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Abstract: Sudden sensorineural hearing loss (SSNHL) is thought to be a vascular disease. Retinal
vein occlusion (RVO) is an also common ophthalmic vascular disease. Thus, we investigated the
potential relationship between these using a retrospective nationwide cohort dataset. We compared
49,584 subjects in the SSNHL and the comparison (non-SSNHL) groups using patients randomly
selected via propensity-score matching. We calculated the incidence, survival rate, and hazards ratio
(HR) using log-rank test, and Cox proportional hazards regression models. This study examined a
total of 375,490.4 person-years in the SSNHL group and 373,698.2 person-years in the comparison
group. We found that 673 patients in the SSNHL group (1.8 cases per 1000 person-years) and 592 in
the comparison group (1.6 cases per 1000 person-years) developed RVO during the 8-year follow-
up period. The adjusted HR of RVO was 1.13 (95% confidence interval [CI] 1.01-1.26). The adjusted
HR of developing RVO in SSNHL was the greatest in elderly patients (adjusted HR, 1.21; 95% CI,
1.01-1.46) and male patients (adjusted HR, 1.18; 95% ClI, 1.03-1.34). Our findings suggest that clini-
cians should remain vigilant of the possibility of RVO development in SSNHL patients, specifically
elderly male patients.
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1. Introduction

Sudden sensorineural hearing loss (SSNHL) is characterized by abrupt unilateral loss
of hearing, sometimes accompanied by tinnitus or vertigo [1]. It is characterized by acute
dysfunction of the inner ear and affects men and women almost equally, with peak age-
related incidence occurring between 50 and 60 years [2—4]. For most patients, their cases
are regarded as idiopathic SSNHL because the etiology cannot be determined. However,
some studies have suggested that idiopathic SSNHL has a vascular etiology [5-7]. The
labyrinthine artery supplies the inner ear; it is a secondary branch of the anterior inferior
cerebellar branch of the internal carotid artery. The relative lack of collateral blood supply
in the inner ear contributes to ischemic vulnerability. Thus, studies defining risk factors
for ischemic vascular disease, such as cigarette smoking and hypertension, also describe
risk factors for the development of SSNHL [8-11]. Additionally, some cohort studies have
shown that SSNHL is associated with a significant increase in risk of ischemic cardio-
cerebrovascular diseases [12-14]. However, there have been few reports to date on the
association between SSNHL and other vascular diseases.
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Retinal vein occlusion (RVO) is a common ophthalmic vascular disease. RVO com-
prises a heterogeneous group of disorders with impaired venous return from retinal cir-
culation [15]. It is usually classified into branch RVO and central RVO, depending on the
site of obstruction [16]. Prevalence of RVO ranges from approximately 0.1%-0.6% with
equal incidence between the sexes and increasing risk with older age [17-19]. The major
risk factor for RVO is the occurrence of thrombophilia-related diseases, including hyper-
tension, arteriosclerosis, and diabetes [15]. Several cohort studies have found that RVO is
associated with a significant increase in the risk of stroke, heart failure, and acute myocar-
dial infarction [20-22]. Despite this, the relationship between SSNHL and RVO has not
been thoroughly investigated. Therefore, in the present study, we aimed to investigate the
possible relationship between SSNHL and RVO and potential underlying factors, using a
nationwide representative cohort dataset based on the Korea National Health Insurance
Service (KNHIS-NSC).

2. Materials and Methods
2.1. Study Population and Independent Variables

This KNHIS database included all medical service utilization history for a representa-
tive sample of 1,025,340 South Koreans from 2002-2013. In this study, the SSNHL group
included patients who were diagnosed with SSNHL (H912, H9120, H9121, H9129, or
H810) between January 2002 and December 2005. In this study, to further improve the
accuracy of the SSNHL definition, we exclusively included patients who had been diag-
nosed with SSNHL between 2002 and 2004 and were diagnosed by otorhinolaryngolo-
gists. Then, we excluded patients diagnosed with RVO (H34.1, H34.8) or patients who
died of any cause between 2002 and 2005. Furthermore, we selected RVO events diag-
nosed by ophthalmologists. The comparison group was selected (one patient for each
SSNHL patient) using propensity-score matching, according to age, sex, residential area,
household income, disability, and comorbidities. We selected 49,584 eligible SSNHL pa-
tients and 49,584 non-SSNHL subjects. Each patient was followed up until December 31,
2013, or the occurrences of RVO. The study endpoints were defined as all-cause mortality
or the diagnosis of RVO and if patients had no events until December 31, 2013, we cen-
sored.

