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Retinal Vein Occlusion is Associated with Low
Blood High-Density Lipoprotein Cholesterol:

A Nationwide Cohort Study
JAERYUNG KIM, DONG HUI LIM, KYUNGDO HAN, SE WOONG KANG, DON-IL HAM, SANG JIN KIM, AND
TAE-YOUNG CHUNG
� PURPOSE: To investigate association between the
development of retinal vein occlusion (RVO) and blood
high-density lipoprotein cholesterol (HDL-C).
� DESIGN: A retrospective, nationwide, population-
based cohort study.
� METHODS: This study was set in the Republic of Korea
and included 23,149,403 people ‡20 years of age who
underwent the Korean National Health Screening Pro-
gram examination between January 2009 and December
2012. Among them, the RVO group was composed of
patients with an initial diagnosis of RVO made between
2009 and 2015 (n[ 117,639). The earliest claim with
an RVO diagnostic code was considered as the incident
time. The predictive value of HDL-C level for RVO
was analyzed using hazard ratios. The primary outcome
measure was the incident cases of RVO.
� RESULTS: Subjects with RVO were generally older;
had high body mass index, waist circumference, fasting
blood glucose, blood pressure, total and low-density lipo-
protein cholesterol, and triglyceride values, and low
glomerular filtration rate and HDL-C values; and were
more likely to experience diabetes mellitus and hyperten-
sion compared with the non-RVO group. The fully
adjusted hazard ratio of RVO was 1.12 (95% confidence
interval 1.10–1.14) in the lowest quartile of HDL-C
versus in the highest quartile. The association between
the development of RVO and HDL-C was higher those
with a younger age, male sex, current smoking habit, dia-
betes mellitus, and hypercholesterolemia. In addition, we
observed a significant synergistic effect of low HDL-C
level with obesity and hypertension.
� CONCLUSION: This is the first nationwide population-
based epidemiologic study evaluating the association
between HDL-C level and the risk of RVO development.
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A significant association between low HDL-C and RVO
development was found. (Am J Ophthalmol 2019;205:
35–42.� 2019 Elsevier Inc. All rights reserved.)

R
ETINAL VEIN OCCLUSION (RVO) IS THE SECOND

most common form of retinal vascular disease.1

There are 2 types of RVO: branch RVO (BRVO)
and central RVO (CRVO). Of the 2 main types of RVO,
BRVO is up to 5 times more prevalent than CRVO.2

Although the fundamental pathogenic mechanisms of
RVO are not yet fully understood, a combination of com-
plex elements is believed to contribute to the development
of RVO, including vein compression of the vein at the arte-
riovenous crossing,3 increased arterial rigidity and arterio-
sclerosis, formation of thrombus after degenerative
changes in vessel walls,4 dysregulated hematologic
factors,5,6 and elevated levels of proinflammatory
mediators and decreased levels of anti-inflammatory cyto-
kines in the vitreous fluid of patients with RVO.7,8

Previous studies have reported that risk factors for RVO
include old age, hypertension, diabetes mellitus (DM),
myocardial infarction, cerebral vascular accidents, and
chronic kidney disease (CKD).9–11 In addition, although
hyperlipidemia has also been considered to be a risk
factor for RVO,12 few studies to date have evaluated the
association between high-density lipoprotein cholesterol
(HDL-C) and RVO development, especially on the basis
of extensive nationwide data. The purpose of this study
was to evaluate the risk of RVO in Korean patients with
low blood HDL-C.
METHODS

� DATA SOURCE AND STUDY POPULATION: All Korean
nationals are obligated to enroll in the Korean National
Health Insurance Service (KNHIS). A total of 97% of
the Korean population is covered by the KNHIS, while
the remaining 3% of the population is covered by the
Medical Assistance Program and the Medical Care for
Patriots and Veterans Affairs Scheme. Thus, nearly all
data in the health system are centralized in large data-
bases. The KNHIS provides a biennial National Health
35LL RIGHTS RESERVED.
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Screening Program (NHSP) to all subjects >_20 years of
age. The KNHIS gathers all essential details for reim-
bursement of each medical claim, including diagnostic
codes, procedures, prescription drugs, personal informa-
tion about the patient, information about the hospital,
and the direct medical costs of both inpatient and
outpatient care. For diagnostic code registration, the
KNHIS uses the Korean Classification of Diseases, which
is similar to the International Classification of Diseases
(ICD). In this retrospective, nationwide population-
based cohort study, a total of 23,503,802 subjects who
participated in the NHSP at least once between 2009
and 2012 were initially enrolled. Among these subjects,
we excluded 50,940 individuals who were <20 years of
age, 107,228 subjects with missing data, and 196,231
subjects diagnosed with RVO during the washout period
(2002–2008). Thus, this study included 23,149,403 peo-
ple >_20 years of age who underwent the NHSP examina-
tion at least once between January 1, 2009 and
December 31, 2012, together with monitoring for devel-
opment of RVO (Korean Classification of Diseases code
H34.8 corresponding to the International Classification
of Diseases, 10th revision, Clinical Modification code
H34.81, CRVO, or H34.83, venous tributary [branch]
occlusion) until December 31, 2015. The earliest claim
with an RVO diagnostic code for an individual was
selected and considered as the incident time. This study
adhered to the tenets of the Declaration of Helsinki,
and the study protocol was reviewed and approved by
the Institutional Review Board of Samsung Medical
Center (2018-05-190). The need for written informed
consent was waived.

