with A-fib already have systemic disorders and many
A-fib patients have comorbidity of hypertension or diabetes.
Additional vision-threatening diseases such as glaucoma could
worsen patients’ quality of life, for example, contributing to
difficulties in near and distant activities and driving [17, 18]. Even
with good visual acuity, moderate visual field defects more
influenced the quality of life of glaucoma patients [17, 18]. Since
cardiovascular disease and glaucoma are both chronic diseases, if
a patient has both disorders, medical burden might be aggravated
during the lifetime [19].

Several studies using Korean National Health Insurance Service
data have reported that the risk of glaucoma is higher in those
with diabetes and hypertension (well-known cardiovascular risk
factors) than in those without them [20-22]. However, the
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association between cardiovascular disease, especially A-fib, and
the risk of glaucoma development using Korean National Health
Insurance Service data has not been reported yet.

To the best of our knowledge, the association between A-fib
and glaucoma has not been investigated in a longitudinal study
with a large sample before, especially in a single ethnic group of
Asians (Koreans). Thus, the objective of this study was to
investigate the risk of subsequent glaucoma development after
A-fib diagnosis using a representative sample of nationwide one
million subjects of the National Health Insurance Service -National
Sample Cohort from 2002-2013 dataset in South Korea.

MATERIALS AND METHODS

Data sources

This retrospective cohort study used a random sample of 1,025,340 sub-
jects from the National Health Insurance Service-National Sample Cohort
2002-2013 dataset. The sample accounted for approximately 2.2% of the
whole population of Korea in National Health Insurance Service of 2002.
Data were extracted from the National Health Insurance Service using
systematic random sampling for research purposes. Korea has retained a
nationwide health-insurance system since 1963 under the Korean National
Health Insurance Service. Almost all data in the health insurance system
are integrated in a large data source. Health Insurance claims data include
diagnostic and, procedure codes, prescription of medicines, personal
information, and medical care costs. Moreover, the Korean National Health
Insurance Service employs the Korean Classification of Diseases (KCD),
which resembles the International Classification of Diseases (ICD). Data
resource profile regarding the National Health Information Database of the
National Health Insurance Service in South Korea has been previously
described in detail [23].

Study population

Inclusion criteria were: (1) patients in the study cohort who received medical
care between January 1st, 2003 and December 31st, 2007 with a newly
diagnosed A-fib (KCD code 148, corresponding to ICD-9-CM code 427.3, A-fib
and flutter, case cohort group); (2) subjects (comparison control cohort)
drawn using a 1:5 propensity-score matching from the dataset of 1 million
participants without A-fib between January 2003 and December 2007; (3)
patients newly diagnosed as having glaucoma (ICD-10 codes H40.1: primary
open-angle glaucoma, H40.2: primary angle-closure glaucoma, H40.3, H40.4,
H40.5, H40.6: other types of glaucoma) who received eyedrop medication
(prescribed at ophthalmology) after the diagnosis of A-fib from 2003 to 2013
to calculate glaucoma occurrence as the main outcome. Newly diagnosed
glaucoma patients did not receive eyedrop medication before the diagnosis
of glaucoma. Exclusion Criteria were: (1) patients with pre-existing A-fib
before 2003; (2) patients with glaucoma occurring before the development of
A-fib, depending on the date of visit. Those patients with acute myocardial
infarction (KCD code 121 corresponding to ICD-9-CM code 410, AMI) was not
included in the present study.

Matching was done with the following variables: (1) age (<50/50-59/
60-69/70-79/= 80 years), (2) sex, (3) household income (<30%, 30-70%,
and =70%), (4) year of enrollment (2003-2007), and (5) residential area.
Inclusion and exclusion of subjects and propensity matching were
performed according to previously reported methods [20-22, 24]. The <
30% household income means the lower income participant who pays the
health insurance premium which is the Oth to 3rd deciles. The 30-70% are
the health insurance premium which is the 4th to 7th decile. And the >
70% are the health insurance premium which is the 8th to 10th decile. A
diagram of the study design regarding the extraction and follow-up of
subjects is shown in Fig. 1a. A flowchart regarding inclusion and exclusion,
and follow up loss (death) has been demonstrated as Fig. 1b.

Comorbidities

Hypertension was defined on the basis of KCD code 110 (corresponding to
ICD-9-CM code 401, essential hypertension), diabetes mellitus with KCD
code E10-E14 (corresponding to ICD-9-CM code 250, Diabetes mellitus),
chronic renal failure with KCD code N18 (corresponding to ICD-9-CM code
585, Chronic kidney disease), and hyperlipidaemia with KCD code
E78.0-78.5 (corresponding to ICD-9-CM codes 272.0, pure hypercholes-
terolemia; 272.1, pure hyperglyceridaemia; 272.2, mixed hyperlipidaemia;
272.3, hyperchylomicronaemia; and 272.4, other and unspecified
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hyperlipidaemia) as comorbidities. These comorbidities had to be
diagnosed between 2003 and 2013 and prior to the A-fib diagnosis in
the case-cohort group of matched pairs.

Statistical analysis

Propensity-score matching was carried out to estimate the occurrence of
A-fib. Propensity scores were calculated employing logistic regression to
control socio-demographic factors, including gender, age, household
income, and residential area. Residential area was categorized into four
areas including: (1) the 1st area, metropolitan area of Seoul; (2) the 2nd
area, the largest province; (3) the 3rd area, the second-largest city and the
2nd and 3rd largest provinces; and (4) other areas included in the 2nd or
the 3rd area. Matching was carried out using the Greedy 8 — 1 digit-
matching macro along with the calculated propensity score of each year
from 2003 to 2007.