2.2. Statistical Analysis

Incidence rates (per 1000 person-years) of RVO were investigated regarding the com-
parison groups. To identify differences in overall disease-free survival, Kaplan—-Meier
analysis was performed. In the subgroup analysis, we divided participants for compari-
son and SSNHL groups by age category or sex, and then these participants in each com-
parison and SSNHL groups were matched within the same age category or sex, and we
compared the risk of RVO between comparison and SSNHL groups. Additionally, to de-
tect whether SSNHL increased the risk of RVO occurrence, we calculated the hazard ratio
(HR) and 95% confidence intervals (CI) using Cox proportional hazards regression anal-
yses with a 2-sided significance level of P < 0.05. We used R version 4.3.1 (R Foundation
for Statistical Computing, Vienna, Austria) on all statistical analyses.

3. Results

The present study included 49,584 patients with SSNHL and 49,584 without. We
identified 375,490.4 person-years in the SSNHL group and 373,698.2 person-years in the
comparison group, to evaluate RVO events. The characteristics of the study populations
for the two cohorts (the SSNHL group and the comparison group) are presented in Table
1. We found that there were similar distributions of sex, age, residential area, household
income, disability, and comorbidities between the two groups (P > 0.05). It means that all
variables were well-matched.
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Table 1. Characteristics of study subjects.

. Comparison SSNHL
Variables (n= Z 9.584) (n = 49,584) P value
Sex 0.984
Male 16,641 (33.6%) 16,645 (33.6%)
Female 32,943 (66.4%) 32,939 (66.4%)
Ages(years) 0.995
<45 19,375 (39.1%) 19,373 (39.1%)
45-64 18,787 (37.9%) 18,777 (37.9%)
>64 11,422 (23.0%) 11,434 (23.1%)
Residence 0.999
Seoul (metropolitan) 9,402 (19.0%) 9,399 (19.0%)
Second area o o
(Other metropolitan) 12,598 (25.4%) 12,595 (25.4%)
Third area 27,584 (55.6%) 27,590 (55.6%)
Household income 0.999
Low (0-30%) 10,211 (20.6%) 10,214 (20.6%)
Middle (30-70%) 18,011 (36.3%) 18,003 (36.3%)
High (70-100%) 21,362 (43.1%) 21,367 (43.1%)
Disability 1.000
No 47,612 (96.0%) 47,613 (96.0%)
Yes 1,972 (4.0%) 1,971 (4.0%)
Comorbidities 0.970
No 25,276 (51.0%) 25,269 (51.0%)
Yes 24,308 (49.0%) 24,315 (49.0%)
SSNHL —sudden sensorineural hearing loss; Seoul —the largest metropolitan area; second area—
other metropolitan cities; third area—other areas.

To analyze the HRs for the incidence of RVO events during the 8-year follow-up pe-
riod, we performed simple and multiple Cox regression models (Table 2). The SSNHL
group showed significantly higher RVO incidence than the comparison group (1.8 per
1000 person-years in the SSNHL group and 1.6 per 1000 person-years in the comparison
group) and the adjusted HR of RVO events in the SSNHL group was 1.13 (95% CI, 1.01-
1.26). Figure 1 presents the overall disease-free events during the follow-up period using
Kaplan-Meier survival curves with log-rank tests. The results of the log-rank test indi-
cated that patients with SSNHL showed more frequent development of RVO events than
controls.

Table 2. Incidence per 1000 person-years and hazard ratios for retinal vein occlusion.
Variables N Case Incidence Unadjusted HR (95% CI) Adjusted HR (95% CI)
Group
Comparison group 49584 592 1.6 1 (ref) 1 (ref)
SSNHL group 49584 673 1.8 1.13 (1.01-1.26) * 1.13 (1.01-1.26) *
Sex
Male 33286 390 1.6 1 (ref) 1 (ref)
Female 65882 875 1.7 1.1 (0.98-1.24) 1.05 (0.93-1.18)
Ages(years)
<45 38748 112 0.4 1 (ref) 1 (ref)
45-64 37564 693 2.4 6.61 (5.42-8.08) *** 4.88 (3.96-6.03) ***
>64 22856 460 3 8.52 (6.93-10.48) *** 5.73 (4.59-7.16) ***
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Residence
Seoul
2nd area
3rd area
Household income
Low (0-30%)
Middle (30-70%)
High (70-100%)
Disability
No
Yes
Comorbidities
No
Yes