� MEASUREMENTS AND DEFINITIONS: According to the
Korean NHSP examination procedures, the personal infor-
mation of each patient was gathered, including age, sex,
average monthly insurance premium, and residential
area, categorized as city area, metropolitan area, or rural
area. In addition, the results of a questionnaire regarding
medical history and health behavior, anthropometric mea-
surement including body mass index (BMI), waist circum-
ference, and blood pressure (BP), and laboratory tests, such
as fasting blood glucose and cholesterol level, were also pro-
vided.13 BMI was calculated as the weight in kilograms
divided by the square of the height in meters (kg/m2).
According to the Clinical Practice Guidelines for Over-
weight and Obesity by Korean Society for the Study of
Obesity,14 the BMI cutoff of 25 kg/m2 was adopted to define
obesity for the Korean population enrolled in our study.
Hypertension was defined as a systolic BP >_ 140 mm Hg
or a diastolic BP of >_ 90 mm Hg or the use of oral antihy-
pertensive medications with diagnosis based on ICD-10
codes (10–13, I15). BP was measured while the subject
was in a seated position after 5 minutes of rest during the
daytime. DM was defined as a fasting blood glucose level
of >_126 mg/dL or the use of insulin or oral hypoglycemic
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agents with diagnosis (ICD-10 codes E11–E14). Hypercho-
lesterolemia was defined as a total cholesterol of
>_240 mg/dL or the use of cholesterol-lowering medications
with diagnosis (ICD-10 code E78). CKD was defined as a
glomerular filtration rate (GFR) of <60 mL/min/1.73 m2.
Blood samples were collected after overnight fasting and
measured for serum levels of HDL-C together with glucose,
total cholesterol (TC), triglycerides, low-density lipopro-
tein cholesterol, and creatinine. Stroke was defined accord-
ing to ICD-10 codes (I63 and I64) for diagnoses made
during hospitalization together with brain computed
tomography or magnetic resonance imaging. Heart disease
included myocardial infarction (ICD-10 codes I21 and I22)
and heart failure (ICD-10 code I50) diagnosed during hos-
pitalization. In addition, the definitions of lifestyle vari-
ables were as follows: smoking status was categorized into
the 3 groups of nonsmokers, current smokers who had
smoked >_100 cigarettes in their lifetime, and ex-smokers
who had smoked in the past but had since quit at least
1 month ago. Alcohol consumption status was categorized
into the 3 groups of nondrinkers, those who drank<30 g of
pure alcohol a day on average, and heavy drinkers who
drank>30 g per day. Regular exercise was defined as stren-
uous physical activity that was performed for >_30 minutes,
and subjects were asked if they performed such >_5 times per
week.

� STATISTICAL ANALYSIS: Baseline characteristics were
presented as numbers with percentages (%) for categorical
variables or mean values with standard deviations (SDs) for
continuous variables. Kaplan–Meier survival analysis was
used to draw the RVO-free survival curve. Participants
were classified into 4 groups according to HDL-C concen-
tration quartiles. Associations between HDL-C and the
risk of RVO were analyzed using multivariable-adjusted
Cox regression models, and the hazard ratio (HR) and
95% confidence interval (CI) for each HDL-C quartile,
relative to the reference group (the highest quartile, Q4),
were presented for each of the 3 models. Model 1 was
adjusted for age and sex; model 2 was further adjusted for
smoking, alcohol drinking, regular exercise, and income
status; and model 3 was further adjusted for BMI and sys-
tolic BP. We also presented the HR and 95% CI according
to HDL-C deciles after adjusting for the same confounders
as mentioned in model 3. Thereafter, we calculated the
HRs and 95% CI of Q4 group versus the lower 3 quartiles
(Q1�Q3), stratified by age (<65 or >_65 years), sex
(male or female), smoking (none or current), alcohol
drinking (none or heavy), regular exercise (no or yes),
income (Q2�Q4 or Q1), DM (no or yes), high TC
(no or yes), stroke (no or yes), heart disease (no or yes),
CKD (no or yes), obesity (no or yes), and hypertension
(no or yes). Statistical analysis was performed with SAS
software (version 9.4; SAS Institute Inc, Cary, North Car-
olina, USA), and P < .05 was considered statistically
significant.
SEPTEMBER 2019OPHTHALMOLOGY