To calculate the hazard associated with A-fib, hazard ratios (HRs) and
95% confidence intervals (Cls) were analyzed with univariate and
multivariate Cox proportional hazard regression methods. In the multi-
variate analysis, we used four models to determine the risk of glaucoma
development in CRD. In model 1, only two confounding factors (age
groups and sex) were selected. In model 2, confounding factors that were
significant in univariate analysis were selected. In model 3, confounding
factors were selected with the best subset selection method, a method
that could find the lowest Akaike information criterion (AIC) value among
all possible combinations of independent variables. Model 4 was a model
that included all independent variables.

We used the Kaplan-Meier curve to analyze cumulative incidence of
glaucoma in each year with 11 years of follow-up period (2003-2013). If a
patient died during the study period who did not develop glaucoma or
return to the hospital until the end of the study, the patient was regarded
as censored. Follow-up started from the first date of A-fib diagnosis. For
the comparison control group, it started at a randomly selected index date
during the matched year. Follow-up finished at the last visit date up to
2013 for subjects without subsequent glaucoma or the first date of
glaucoma diagnosis (Fig. 1a).

To test differences in proportions for glaucoma event, demographic
factors, and other variables between the control group and the A-fib
group, Pearson’s Chi-square test was performed. Statistical significance was
acknowledged at P < 0.05. SAS System version 9.4 (SAS Institute, Inc., Cary,
NC, USA) and Stata/MP version 14.0 (StataCorp, College Station, TX, USA)
were used for all statistical analyses.

RESULTS

Baseline characteristics

A total of 52,117 subjects (43,352 controls without A-fib and 8765
patients with A-fib) were eligible for the final analysis. Throughout
the whole follow-up period (median, 7.7 years, min-max;
7-4017 days), glaucoma developed more frequently in subjects
with A-fib than in those without A-fib (3.54% vs. 2.96%,
P < 0.0042). Comorbidities such as diabetes mellitus, hypertension,
chronic renal failure, and hyperlipidemia were more common in
the A-fib group than in the socio-demographic-matched control
group (P < 0.0001 for all). There was no significant difference in the
proportion of patients according to the presence of A-fib for socio-
demographic variables used for matching between the two
groups (Table 1).

Factors associated with glaucoma incidence

Univariate Cox proportional hazard regression results are shown in
Table 2. Four multivariate models were built, including the one
with all variables adjusted (model 4). We found that glaucoma was
associated with a following diagnosis of A-fib (hazard ratio [HRI:
1.31; 95% confidence interval [Cl]: 1.15-1.48) in model 4 and in the
other 3 models (HR=1.4 in model 1, HR=1.3 in model 2, and
HR = 1.32 in model 3). Comorbidity of diabetes mellitus (HR: 1.3;
95% Cl: 1.15-1.47) and chronic renal disease (HR: 1.97; 95% Cl:
1.35-2.89) were significantly associated with glaucoma develop-
ment in our multivariate model 4. They were also significant in
model 2 and in model 3 (all P<0.001, Table 3). However, other
comorbidities such as hypertension and hyperlipidemia failed to
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Fig. 1 Diagram of the longitudinal cohort study. a Study design of a nationwide cohort of one million for 12 years. There was a one-year
washout period between January 1st, 2002 and December 31st, 2002. The index period was between January 1st, 2003 and December 31st,
2007. Newly diagnosed A-fib (KCD code 148) was defined as the A-fib cohort group. Subjects (comparison control cohort) were extracted using
a 1:5 propensity-score matching from the database of 1 million subjects without A-fib between January 2003 and December 2007. Patients
newly diagnosed as having glaucoma (ICD-10 code H40., glaucoma) who received eyedrop medication (prescribed at ophthalmology) after
the diagnosis of A-fib were followed up from 2003 until 2013 (follow-up period) to assess glaucoma occurrence as the outcome variable.
Newly diagnosed glaucoma patients did not receive eyedrops before the diagnosis of glaucoma. b Flowchart of the study. A flowchart
regarding inclusion and exclusion, and follow up loss (death) throughout the whole follow up period has been demonstrated. Newly
diagnosed atrial fibrillation (case) and matched control and the development of newly diagnosed glaucoma (event) after the diagnosis of
atrial fibrillation (case) have been shown in this flowchart. ¢ Cumulative incidence of glaucoma for up to 11 years by Kaplan-Meier survival
curves. Those with A-fib had higher incidence of glaucoma than the control group without A-fib. Kaplan—Meier survival curves for the A-fib
group and control group showed significant differences using the log-rank test (P < 0.0001). Cumulative incidence of glaucoma at 11 years
was significantly higher in the A-fib group (6.42%) than in the control group without A-fib (4.02%). Cumulative incidence of glaucoma in the
A-fib group was higher than that in the control group at each time point during the follow-up period of 11 years.