18801 212 1.5 1 (ref) 1 (ref)
25193 297 1.6 1.06 (0.89-1.26) 1.07 (0.9-1.28)
55174 756 1.8 1.24 (1.06-1.44) ** 1.16 (0.99-1.35)
20425 274 1.8 1 (ref) 1 (ref)
36014 458 1.7 0.93 (0.8-1.08) 1.04 (0.9-1.21)
42729 533 1.7 0.92 (0.79-1.06) 0.94 (0.82-1.09)
95225 1196 1.7 1 (ref) 1 (ref)

3943 69 2.5 1.52 (1.19-1.93) ** 1.14 (0.89-1.46)
50545 306 0.8 1 (ref) 1 (ref)
48623 959 2.7 3.53 (3.11-4.02) *** 1.91 (1.66-2.19) ***

Retinal vein occlusion

SSNHL, sudden sensorineural hearing loss; HR, hazard ratio; CI, confidence interval. * p <0.05, ** p
<0.010, and *** p <0.001.
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Figure 1. Kaplan-Meier survival curves and log-rank tests for RVO development in patients with
SSNHL. (SSNHL —sudden sensorineural hearing loss; RVO—retinal vein occlusion).

When we performed the subgroup analysis according to age, a higher incidence of
RVO was observed in the elderly group (3.3 per 1,000 person-year in SSNHL and 2.7 per
1,000 person-years in comparison). Additionally, the adjusted HR for developing RVO
among the elderly with SSNHL during the 8-year follow-up period was 1.21 (95% CI: 1.01-
1.46) (Table 3). In the other two age groups, there was no significant difference in the over-
all incidence of RVO between the SSNHL and non-SSNHL patients. Moreover, when we
calculated the HRs for the development of RVO during the 8-year follow-up period by
sex, we also observed that, after adjusting for other factors, male patients with SSNHL
were more likely to develop RVO (adjusted HR 1.18 [95% CI 1.03-1.34]) compared to male
subjects in the non-SSNHL group (Table 4). Conversely, there was no significant differ-
ence in RVO incidence between the SSNHL and non-SSNHL groups in female subjects.
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Table 3. Hazard ratios of RVO by age between patients with SSNHL and comparison (subjects with-
out SSNHL).

Age <45 45-64 >64
(Years) Comparison SSNHL Comparison SSNHL Comparison SSNHL
uHR 0.87 1.12
1. f 1. f 1. f 1.21 (1.01-1.46) *
(95% CI) 00 (ref) (0.6-1.25) 00 (ref) (0.97-1.3) 00 (ref) (1.01-1.46)
aHR 0.86 1.12
1. f 1. { 1. { 1.21 (1.01-1.46) *
(95% CI) 00 (ref) (0.6-1.25) 00 (ref) (0.97-1.3) 00 (ref) (10 )
SSNHL —sudden sensorineural hearing loss; RVO—retinal vein occlusion; uHR —unadjusted haz-
ard ratio; aHR —adjusted hazard ratio; CI—confidence interval (* p < 0.05).
Table 4. Hazard ratios of RVO by sex between patients with SSNHL and comparison (subjects with-
out SSNHL).
S Male Female
ex
Comparison SSNHL Comparison SSNHL
uHR (95% CI) 1.00 (ref) 1.18 (1.03-1.35) * 1.00 (ref) 1.03 (0.84-1.25)
aHR (95% CI) 1.00 (ref) 1.18 (1.03-1.34) * 1.00 (ref) 1.03 (0.84-1.25)

SSNHL —sudden sensorineural hearing loss; RVO—retinal vein occlusion; uHR —unadjusted haz-
ard ratio; aHR —adjusted hazard ratio; CI—confidence interval (* p < 0.05).

4. Discussion

The present study used a nationwide retrospective cohort sample that many other
studies have already used and published with [22-25]. Thus, the usage of this could elim-
inate selection bias and provide the chance to investigate the possible link between
SSNHL and risk of RVO. To our knowledge, this is the first study to investigate a possible
link between SSNHL and RVO. This study revealed an increased incidence of RVO in
SSNHL patients compared to matched subjects. Interestingly, we also found that elderly
or male patients with SSNHL showed an increased risk of RVO development than those
with non-SSNHL. These findings suggest that physicians may conduct specific precau-
tions to reduce the risk of RVO development among patients with SSNHL.