TABLE 1. Characteristics of Subjects with and Without RVO

Variable RVO (n ¼ 117,639) Non-RVO (n ¼ 23,031,764) P Valuea

Age (y) 60.4 6 11.4 47.6 6 14.4 <.0001

BMI (kg/m2) 24.4 6 3.1 23.7 6 3.3 <.0001

WC (cm) 82.8 6 8.6 80.0 6 9.3 <.0001

GFR (mL/min/1.73m2) 83.2 6 33.8 89.6 6 39.5 <.0001

Fasting glucose (mg/dL) 106.6 6 35.0 97.5 6 23.3 <.0001

Systolic BP (mm Hg) 128.7 6 16.0 122.2 6 15.2 <.0001

Diastolic BP (mm Hg) 79.1 6 10.3 76.0 6 10.1 <.0001

Total cholesterol (mg/dL) 198.6 6 38.8 194.7 6 36.9 <.0001

HDL cholesterol (mg/dL) 53.2 6 13.6 55.2 6 13.9 <.0001

LDL cholesterol (mg/dL) 117.4 6 35.2 113.8 6 33.3 <.0001

Log [triglyceride] (mg/dL) 4.8 6 0.5 4.7 6 0.6 <.0001

Age (>_65 y) 45,826 (38.95%) 3,157,415 (13.71%) <.0001

Sex (male) 52,925 (44.99%) 11,690,000 (50.77%) <.0001

Current smoker 18,100 (15.39%) 5,676,364 (24.65%) <.0001

Heavy drinker 6102 (5.19%) 1,526,184 (6.63%) <.0001

Exercise 52,401 (44.54%) 11,430,000 (49.64%) <.0001

Diabetes 25,422 (21.61%) 2,112,579 (9.17%) <.0001

Hypertension 61,692 (52.44%) 6,003,374 (26.07%) <.0001

Hypercholesterolemia 37,667 (32.02%) 4,409,068 (19.14%) <.0001

Stroke 2530 (2.9%) 226,843 (1.53%) <.0001

Heart disease 5710 (6.53%) 470,752 (3.18%) <.0001

CKD 13,865 (11.79%) 1,259,361 (5.47%) <.0001

Continuous data are presented as mean 6 standard deviation.

BMI¼ body mass index; BP¼ blood pressure; CKD¼ chronic kidney disease; GFR¼ glomerular filtration rate; HDL¼ high-density lipopro-

tein; LDL ¼ low-density lipoprotein; RVO ¼ retinal vein occlusion; WC ¼ waist circumference.
aCalculated using the Student t test for continuous variables and the x2 test for categorical variables.
RESULTS

AMONG THE 23,149,403 SUBJECTS, 117,639 (0.51%) CLINICAL

RVO cases were newly diagnosed during the study period.
The main characteristics of the study population are shown
in Table 1. The subjects with RVO were older, had higher
BMI, waist circumference (WC), fasting blood glucose, sys-
tolic and diastolic BP, total and low-density lipoprotein
cholesterol, and triglyceride values compared with the
non-RVO group (all P< .0001). In addition, RVO patients
had low GFR and HDL-C values and were more likely to
experience DM, hypertension, hypercholesterolemia,
stroke, heart disease, and CKD versus the non-RVO con-
trol group (all P < .0001). When Kaplan–Meier survival
analyses were performed with RVO development as the
dependent variable, the group with the lowest quartile of
HDL-C concentration showed the lowest disease-free sur-
vival rate for RVO among the 4 quartile groups of
HDL-C concentration (Figure 1).