Control Adfib ]

show significant associations with glaucoma development in had glaucoma more frequently than those without A-fib in the
model 4, model 2, or model 3 (all P> 0.05). control group. Kaplan-Meier curves for the A-fib group and the

The age group of more than 50 years showed significantly control group showed a significant difference using the log-rank
higher incidence of glaucoma than the age group of less than 50 test (P<0.0001). Cumulative incidence of glaucoma at 11 years
years as the reference group (P < 0.010). The adjusted HR was 2.78 was significantly higher in the A-fib group (6.42%) than in the
(2.28-3.39) for age of 50-59 years, 4.05 (3.37-4.86) for age of control group without A-fib (4.02%). Cumulative incidence of
60-69 years, 4.63 (3.83-5.61) for age of 70-79 years, and 2.91 glaucoma at each time point of each year during the 11 years of
(2.25-3.78) for age of more than 80 years in model 4. All other follow-up is shown in Table 4. Cumulative incidence of glaucoma

models consistently showed the same tendency (all P<0.001). was 1.55% in the A-fib group and 1.12% in the control group at
Men and women did not show significant difference in the three years. At 5 years, it was 2.49% in the A-fib group and 1.88%
incidence of glaucoma in our calculated study subjects in model 4 in the control group. At seven years, it was 3.36% in the A-fib
(P=0.405) or model 1 (Table 3). group and 2.68% in the control group. At 10 years, it was 5.47% in

We analyzed residential areas with metropolitan Seoul as the A-fib group and 3.76% in the control group. Cumulative
reference. The second and third areas did not show any significant incidence of glaucoma in the A-fib group was higher than that in
difference in the development of glaucoma in model 2, 3, or 4 (all the control group at each time point during the follow-up period

P>0.121). However, the fourth area showed significantly less of 11 years (Table 4).
development of glaucoma in models 2, 3, and 4 (all P<0.001),

with HR of 0.82 in model 4. Household income showed no

significant difference among 0-30%, 30-70%, and 70-100% in DISCUSSION

model 4 (all P> 0.445) (Table 3). To the best of our knowledge, this is the first study to demonstrate
the significant association between newly diagnosed A-fib and
Cumulative incidence for glaucoma subsequent glaucoma development using a cohort of one million

Kaplan-Meier curves for cumulative incidence of glaucoma in subjects with long-term follow-up of 12 years based on the Korean
each year for up to 11 years are shown in Fig. 1c. Those with A-fib National Health Insurance Service dataset. Since A-fib is the most
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Table 1. Characteristics of the study population.
Variables Control A-fib P value
(N =43,352) (N = 8765)

Glaucoma 0.0042
No event 42,069 (97.04) 8455 (96.46)

Event 12,83 (2.96) 310 (3.54)

Hypertension <0.0001
No 31,500 (72.66) 4415 (50.37)

Yes 11,852 (27.34) 4350 (49.63)

Diabetes mellitus <0.0001
No 36,047 (85.18) 6274 (71.58)

Yes 7305 (16.85) 2491 (28.42)

Chronic renal <0.0001

failure
No 43,102 (99.42) 8594 (98.05)
Yes 250 (0.58) 171 (1.95)

Hyperlipidaemia <0.0001
No 37,208 (85.83) 6435 (73.42)

Yes 6144 (14.17) 2330 (26.58)

Variables for matching

Year 0.7247

2003 9397 (83.19) 1899 (16.81)
2004 8830 (82.79) 1836 (17.21)
2005 9258 (83.51) 1828 (16.49)
2006 7972 (83.22) 1608 (16.78)
2007 7895 (83.2) 1594 (16.8)

Age group (year) 0.8309

<50 11,865 (83.33) 2374 (16.67)
50-59 7705 (83.3) 1545 (16.7)
60-69 10,930 (83.23) 2203 (16.77)
70-79 8733 (83.09) 1777 (16.91)

>80 4119 (82.63) 866 (17.37)

Sex 0.8849
Male 22,260 (83.16) 4508 (16.84)

Female 21,092 (83.21) 4257 (16.79)

Residence 0.9999
Seoul 8388 (83.19) 1695 (16.81)
(metropolitan)
2nd area 2366 (83.13) 480 (16.87)
3rd area 2949 (83.19) 596 (16.81)
4th area 29,649 (83.18) 5994 (16.82)

Household income 0.9906

0-30% 9275 (83.14) 1881 (16.86)
30-70% 14,794 (83.2) 2988 (16.8)
70-100% 19,283 (83.19) 3896 (16.81)

A-fib atrial fibrillation.
P-value by Chi-square test.
Percent proportion is indicated in ().

common cardiac arrhythmia and glaucoma is one of the leading
causes of irreversible visual loss, both A-fib and glaucoma are of
significant social importance in terms of public-health care. We
found that subsequent glaucoma developed significantly more
frequently in subjects with newly diagnosed A-fib than in those
without A-fib. Cumulative incidence of glaucoma was significantly
higher in subjects with A-fib than in those without A-fib at 11
years of follow-up.

SPRINGER NATURE

In the sequence of A-fib, conditions prone to the formation of
intracardiac thrombus may cause macro- and microembolisms
[25]. Microembolic complications may go unnoticed in clinical
ophthalmologic practice [26, 27]. However, repeated microemboli
occlusion of any level of ophthalmic artery or branched posterior
ciliary artery or central retinal artery and subsequent reperfusion
causes reperfusion injury, which could lead to unstable ocular
perfusion of either choroid or retina [28]. Repeated transient
ischemic episodes may bring about perfusion disturbance and
RGC death, which can lead to glaucomatous change [28].

A-fib as the most common cardiac arrhythmia may lead to
unstable ocular perfusion. Unstable ocular perfusion is repre-
sented by PVD such as migraines and orthostatic hypotension,
which is a considerable risk factor of glaucoma [15, 29, 30].
Numerous population-based studies have demonstrated that a
decreased diastolic ocular perfusion pressure is one of risk factors
of glaucoma [31-33]. Besides this factor, nocturnal hypotension,
low BP, orthostatic hypotension, unstable mean ocular perfusion
pressure, autonomic dysfunction, peripheral microcirculation
abnormality, and PVD are also features of glaucoma patients
[34-39]. These mechanisms of A-fib might have influenced the
following development of glaucoma in A-fib patients in our study.