To date, various studies have proposed a relationship between SSNHL and vascular
or hematologic pathologies [26-28]. These pathologies include emboli, transient ischemic
attacks, sickle cell anemia, macroglobulinemia, and decreased blood supply to the coch-
lea, which reduces intracochlear oxygen levels, resulting in either transient or permanent
hearing loss. One meta-analysis reported that cardiovascular risk factors appear to be as-
sociated with an increased risk of developing SSNHL [5]. Specifically, thrombophilic fac-
tor mutations also appear to increase the risk of SSNHL, especially in patients with a
strong family history of thromboembolic events [26-28]. Several studies have also demon-
strated that stroke risk is significantly associated with SSNHL [12-14]. Meanwhile, RVO
pathogenesis is also associated with vascular problems. It generally develops because of
compression of the venous lumen by arterial hemodynamic alterations, such as throm-
bosis [16]. Thus, RVO is more likely to occur in people with hypertension, high cholesterol
levels, or other health problems that affect blood flow. Several studies described that cor-
onary heart disease, such as myocardial infarction, because of its association with cardio-
vascular risk factors may be an independent risk factor of RVO [29-31]. Moreover, previ-
ous studies showed increased fibrinogen-albumin ratio defined as a marker of inflamma-
tion and disease severity in each patient with RVO or SSNHL [32,33]. One case study also
reported the patients who suffered from central retinal vein occlusion and sudden deaf-
ness [34]. Collectively, these studies implied the possible link between SSNHL and RVO.

Generally, the peak incidence of SSNHL occurs between the fifth and sixth decades
of life, although individuals of all ages can be affected [5,35]. Additionally, advanced age
has been consistently identified as a major risk factor for RVO [17,29]. Old age can also be
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a source of traditional cardiovascular risk factors, such as hypertension or diabetes melli-
tus. Thus, to investigate the effect of age on SSNHL, and the subsequent development of
RVO, we performed subgroup analysis according to age groups. We detected the risk of
subsequent development of RVO during the 8-year follow-up period was greater in el-
derly patients with SSNHL (adjusted HR 1.21, 95% CI (1.01-1.46)) than in other age
groups. Meanwhile, most studies have shown equal incidence in men and women [2—-4],
although one study described a slight female predominance in SSNHL, with a male-to-
female ratio of 1:1.35 [36]. Additionally, several studies on RVO have described no pre-
disposition for sex or ethnicity [15,37]. Interestingly, in this study, we found a significant
likelihood of prospective development of RVO in male patients with SSNHL. Thus, we
need further study on whether sex differences could influence the potential for microvas-
cular damage.

Our study had several strengths. First, we used large national population-based data
that were previously confirmed to provide for an effective analysis of specific disease in-
cidence in South Korea [38]. Thus, the derived data are considered reliable. Secondly, to
reduce the possibility of misdiagnosis, patients with SSNHL diagnosed by otorhinolaryn-
gologists and patients with RVO diagnosed by ophthalmologists were included in this
study. Despite its strengths, the study has some limitations. First, although we adjusted
comorbidities as confounding variables, including hypertension, diabetes mellitus, and
chronic renal failure, we could not obtain the specific health-related data regarding throm-
bophilic factors (e.g., body mass index, lipid profiles, smoking history, and alcohol con-
sumption). Thus, we did not adjust these potential confounding factors in the present
study. Additionally, systemic hypoxic damage conditions such as sleep apnea could up-
regulate the local inflammation [38]. However, these variables could not be controlled in
this study. Second, the diagnosis of disease based on the diagnostic code might be less
accurate than the diagnosis obtained from a medical record that, for example, includes
medical history, audiometry results, or fundoscopic images. Third, the KNHIS-NSC data-
base provides categorized age data (<45, 45-64, and >64 years old). That's why we could
not match the two groups according to the actual age distribution and our findings may
have some residual bias within the categories. Finally, due to the retrospective cohort de-
sign of the present study, we were unable to determine whether the relationship between
SSNHL and RVO had the underlying mechanisms or was just a temporal incident. Also,
to confirm the relationship between SSNHL and RVO, we need to investigate whether
patients with RVO could increase the risk of developing SSNHL. Thus, further studies are
warranted to confirm our findings. conditions.

5. Conclusions

The present study investigated a possible relationship between SSNHL and the de-
velopment of RVO during an 8-year follow-up period. We found that patients with
SSNHL had a higher risk of developing RVO, with the risk being greater for elderly or
male patients with SSNHL. However, further studies are needed to elucidate the under-
lying pathophysiological mechanisms. Therefore, this study provided new insight into the
association between SSNHL and an ophthalmologic condition.
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