In Table 2,multivariable-adjustedCox regressionmodels
(models 1–3) demonstrate the influence of HDL-C on the
development of RVO in Korean population. The adjusted
HRs of RVO were 1.17 (95% CI 1.15–1.19; P for trend
< .0001 for model 1), 1.18 (95% CI 1.16–1.20; P for trend
VOL. 205 RVO IS ASSOCIATED WITH LOW
< .0001 for model 2), and 1.12 (95% CI 1.10–1.14; P for
trend < .0001 for model 3) in the lowest quartile of
HDL-C compared with their highest quartile counterparts.
When the HRs for RVO development in the total study

population were expressed as the risk in deciles versus the
highest decile of HDL-C, the HR for the first decile of
HDL-C was the highest and the HRs decreased in a
concentration-dependent manner (Figure 2). Intriguingly,
the association between the development of RVO and
HDL-C was higher in younger patients (20–39 years of
age and 40–64 years of age, respectively) compared with
patients >65 years of age.
When we evaluated the effects of several confounding

factors on RVO development according to HDL-C con-
centration (Q1–Q3 vs. Q4), age, sex, smoking, regular
exercise, income, DM, hypercholesterolemia, heart dis-
ease, and CKD significantly affected the relationship of
HDL-C concentration with RVO development
(Table 3). When we evaluated the effects of obesity and
hypertension on the development of RVO according to
HDL-C level, there was an inverse relationship between
the level of HDL-C and the development of RVO regard-
less of obesity and hypertension.We observed a significant
synergistic effect of low HDL-C level with obesity
37BLOOD HDL CHOLESTEROL



FIGURE 1. Kaplan–Meier curves showing the incidence of
retinal vein occlusion (RVO) according to quartiles (Q1–Q4)
of high-density lipoprotein cholesterol (HDL-C) concentration.
The group with the lowest quartile of HDL-C concentration
showed the lowest disease-free survival rate for RVO among
the 4 quartile groups.
(HR 1.40 [95% CI 1.38–1.43], P value for interaction
< .001) and hypertension (HR 1.70 [95% CI 1.67–1.72],
P value for interaction < .001; Figure 3). In addition,
although the risk of RVO in nonobese patients with low
HDL-C levels (HR 1.29 [95% CI 1.27–1.31]) was signifi-
cantly higher than that in obese patients with high
HDL-C levels (HR 1.22 [95% CI 1.20–1.24]), the risk of
TABLE 2. Multivariable-Adjusted Cox Regression An

HDL-C

Quartile Sex Mean (mg/dL) Median (mg/dL)

Q1 Male 37.93 39

Female 41.97 43

Q2 Male 47.02 47

Female 53.03 53

Q3 Male 54.68 55

Female 61.76 62

Q4 Male 69.45 67

Female 76.85 74

P value

for trend

CI ¼ confidence interval; HDL-C ¼ high-density lipoprotein cholestero
aAdjusted for age and sex.
bAdjusted for age, sex, current smoking habit, heavy drinking habit, ex
cAdjusted for age, sex, current smoking habit, heavy drinking habit, ex
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RVO in nonhypertensive patients with low HDL-C levels
(HR 1.25 [95% CI 1.23–1.27]) was significantly lower
than that in hypertensive patients with high HDL-C
levels (HR 1.55 [95% CI 1.52–1.57]; Figure 3).
DISCUSSION

IN THE PRESENT STUDY, WE DEMONSTRATED THAT A LOW

blood level of HDL-C was associated with a significantly
higher risk of RVO after adjusting for potential con-
founders, including age, sex, current smoking habit, heavy
drinking habit, exercise, income, BMI, and systolic BP in a
nationwide population-based cohort of Koreans. The risk
of RVO continuously decreased in a concentration-
dependent manner as the blood level of HDL-C increased.
We observed a synergistically increased RVO risk between
low HDL-C level and hypertension, obesity, young age
(<65 years of age), male sex, current smoking, DM, or hy-
percholesterolemia. To the best of our knowledge, this
study is the first to examine the association between
HDL-C level and RVO risk thoroughly using a nationwide,
population-based cohort study.
RVO is the second most common vision-threatening

retinal vascular disease.2 CRVO is an extremely frustrating
problem that results in a permanently poor visual outcome.
In spite of treatment with antivascular endothelial growth
factor agents for visual impairment caused by macular
edema secondary to RVO, approximately 50% of patients
with CRVO and approximately 30% of patients with
BRVO do not present resolution of macular edema and
their visual improvement after the treatment was insuffi-
cient, especially in the case of CRVO patients gaining
only approximately 1 Snellen line.15 Therefore, the
alysis of RVO Incidence by HDL-C Concentration

HR (95% CI)