Some studies have indicated a possible association between
A-fib and glaucoma. However, none of them was a population-
based study with a big data setting. Earlier studies have reported
that cardiac arrhythmias, especially A-fib, were related with
impairment of visual acuity and visual field defects in elderly
glaucoma patients [40]. Glaucoma patients had significantly more
A-fib than the control group in this previous study [40]. The same
author group in Finland found that A-fib and low systolic blood
pressure were associated with impairment of ocular functions in
elderly glaucoma patients [41]. However, they were institutiona-
lized elderly glaucoma patients and may not represent general
population. The diagnostic criteria were not clear from these old
papers, but possibly most of them were primary open-angle
glaucoma (POAG) with high IOP. Another hospital-based study of
Polish patients reported that A-fib, independent of well-known
other cardiovascular factors, increased the risk of developing
normal-tension glaucoma [28]. Although these studies were
hospital-based studies, they all reported the association between
A-fib and glaucoma in both possibly POAG and normal-tension
glaucoma.

Diabetes and type 2 diabetes mellitus have been previously
reported to be associated with glaucoma development using the
same Korean National Health Insurance Service data [20, 21].
Diabetes is affected by several factors, including oxidative stress
[42], advanced glycation end products [43], and obstructed
retrograde axonal flow of RGCs [44]. Of these, oxidative stress
could be affected by systemic vascular disorders such as A-fib. In
this study, comorbidity of diabetes was significantly associated
with the development of glaucoma (HR: 1.30, P < 0.001). Diabetes
mellitus can induce structural and functional injuries to small
blood vessels, thus causing microvascular circulatory impairment
of the optic nerve and retina [45]. Besides these vascular
alterations, diabetes mellitus can damage retinal physiological
functions of the glia and neurons. These mechanisms might have
influenced results of higher incidence of glaucoma in those with
comorbidity of diabetes in our study. In a recent population-based
cohort study, superior and inferior peripapillary RNFL was
significantly thinner among those with higher HbA1c levels and/
or diabetes [46]. These findings also suggest possible clinical
relationship between diabetes and glaucoma.

In a recent study using the same Korean National Health
Insurance Service dataset, we have found a significant association
between chronic renal disease and following development of
glaucoma after adjusting for potential confounding factors [47].
Another study using the Korean National Health and Nutrition
Examination Survey of 2010-2011, a cross-sectional population-
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Univariable Cox

Table 2. Univariable Cox Hazard Proportion Analysis for the overall incidence of glaucoma.
Glaucoma
No event (N =50,524)
Group
Control 42,069 (97.04)
A-fib 8455 (96.46)
Hypertension
No 34,981 (97.4)
Yes 15,543 (95.93)

Diabetes mellitus
No 41,167 (97.27)
Yes 9357 (95.52)
Chronic renal failure
No 50,131 (96.97)
Yes 393 (93.35)
Hyperlipidaemia
No 42,413 (97.18)
Yes 8111 (95.72)

Age group (year)

<50 14,086 (98.93)
50-59 8963 (96.9)
60-69 12,547 (95.54)
70-79 10,040 (95.53)
>80 4888 (98.05)
Sex
Male 25,964 (97)
Female 24,560 (96.89)
Residence

Seoul (metropolitan) 9711 (96.31)

2nd area 2757 (96.87)
3rd area 3439 (97.01)
4th area 34,617 (97.12)

Household income

0-30% 10,828 (97.06)
30-70% 17,289 (97.23)
70-100% 22,407 (96.67)

A-fib atrial fibrillation.

Event (N =1,593) HR (95% CI) P value
1283 (2.96) 1.00
310 (3.54) 1.362 (1.203,1.542) <0.0001
934 (2.6) 1.00
659 (4.07) 1.83 (1.656, 2.023) <0.0001
1154 (2.73) 1.00
439 (4.48) 1.946 (1.742, 2.173) <0.0001
1565 (3.03) 1.00
28 (6.65) 3.071 (2.113, 4.463) <0.0001
1230 (2.82) 1.00
363 (4.28) 1.712 (1.523, 1.926) <0.0001
153 (1.07) 1.00
287 (3.1) 2.996 (2.462, 3.645) <0.0001
586 (4.46) 4.508 (3.773, 5.385) <0.0001
470 (4.47) 5.251 (4.375, 6.303) <0.0001
97 (1.95) 3.144 (2.436, 4.057) <0.0001
804 (3) 1.00
789 (3.11) 1.013 (0.919, 1.118) 0.7899
372 (3.69) 1.00
89 (3.13) 0.881 (0.699, 1.111) 0.284
106 (2.99) 0.822 (0.663, 1.021) 0.0759
1026 (2.88) 0.782 (0.695, 0.88) <0.0001
328 (2.94) 1.00
493 (2.77) 0.918 (0.798, 1.056) 0.2305
772 (3.33) 1.125 (0.989, 1.28) 0.0735

Based on the results of all the univariable Cox Hazard Proportion Analysis model, we adjusted the confounding factors and performed a multivariable Cox

proportional hazard regression analysis.

Percent proportion is indicated in () except for the 95% confidence interval.

based study including more than 4000, has shown that low renal
function as a low estimated glomerular filtration rate is associated
with POAG [48]. These results were concordant with the present
study showing that comorbidity of chronic renal failure was
significantly associated with subsequent development of glau-
coma in our A-fib case-control study (HR: 1.97, P <0.001).

The prevalence of glaucoma was significantly higher in older
age groups compared to the group of those younger than 50
years old (all P<0.001). Since glaucoma is an age-dependent
disease and the prevalence of glaucoma increases with age as
reported in many population-based studies worldwide [49], the
results of our study seem reasonable.

