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Abstract \
To assess the relationship between retinal vein occlusion (RVO) and the incidence of cardiovascular (CV) events. |
This was a single-institution, retrospective cohort study. We enrolled 57 patients diagnosed with RVO between January 2012 and
December 2019, and 125 non-RVO patients who had undergone cataract surgery by a single surgeon between January and April
2012. We compared the relative risk and incidence rate ratio of CV events between the 2 groups. In addition, survival analysis was
performed to calculate the hazard ratio (HR) using the Cox proportional hazards model. RVO, age, sex, blood pressure, body mass

index, presence of diabetes, blood sample data, and smoking were considered confounders.

The mean observation period (+ standard deviation) for the RVO and non-RVO groups was 2.68+2.04 and 2.81+2.70years,
respectively. Seven CV events were observed in the RVO group and 2 in the non-RVO group. Relative risk and incidence rate ratio
were 7.68 (95% confidence interval [Cl]: 1.65-35.8) and 8.07 (95% Cl: 1.54-79.6), respectively. Multivariate analysis revealed that the
RVO group had a high HR for CV events (HR: 16.13 [95% Cl: 2.29-113.74]) and older age (HR: 1.26 [95% CI: 1.06-1.49]).

RVO can predict future CV events, especially in the elderly population. Fundus observations should be shared between
ophthalmologists and internists to prevent future CV events.

Abbreviations: Cl = confidence interval, CV = cardiovascular, CVD = cardiovascular disease, DBP = diastolic blood pressure,
eGFR = estimated glomerular filtration rate, HDL-C = high-density lipoprotein-cholesterol, HR = hazard ratio, IHD = ischemic heart
disease, IRR = incidence rate ratio, PYs = person-years, RR = relative risk, RVO = retinal vein occlusion, SBP = systolic blood
pressure, SD = standard deviation, VEGF = vascular endothelial growth factor.
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1. Introduction

Cardiovascular disease (CVD) is one of the most important
causes of morbidity and a leading cause of mortality in highly
developed countries.?! Atherosclerosis is a significant risk
factor for CVD. Progression of atherosclerosis is associated with
lifestyle, including an unbalanced diet, lack of exercise, smoking,

and alcohol consumption. Such behaviors lead to hypertension,
diabetes mellitus, dyslipidemia, and chronic kidney disease.

In ophthalmology, diabetic retinopathy™! and retinal vein
occlusion (RVO)™*3! are closely correlated with lifestyle and
lifestyle-related diseases. We previously reported a high incidence
of cardiovascular (CV) events in neovascular glaucoma: 7.5
events per 100 person—years.[6] Neovascular glaucoma is an
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ischemic eye disease caused by diabetic retinopathy, RVO, and
other inflammatory eye diseases. It is refractory to treatment but
preventable; therefore, early intervention is recommended. In
other words, early treatment with RVO could reduce the
incidence of CVD and prevent severe visual impairment or
blindness. However, few studies to date have examined the
association between RVO and CVD incidence.

In East Asia, epidemiological studies have been conducted in
Taiwan!*”#! and the Republic of Korea,”™"! but to the best of
our knowledge, there have been no reports from Japan on the
relationship between symptomatic CV events and RVO.
Therefore, we aimed to explore the incidence of CV events
and their risk factors in Japanese patients with RVO.

2. Methods
2.1. Study design and participants

This was a single-center, retrospective cohort study based on
medical charts. The primary outcome was defined as primary
diagnosis, including ischemic heart disease (IHD) requiring
hospitalization, such as myocardial infarction, angina, heart
failure, and cerebrovascular diseases such as stroke, transient
ischemic attack, and death from the CV event itself. Patients in
the RVO group were diagnosed between January 2012 and
December 2019 and met the following inclusion criteria: RVO
diagnosis; existence of fundus photographs; records of height and
weight; record of systolic and diastolic blood pressure(s);
description of medication and lifestyle (smoking and alcohol
consumption); blood sampling data; and description of comor-
bidities, hypertension, diabetes mellitus, and dyslipidemia.
Exclusion criteria for patients with RVO included uncertain or
incorrect diagnoses, ocular states for which fundus examination
was not possible (e.g., vitreous hemorrhage, retinal detachment,
uveitis), a history of vitrectomy, and dialysis. Non-RVO patients
were consecutively selected from patients who had undergone
cataract surgery at our institution by a single surgeon between
January and April 2012.