Model 1a Model 2b Model 3c

1.17 (1.15–1.19) 1.18 (1.16–1.20) 1.12 (1.10–1.14)

1.12 (1.10–1.14) 1.13 (1.11–1.15) 1.09 (1.07–1.10)

1.07 (1.05–1.09) 1.07 (1.05–1.09) 1.05 (1.03–1.07)

1 (reference) 1 (reference) 1 (reference)

< 0.0001 < 0.0001 < 0.0001

l; HR ¼ hazard ratio; RVO ¼ retinal vein occlusion.

ercise, and income.

ercise, income, body mass index, and systolic blood pressure.
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FIGURE 2. Hazard ratios (HRs) for retinal vein occlusion
development according to deciles (D) of high-density lipoprotein
cholesterol (HDL-C) concentration. The HR in this graph
expresses the risk in deciles compared with the risk in the high-
est decile of HDL-C, adjusted for age, sex, smoking, drinking,
exercise, income, body mass index, and systolic blood pressure.
Compared with the highest decile of HDL-C, the HR for the
first decile of HDL-C was the highest and the HRs continuously
decreased in a concentration-dependent manner. The associa-
tion between the development of RVO and HDL-C was higher
in younger patients (20–39 years of age and 40–64 years of age,
respectively) compared with patients ‡65 years of age.

TABLE 3. Multivariable-Adjusted Cox Regression Analysis
Showing Association Between HDL Concentration and RVO

Development According to Other Characteristics of Subjects

Variable HR (95% CI) P Valuea

Age (y)

< 65 1.23 (1.21–1.25) <.0001

>_ 65 1.10 (1.08–1.13)

Sex

Male 1.26 (1.23–1.28) <.0001

Female 1.18 (1.16–1.20)

Smoker

None 1.20 (1.19–1.22) <.0001

Current 1.29 (1.25–1.33)

Drinker

None 1.21 (1.20–1.23) .0558

Heavy 1.26 (1.19–1.33)

Regular exercise

No 1.21 (1.19–1.23) .0079

Yes 1.21 (1.19–1.24)

Income

Q2–Q4 1.20 (1.18–1.22) .0128

Q1 1.24 (1.21–1.27)

Diabetes

No 1.13 (1.11–1.15) <.0001

Yes 1.18 (1.15–1.21)

Hypercholesterolemia

No 1.07 (1.05–1.08) <.0001

Yes 1.43 (1.40–1.47)

Stroke

No 1.21 (1.20–1.23) .9094

Yes 1.32 (1.22–1.44)

Heart disease

No 1.21 (1.19–1.23) .0059

Yes 1.19 (1.12–1.26)

CKD

No 1.20 (1.18–1.21) .0065

Yes 1.29 (1.25–1.34)

CI ¼ confidence interval; CKD ¼ chronic kidney disease;

HDL ¼ high-density lipoprotein; HR ¼ hazard ratio; Q ¼ quartile;

RVO ¼ retinal vein occlusion.
aP value for trend.
prevention as well as the early treatment of RVO is of the
utmost importance.

Decreased HDL-C concentration is traditionally asso-
ciated with an increased risk of cardiovascular disease.16

The 2018 guidelines on the management of blood
cholesterol reported by the American College of Cardi-
ology and American Heart Association indicate that
HDL-C concentration <40 mg/dL in men and
<50 mg/dL in women is a risk-enhancing factor for
atherosclerotic cardiovascular disease.17 There have
been controversies on the effects of extremely elevated
HDL-C levels (by cutoff values ranging from 75–
100 mg/dL).18,19 Although some studies have reported
that extremely high HDL-C may indicate dysfunctional
HDL particles and paradoxically confer an increased
risk of cardiovascular disease,20,21 others have reported
that the highest quintile of HDL-C was independently
associated with lower levels of markers of subclinical car-
diovascular disease.22 Further research to demonstrate
the effect of extremely high HDL-C on the risk of car-
diovascular disease is needed.