Patients with A-fib already have systemic disorder and many
A-fib patients have comorbidity of hypertension or diabetes. Thus,
they already have a high risk of hypertensive or diabetic
retinopathy, which could lead to visual loss. Additional vision-
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threatening diseases such as glaucoma could deteriorate patients’
quality of life [17, 18]. Near and distant activities, peripheral vision,
and driving are all influenced by glaucomatous visual defects,
even with good visual acuity [17, 18]. Glaucoma also affects motor
disturbances such as falling, which could lead to another medical
treatment. Thus, medical burden might be aggravated during the
lifetime [19]. Therefore, it may be important for physicians or
cardiologists to consider referring these A-fib patients to
ophthalmologists, especially to glaucoma specialists for proper
evaluation and management to prevent further visual impairment
and medical complications.

The strength of this study was that it included a large number of
subjects with a long-term follow-up of 12 years. To the best of our
knowledge, studies that investigate glaucoma development
following A-fib using Korean National Health Insurance Service
data have not been reported yet.
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Table 3. Multivariable Cox Hazard Proportion Analysis for the overall incidence of glaucoma by modeling.
Variables Model 1 Model 2 Model 3 Model 4
Adjusted HR P value Adjusted HR P value Adjusted HR P value Adjusted HR P value
(95% CI) (95% CI) (95% Cl) (95% CI)
Group
Control 1.00 1.00 1.00 1.00
Case 1.4 (1.24-1.59) <0.001 1.3 (1.15-1.48) <0.001 1.32 (1.16-1.5) <0.001 1.31 (1.15-1.48) <0.001
Hypertension
No 1.00 1.00
Yes 1.08 (0.97-1.22) 0.168 1.09 (0.97-1.22) 0.167
Diabetes mellitus
No 1.00 1.00 1.00
Yes 1.3 (1.15-1.48) <0.001 1.33 (1.18-1.5) <0.001 1.3 (1.15-1.47) <0.001
Hyperlipidaemia
No 1.00 1.00 1.00
Yes 1.11 (0.97-1.26) 0.136 1.13 (1-1.29) 0.059 1.1 (0.97-1.26) 0.144
Chronic renal failure
No 1.00 1.00 1.00
Yes 1.99 (1.36-2.9) <0.001 2.02 (1.38-2.95) <0.001 1.97 (1.35-2.89) <0.001
Age group (year)
<50 1.00 1.00 1.00 1.00
50-59 3 (2.47-3.65) <0.001 2.78 (2.28-3.39) <0.001 2.81 (2.3-3.42) <0.001 2.78 (2.28-3.39) <0.001
60-69 4.54 (3.8-5.42) <0.001 4.05 (3.37-4.86) <0.001 4.13 (3.45-4.95) <0.001 4.05 (3.37-4.86) <0.001
70-79 5.33 (4.44-6.4) <0.001 4.66 (3.85-5.63) <0.001 4.79 (3.97-5.77) <0.001 4.63 (3.83-5.61) <0.001
>80 3.22 (2.5-4.16) <0.001 291 (2.25-3.77) <0.001 3 (2.32-3.87) <0.001 291 (2.25-3.78) <0.001
Sex
Male 1.00 1.00
Female 0.96 (0.87-1.05) 0.364 0.96 (0.87-1.06) 0.405
Residence
Seoul 1.00 1.00 1.00
(metropolitan)
2nd area 0.84 (0.66-1.05) 0.13 0.84 (0.66-1.05) 0.13 0.84 (0.67-1.06) 0.145
3rd area 0.84 (0.68-1.05) 0.126 0.84 (0.68-1.05) 0.121 0.85 (0.68-1.05) 0.136
4th area 0.81 (0.72-0.92) <0.001 0.81 (0.72-0.91) <0.001 0.82 (0.73-0.92) <0.001
Household income
0-30% 1.00
30-70% 0.96 (0.83-1.1) 0.569
70-100% 1.05 (0.92-1.2) 0.445
Mcl)del criterion AUC: 0.649; AIC: 33288.08 AUC: 0.664; AIC: 33236.13 AUC: 0.663; AIC: 33236.03 AUC: 0.665; AIC: 33238.82
value

AUC Area Under the Curve, AIC Akaike’s Information Criterion, the model with the largest AUC or lowest AIC value being considered the best.

This study has several limitations. The most important one was
the potential incorrectness of the diagnosis of A-fib and glaucoma
based on KCD codes. However, several published papers have
used Korean National Health Insurance claims data for glaucoma
[20-22, 50-53]. Furthermore, the cumulative incidence of glau-
coma in the control group consistently increased for 11 years as
shown in Fig. 1c. This might partly indicate the validity of the
glaucoma diagnosis in this study. Second, glaucoma might have
been underdiagnosed and underreported because it might be
asymptomatic until a relatively late stage. Hence, diagnosis of
glaucoma is often delayed or missed at an early stage because of
delayed visits to ophthalmologists. These cases might have
belonged to the non-glaucoma event group. Thus, the real HR
might be greater than the HR presented in this study. Third,
glaucoma diagnoses were not subclassified according to its
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subtypes. The KCD code-based diagnosis does not always reflect
the correct cause of glaucoma because gonioscopy or anterior
segment optical coherence tomography is not consistently used
to distinguish angle status. Since IOP is also not always measured
with Goldmann applanation tonometry, it is difficult to discrimi-
nate normal tension glaucoma with only the KCD code. In this
regard, we included overall glaucoma with KCD code-based
diagnosis. However, mechanisms of the included glaucoma may
be different according to subtypes of glaucoma. Regarding other
limitations of our study, the following should be mentioned. First,
other data of health examinations, such as body mass index,
smoking, and alcohol status, were only partially included. In this
aspect, these potential confounding factors could not be adjusted.
Second, there was a higher probability of bias for control group
patients from the health insurance data than for healthy control

Eye (2023) 37:2033 - 2041



H.-k. Cho et al.