2.2. Data collection

The following study variables were collected based on the
literature™7”121; age, sex, blood pressure, total cholesterol (mg/
dL), low-density lipoprotein cholesterol (mg/dL), high-density
lipoprotein cholesterol (HDL-C) (mg/dL), non-HDL-C (mg/dL),
body mass index (kg/m?), estimated glomerular filtration rate
(eGFR; mL/min/1.73m?), diabetes mellitus (yes/no), alcohol
intake (yes/no), history of smoking (yes/no), medication use
(anticoagulants, antiplatelets, and prostaglandin analogs), and
number of vitreous injections of anti-vascular endothelial growth
factor (VEGF). Diabetes was defined as hypoglycemic drug use
and diagnosis, as described in the medical charts. Systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were divided
into 4 categories, in accordance with a previous report!!3!: SBP <
120 and DBP < 80; 120 <SBP <140 or 80 <DBP<90; 140 <
SBP <160 or 90 <DBP < 100; SBP>160; or DBP>100.

2.3. Statistical analyses

All data are expressed as the mean and standard deviation (SD)
for continuous variables, and categorical variables were
expressed as percentages. Continuous data were compared using
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the ¢ test, and categorical data were compared using the chi-
square test or Fisher exact test. Individuals contributed person-
years (PYs) from study entry until the first CV event, loss to
follow-up, or end of study, whichever occurred first. The
cumulative incidence of CV events in each group was then
calculated. We also computed relative risk (RR) and incidence
rate ratio (IRR) with 95% confidence intervals (CIs).

In addition, we performed survival analysis by drawing a
Kaplan—Meier curve, as follows: we defined any CV event as
“death”; the date of entry for patients in the RVO group was
when the diagnosis was made, and for the non-RVO group it was
when cataract surgery was performed; the date of exit was when a
CV event occurred or recurred, or when the last observation was
made for those without a CV event. The observation period was
the difference between the date of entry and the date of exit. A
Cox proportional hazards model was used to calculate crude and
adjusted hazard ratios (HRs) and 95% confidence intervals (ClIs).
We excluded alcohol consumption from the statistical model
because there were few previous reports that included it as a
confounder. Statistical significance was set at P <.035.

All statistical analyses were performed using STATA/SE 15.0,
for Mac (Stata Corp., College Station, TX).

2.4. Ethical considerations

This retrospective chart review study involving human partic-
ipants was conducted in accordance with the ethical standards of
the institutional and national research committee and with the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The study was approved by the
Institutional Review Board of the Juntendo Tokyo Koto Geriatric
Medical Center. (Receipt numbers: 86-2 and 107-6. Approval
dates February 24, 2016 and July 29, 2020, respectively.)

3. Results

The patient selection flowchart for this study is presented in
Fig. 1. Fifty-seven patients were included in the RVO group, and
125 subjects who met the criteria were included in the non-RVO
group.

Detailed information on each group is provided in Table 1.
Patients in the RVO group were more likely to have hypertension,
lower HDL-C levels, and lower eGFR levels than those in the
non-RVO group. The mean + SD observation period for the RVO
and non-RVO patients was 2.68+2.04 and 2.81+2.70years,
respectively.

Seven CV events were observed in the RVO group (12.3%
[95% CI: 4.0-21.0];4.59/100 PYs [95 % CI: 3.83-5.73]), while 2
events were observed in the non-RVO group (1.6%, [95% CI:
0.0-3.8]; 0.57/100 PYs [95% CI: 0.49-0.68]) (Table 2). The
RVO group also had a higher RR and IRR than the non-RVO
group (RR: 7.68 [95% CI: 1.65-35.8] and IRR: 8.07 [95% CI:
1.54-79.6]), respectively. Kaplan—-Meier survival curves are
shown in Fig. 2. There was a significant difference in survival
between the 2 groups (log-rank test, P=.0007). Table 3 shows
the crude and adjusted HRs of the CV events in the 2 groups. A
significantly higher HR was observed in the RVO group and in
older patients in both the simple and multivariate models. The
HRs of CV events adjusted only by RVO medication are shown
in Table 4. Neither the number of anti-VEGF intravitreal
injections nor protective oral medications was associated with
CV events.
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Patients who received a comprehensive eye examination at Juntendo
Tokyo Koto Geriatric Medical Center

151 patients were searched for
data using the diagnostic terms
"Retinal vascular occlusion”
between January 2012 to December 2019

94 did not meet inclusion criteria
46 diagnosis errors in records
40 lack of laboratory data

7 lack of medication data
1 dialysis patient

57 analyzed : RVO group

126 patients recieved cataract surgery
by a single surgeon
between January to April 2012

Did not meet inclusion criteria
1 dialysis patient

Y

125 analyzed:non RVO group

Figure 1. Flowchart of participants. RVO =retinal vein occlusion.