Despite the evidence from various previous reports
including 4 case-control studies23–26 and 3 prospective
cohort studies,10,27,28 the association betweenHDL-C level
and the risk of RVO development has remained controver-
sial. While some studies have shown a protective effect of
high HDL-C level against RVO,26,28 other studies have
indicated no significant effect10,25,27 or even an opposite
effect.23,24 Unfortunately, even in the prospective cohort
studies, the total patient sample size was <5000.
Therefore, our study, based on a large nationwide
population cohort covering almost the entire population
VOL. 205 RVO IS ASSOCIATED WITH LOW
of South Korean adults, reveals novel insights into the
association between HDL-C and RVO. Meanwhile,
intriguingly, the association between HDL-C level and
the risk of RVO development was higher in younger
patients compared with patients who were >_65 years of
age. Along with a previous report demonstrating that
compositional changes in HDL-C in elderly subjects,
without a significant decrease in HDL-C level, are linked
to a loss of antiatherogenic properties,29 we can postulate
that higher association between the development of
RVO and HDL-C in younger patients is attributed to alter-
ations in HDL composition and subsequent functional
impairment.
39BLOOD HDL CHOLESTEROL



FIGURE 3. Retinal vein occlusion risk based on the combined
effect of the concentration of high-density lipoprotein (HDL)
with obesity (A) or hypertension (B). High HDL represents
the highest quartile of HDL and low HDL represents the lower
3 quartiles of HDL. (A) Obesity (adjusted by age, sex, smoking,
drinking, exercise, income, and systolic blood pressure). (B)
Hypertension (adjusted by age, sex, smoking, drinking, exercise,
income, and body mass index). There was an inverse relation-
ship between the level of HDL and the development of retinal
vein occlusion regardless of obesity and hypertension, and a sig-
nificant synergistic effect of low HDL level with obesity and hy-
pertension was identified.
Although the exact pathogenic mechanisms of RVO
remain unclear, it has been postulated that the patho-
physiology of RVO consists of 3 causative factors known
as Virchow’s triad—abnormalities of the vessel wall, ab-
normalities in blood viscosity and coagulation, and abnor-
malities in blood flow, respectively.30,31 Dyslipidemia is
one of the key contributing factors to the development
of arteriolar sclerosis.32 In this regard, retinal arteries
with sclerotic changes can compress further over the veins
at the arteriovenous crossing site in RVO, ultimately
leading to the occlusion of downstream retinal veins.
Although the mechanisms underlying the direct relation-
ship between HDL-C and the development of RVO still
remain elusive, previous studies have suggested that
HDL-C prevents atherosclerosis through several mecha-
nisms, including the removal of excessive cholesterol
from macrophages,33 the alleviation of vascular endothe-
lial dysfunction,34 and antiapoptotic, antioxidative, and
40 AMERICAN JOURNAL OF
anti-inflammatory effects.35 In this regard, we can specu-
late that low blood levels of HDL-C aggravate atheroscle-
rotic changes in the vessel wall, facilitating RVO
development. Meanwhile, in this study, when we evalu-
ated the relationship between HDL-C concentration
and RVO, we did not analyze CRVO and BRVO sepa-
rately because the Korean Classification of Diseases code
for RVO does not discriminate between CRVO and
BRVO. However, considering that CRVO and BRVO
share a common etiology as part of a systemic cardiovas-
cular risk profile,36 our results could confirm that a low
blood level of HDL-C is an important risk factor for
RVO development.
Several limitations should be mentioned regarding

the interpretation of our results. First, because the
KNHIS database relies on physicians’ assignment of a
diagnostic code for RVO and other comorbidities, there
may be a possibility either of an underestimation of
asymptomatic RVO or of a delayed diagnosis of RVO
because of a delay in visiting the ophthalmologist. Sec-
ond, the duration of low HDL-C level, which possibly
influences RVO risk, could not be considered. Third,
because of a lack of data, we did not consider dietary
factors that may be potentially related to HDL-C level.
Finally, our findings from the Korean population
cannot be extrapolated to other ethnicities that were
not considered in this study.
Despite these limitations, the present study has a

major strong point, because it is an extremely large-
scale cohort study that evaluated the influence of
HDL-C level on RVO. Our study provides the first
evidence that HDL-C is a risk factor for RVO in
almost the entire population, because the KNHIS
database including the NHSP examination covers
the whole population of South Korean adults. Further-
more, we comprehensively analyzed coexisting illnesses
and other factors, enabling adjustment for potential
confounders.
In conclusion, we found that low blood HDL-C is an in-

dependent risk factor for RVO development. Careful
monitoring of blood HDL-C level via regular health
screening programs seems to be helpful in the general pop-
ulation, especially in subjects with other risk factors, such
as hypertension, obesity, young age, male sex, current
smoking habit, DM, or dyslipidemia. In addition, the
assessment of lipid profiles including HDL-C level may
be considered when encountering a newly diagnosed
case of RVO. Future studies are warranted to examine
whether the control of HDL-C level can decrease the
risk of RVO development.
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