2039
@ patients from the general population who are not registered in
Zg® s & 3 X health insurance data without having received any medical care.
Léé%“i ~ = N; N:: Third, potential ethnic discrepancies might exist in other ethn.ic
G2E- 33 9o I8 groups than in this Korean population, which was not regarded in
the present study.

In conclusion, A-fib was significantly associated with glaucoma
§ e® 7 ® N development after adjusting for potential confognding fac_tors.
£58F < - Thus, physicians may need to pay careful attention to patients
ESe 5% n Bl with A-fib, especially those with comorbidities of diabetes and
R e e chronic renal failure. These patients should be referred to

ophthalmologists for glaucorr_1a screening to avoid pqtential
$.% s a = impairment of vision. Eopulatlon-based multicentre studies are
5E8p o - @ needed for a definitive judgment.
o o < o
SUMMARY
2.5 =~ 5 @ What was known before
T [} {o)) aY W
§-§ g - Eg 38 Ao ® The association of higher risk of glaucoma in those with
diabetes and hypertension (well-known cardiovascular risk
D e factors) than those without were reported using Korean
£82 8 3 % National Health Insurance Service data.
TERRY 8 8o
SEUR | ey e What this study adds
e g® o ml @ ® The association between cardiovascular disease, especi{illy
] §§ § : S o atrial fibrillation, and the risk of glaucoma development using
3 'E%; ﬁg Eg Ra Korean National Health Insurance Service data has not bgen
N reported yet. The present study reveals that atrial fibrillation
was significantly associated with the development of glau-
2.8 s = 3 coma after adjusting for potential confounding factors in 12
583 = SRS year longitudinal national cohort.
$2828 gder
g JEBwm °c  “c «d
[
~
- ¢ . = = = DATA AVAILABILITY
5 % § % @ N § E The datasets generated during and/or analysed during the current study are available
-8 ; § 2”. g - ;5 g oF from the corresponding author on reasonable request.
g CEES 2= 22 ]
o
5 REFERENCES
(l;) 2 o ® ) N 1. Flaxman SR, Bourne RRA, Resnikoff S, Ackland P, Braithwaite T, Cicinelli MV, et al.
fg = §§ 4 - = = Global causes of blindness and distance vision impairment 1990-2020: a sys-
] T ":). o 8 N g 0 R tematic review and meta-analysis. Lancet Glob Health. 2017;5:e1221-e34.
S 0Efm -c =E| =& 2. Weinreb RN, Khaw PT. Primary open-angle glaucoma. Lancet. 2004;363:1711-20.
g 3. Flammer J, Mozaffarieh M. What is the present pathogenetic concept of glau-
§ comatous optic neuropathy? Surv Ophthalmol. 2007;52:5162-73.
° 2 g ® 2 s g 4. Rudnicka AR, Mt-Isa S, Owen CG, Cook DG, Ashby D. Variations in primary open-
g E ég ﬁ g gl ‘_ angle glaucoma prevalence by age, gender, and race: a Bayesian meta-analysis.
g EZzgl 98 a8 Invest Ophthalmol Vis Sci. 2006;47:4254-61.
3 VEfnce s9 =2 5. Wolfs RC, Borger PH, Ramrattan RS, Klaver CC, Hulsman CA, Hofman A, et al.
o Changing views on open-angle glaucoma: definitions and prevalences-The
5 0 o Rotterdam Study. Invest Ophthalmol Vis Sci. 2000;41:3309-21.
g £ S:"; E. @ Q i 6. Flammer J. Glaucomatous optic neuropathy: a reperfusion injury. Klin Monbl
3§58 e = £ Augenheilkd. 2001;218:290-1.
% é E § g “\9; & ﬁ Q g 5 7. Bosgsuyt J, Vandekerckhove G, De Backer TL, Van de Velde S, Azermai M, Stevens
g EEblE Eb e § AM, et al. Vascular dysregulation in normal-tension glaucoma is not affected by
S 2 structure and function of the microcirculation or macrocirculation at rest: a case-
S € o o] ‘@ control study. Med (Baltim). 2015;94:e425.
E E % 8 E % 8. Bowe A, Grunig M, Schubert J, Demir M, Hoffmann V, Kutting F, et al. Circadian
g c 3 5 variation in arterial blood pressure and glaucomatous optic neuropathy-A sys-
% ~ o~ -8 —:‘ § tematic review and meta-analysis. Am J Hypertens. 2015;28:1077-82.
E = o 8 % 5y 9. Broadway DC, Drance SM. Glaucoma and vasospasm. Br J Ophthalmol.
£ = @ ? & 55¢ 1998;82:862-70.
v q,:—‘, g & 10. Graham SL, Drance SM. Nocturnal hypotension: role in glaucoma progression.
< S 518 Surv Ophthalmol. 1999:43510-6. _ ‘ .
K = 2 iz 2 o '—Q"_ L 11. Hayreh SS. The role of age and cardiovascular disease in glaucomatous optic
E e &8 z E NN neuropathy. Surv Ophthalmol. 1999;43:527-42.

Eye (2023) 37:2033 - 2041 SPRINGER NATURE



H.-k. Cho et al.

2040

2

3

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Hayreh SS, Podhajsky P, Zimmerman MB. Role of nocturnal arterial hypotension
in optic nerve head ischemic disorders. Ophthalmologica. 1999;213:76-96.

. Koch EC, Staab J, Fuest M, Witt K, Voss A, Plange N. Blood pressure and heart rate
variability to detect vascular dysregulation in glaucoma. J Ophthalmol.
2015;2015:798958.

. Wierzbowska J, Wierzbowski R, Stankiewicz A, Siesky B, Harris A. Cardiac auto-
nomic dysfunction in patients with normal tension glaucoma: 24-h heart rate and
blood pressure variability analysis. Br J Ophthalmol. 2012;96:624-8.

. Flammer J, Orgul S, Costa VP, Orzalesi N, Krieglstein GK, Serra LM, et al. The
impact of ocular blood flow in glaucoma. Prog Retin Eye Res. 2002;21:359-93.

. Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M, Benjamin EJ, et al.
Worldwide epidemiology of atrial fibrillation: a Global Burden of Disease 2010
Study. Circulation. 2014;129:837-47.

. Chun YS, Sung KR, Park CK, Kim HK, Yoo C, Kim YY, et al. Vision-related quality of
life according to location of visual field loss in patients with glaucoma. Acta
Ophthalmol. 2019;97:e772-e9.

. Szegedi S, Boltz A, Scharinger EM, Vecsei-Marlovits PV. Quality of life in patients
with glaucoma assessed by 39-item National Eye Institute Visual Functioning
Questionnaire (NEI VFQ-39). Graefes Arch Clin Exp Ophthalmol. 2022;
260:1623-31.

. Rasendran C, Li A, Singh RP. Incremental health care expenditures associated

with glaucoma in the United States: A propensity score-matched analysis. J

Glaucoma. 2022;31:1-7.

Jung Y, Han K, Park HL, Park CK. Type 2 diabetes mellitus and risk of open-angle

glaucoma development in Koreans: An 11-year nationwide propensity-score-

matched study. Diabetes Metab. 2018;44:328-32.

Rim TH, Lee SY, Bae HW, Seong GJ, Kim SS, Kim CY. Increased risk of open-angle

glaucoma among patients with diabetes mellitus: a 10-year follow-up nationwide

cohort study. Acta Ophthalmol. 2018;96:e1025-e30.

Rim TH, Lee SY, Kim SH, Kim SS, Kim CY. Increased incidence of open-angle

glaucoma among hypertensive patients: an 11-year nationwide retrospective

cohort study. J Hypertens. 2017;35:729-36.

Cheol Seong S, Kim YY, Khang YH, Heon Park J, Kang HJ, Lee H. et al. Data

resource profile: the national health information database of the National Health

Insurance Service in South Korea. Int J Epidemiol. 2017;46:799-800.

Lee KS, Nam KH, Kim DW, Kang EC, Koh HJ. Risk of retinal vein occlusion in

patients with end-stage renal disease: a 12-year, retrospective, Nationwide

Cohort Study in South Korea. Invest Ophthalmol Vis Sci. 2018;59:39-44.

Al-Saady NM, Obel OA, Camm AJ. Left atrial appendage: structure, function, and

role in thromboembolism. Heart. 1999;82:547-54.

Hayreh SS, Podhajsky PA, Zimmerman MB. Retinal artery occlusion: associated

systemic and ophthalmic abnormalities. Ophthalmology. 2009;116:1928-36.

Yen JC, Lin HL, Hsu CA, Li YC, Hsu MH. Atrial fibrillation and coronary artery

disease as risk factors of retinal artery occlusion: a nationwide population-based

study. Biomed Res Int. 2015;2015:374616.

Zaleska-Zmijewska A, Janiszewski M, Wawrzyniak ZM, Kuch M, Szaflik J, Szaflik JP.

Is atrial fibrillation a risk factor for normal-tension glaucoma? Med (Baltim).

2017;96:28347.

Flammer J, Konieczka K, Flammer AJ. The primary vascular dysregulation syn-

drome: implications for eye diseases. EPMA J. 2013;4:14.

Park HY, Park SH, Park CK. Central visual field progression in normal-tension

glaucoma patients with autonomic dysfunction. Invest Ophthalmol Vis Sci.

2014;55:2557-63.

Bonomi L, Marchini G, Marraffa M, Bernardi P, Morbio R, Varotto A. Vascular risk

factors for primary open angle glaucoma: the Egna-Neumarkt Study. Ophthal-

mology. 2000;107:1287-93.

Ekstrom C. Risk factors for incident open-angle glaucoma: a population-based 20-

year follow-up study. Acta Ophthalmol. 2012;90:316-21.

Leske MC, Wu SY, Hennis A, Honkanen R, Nemesure B, Group BES. Risk factors for

incident open-angle glaucoma: the Barbados Eye Studies. Ophthalmology.

2008;115:85-93.

Choi J, Jeong J, Cho HS, Kook MS. Effect of nocturnal blood pressure reduction on

circadian fluctuation of mean ocular perfusion pressure: a risk factor for normal

tension glaucoma. Invest Ophthalmol Vis Sci. 2006;47:831-6.

Choi J, Kim KH, Jeong J, Cho HS, Lee CH, Kook MS. Circadian fluctuation of mean

ocular perfusion pressure is a consistent risk factor for normal-tension glaucoma.

Invest Ophthalmol Vis Sci. 2007;48:104-11.

Na KS, Lee NY, Park SH, Park CK. Autonomic dysfunction in normal tension

glaucoma: the short-term heart rate variability analysis. J Glaucoma.

2010;19:377-81.

Park HY, Jung KI, Na KS, Park SH, Park CK. Visual field characteristics in normal-

tension glaucoma patients with autonomic dysfunction and abnormal peripheral

microcirculation. Am J Ophthalmol. 2012;154:466-75.e1.

SPRINGER NATURE

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Riccadonna M, Covi G, Pancera P, Presciuttini B, Babighian S, Perfetti S, et al.
Autonomic system activity and 24-hour blood pressure variations in subjects with
normal- and high-tension glaucoma. J Glaucoma. 2003;12:156-63.

Sung KR, Cho JW, Lee S, Yun SC, Choi J, Na JH, et al. Characteristics of visual field
progression in medically treated normal-tension glaucoma patients with unstable
ocular perfusion pressure. Invest Ophthalmol Vis Sci. 2011;52:737-43.

Perasalo R, Perasalo J, Raitta C. Electrocardiographic changes in institutionalized
geriatric glaucoma patients. Graefes Arch Clin Exp Ophthalmol. 1992;230:213-7.
Perasalo R, Raitta C, Perasalo J. Optic nerve fiber loss in relation to atrial fibril-
lation and blood pressure. Int Ophthalmol. 1992;16:259-63.

Lopes de Faria JM, Russ H, Costa VP. Retinal nerve fibre layer loss in patients with
type 1 diabetes mellitus without retinopathy. Br J Ophthalmol. 2002;86:725-8.
Amano S, Kaji Y, Oshika T, Oka T, Machinami R, Nagai R, et al. Advanced glycation
end products in human optic nerve head. Br J Ophthalmol. 2001;85:52-5.
Zhang L, Inoue M, Dong K, Yamamoto M. Alterations in retrograde axonal
transport in optic nerve of type | and type Il diabetic rats. Kobe J Med Sci.
1998;44:205-15.

Szaflik JP, Rusin P, Zaleska-Zmijewska A, Kowalski M, Majsterek |, Szaflik J.
Reactive oxygen species promote localized DNA damage in glaucoma-iris
tissues of elderly patients vulnerable to diabetic injury. Mutat Res. 2010;
697:19-23.

Zafar S, Staggers KA, Gao J, Liu Y, Patel PJ, Foster PJ, et al. Evaluation of retinal
nerve fibre layer thickness as a possible measure of diabetic retinal neurode-
generation in the EPIC-Norfolk Eye Study. Br J Ophthalmol. 2021;24:bjophthal-
mol-2021-319853.

Cho HK, Han JC, Choi JA, Chae JE, Kim RB. Association between chronic renal
disease and the risk of glaucoma development: a 12-year nationwide cohort
study. Invest Ophthalmol Vis Sci. 2021;62:27.

Shim SH, Sung KC, Kim JM, Lee MY, Won YS, Kim JH, et al. Association between
Renal Function and Open-Angle Glaucoma: The Korea National Health and
Nutrition Examination Survey 2010-2011. Ophthalmology. 2016;123:1981-8.
Cho HK, Kee C. Population-based glaucoma prevalence studies in Asians. Surv
Ophthalmol. 2014;59:434-47.

Choi S, Choi JA, Kwon JW, Park SM, Jee D. Patterns of care for glaucoma patients
in Korea from 2002 to 2013 using the national health insurance service claims
data. Med (Baltim). 2018;97:e12357.

Park HL, Jung Y, Han K, Lee MY, Park CK. Health care claims for primary open-
angle glaucoma and retinal vein occlusion from an 11-year nationwide dataset.
Sci Rep. 2017;7:8038.

Rim TH, Lee SY, Bae HW, Kim SS, Kim CY. Increased stroke risk among patients
with open-angle glaucoma: a 10-year follow-up cohort study. Br J Ophthalmol.
2018;102:338-43.

Sung H, Shin HH, Baek Y, Kim GA, Koh JS, Park EC, et al. The association between
socioeconomic status and visual impairments among primary glaucoma: the
results from Nationwide Korean National Health Insurance Cohort from 2004 to
2013. BMC Ophthalmol. 2017;17:153.

AUTHOR CONTRIBUTIONS

HC, JH, and JAC contributed to the design of this study; HC, JH, JAC, JC, and RK
conducted this study; HC, JH, JAC, JC, and RK contributed to data collection, analysis,
management, and interpretation; HC, JH, and JC, and JC prepared the manuscript.

FUNDING
This work was supported by a grant (No. 2019R1G1A1007020) of National Research
Foundation funded by the Ministry of Science and ICT (MSIT), Republic of Korea.

COMPETING INTERESTS

The authors declare no competing interests.

ETHICS APPROVAL

This study adhered to the tenets of the Declaration of Helsinki. NHIS-NCS 2002-2013
project was approved by the Institutional Review Board (IRB) of the Korean National
Health Insurance Service. This study was approved by the Institutional Review Board
of Gyeongsang National University Changwon Hospital and School of Medicine. The
requirement for informed consent was exempted by the IRB because this study was
retrospective in nature.

Eye (2023) 37:2033 - 2041



ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to Hyun-kyung
Cho.

Reprints and permission information is available at http://www.nature.com/
reprints

Eye (2023) 37:2033 - 2041

H.-k. Cho et al.

2041

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Springer Nature or its licensor e.g. a society or other partner) holds exclusive rights to
this article under a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article is solely
governed by the terms of such publishing agreement and applicable law.

SPRINGER NATURE


http://www.nature.com/reprints
http://www.nature.com/reprints

	Association between atrial fibrillation and the risk of glaucoma development: a 12-year Nationwide cohort study
	Introduction
	Materials and methods
	Data sources
	Study population
	Comorbidities
	Statistical analysis

	Results
	Baseline characteristics
	Factors associated with glaucoma incidence
	Cumulative incidence for glaucoma

	Discussion
	Summary
	References
	Author contributions
	Funding
	Competing interests
	Ethics approval
	ACKNOWLEDGMENTS
	ADDITIONAL INFORMATION