4. Discussion

This retrospective cohort study found that patients with RVO
had a significantly higher incidence of CV events than patients
without RVO. This was consistent with the observation of a high
HR in a simple and multivariate model. The higher HR for RVO
patients supports the notion that RVO could be a sign of cerebral
infarction or other systemic atherosclerosis.!"* In our analysis,
older age was another predictor of CV events. Along with
environmental exposure, age is one of the most important
contributors to atherosclerosis.l'>!¢! Age-associated oxidative
stress and inflaimmation change the structure of arteries,!®!
particularly by increasing the diameter of the arterial ducts,
leading to arteriosclerosis.'>1¢!

The central retinal artery and vein are side by side in the center
of the optic nerve and covered with fibrous material. At the
arteriovenous intersection within the retina or on the surface of
the optic disc, the fibrous tissue and the thickened, hardened
retinal arteries compress the underlying veins. These obstructions
are complex and multidimensional, and their pathogenesis is not
completely understood.!'”! Damage to the retinal vessel wall from
atherosclerosis alters the compression of the vein, causing a
visible narrowing at the crossing site, sometimes with marked
upstream dilation of the vein."® A previous study!'? showed
that retinal vein occlusion was significantly associated with the

presence of arteriovenous nicking, which suggests that localized
arteriosclerotic processes may contribute to stasis and occlusion
in adjacent retinal veins. Thus, these studies support our findings
that patients with RVO develop more atherosclerosis than the
general healthy population.

Supporting the above hypothesis, some epidemiological studies
have revealed a higher risk of CV events in patients with RVO.
Martin et al'™! reported that patients with RVO had a
significantly higher risk of CVD than those with a standardized
risk population (20.6% vs 15.7%, P=.009). In a matched case—
control study, Di Capua et al*®! reported that the presence of
RVO is an independent risk factor for developing CVD. Our
results are consistent with those of previous studies.

We selected a composite primary endpoint of IHD or
cerebrovascular disease because the incidence of myocardial
infarction or stroke is extremely low.[*"*?! Several community-
based epidemiologic studies in Japan have described the incidence
of IHD and stroke>'23!; however, these data varied widely due
to the different age groups investigated in the population. For
example, in one study,*!! the median (+SD) age was 61+12
years, which was younger than that of our oldest subjects.
Therefore, it was difficult to investigate either IHD or
cerebrovascular disease in our single institute, which is why
we selected the composite endpoint.
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Table 1 Table 2
Demography of patients with and without RVO. Incidence of CVD by fundus status.
RVO non-RVO RVO non-RV0  P-value’
Variables (n=57) (n=125) P-value
- ndY 57 125 .
Age,y' 76.8(04)  756(86) .78 Tora OV events (MI+HF+TIA+Stroke) 7 (12.3) 2(1.6) 005
Sex: Male 23(404) 430344 M9, 00 1 08 1000
HTN, mm Hg p HE 1.(1.75) 1(0.8) 529
SBP? 1371 (17.7) 1259 (132)  <.001" ' : :
DBP? 727 (11.8) 656 (8.0)  <.001 TIA 1(1.79 00 313
120> and 80>" 8 (14.0) 38 (30.4) ., ~Stoke 58.77) 00 .003
120 < SBP < 140 or 80 < DBP < 90° 25 (43.9) 62 (49.6) <.001 Data are presented as the number (%
140<SBP <160 or 90<DBP<100° 18 (316) 25 (20.0) ata are presented as the numoer (). . o
SBP> 160 or DBP > 100P 6 (10.5) 0 CV=cardiovascular, CVD = cardiovascular disease, HF =heart failure, MI=myocardial infarction,
a = ’ * RVO =retinal vein occlusion, TIA=transient ischemic attack.
[gi_-rgg/r?wz e ??Sé gggg 12?22 g?ég g?g* :: galculaled using the Fisher exact test for variables.
HDL-C, mg/dL® 550 (152 591 (140  .039° P05
Non-HDL-C, mg/dL? 148.4 (32.4) 144.7 (31.1) .135*
BMI, kg/m? 22.5 (3.5) 23.0 (3.6) .180*
eGFbR (mU/min/1.73m2? 67.6 (23.7)  76.9 (22.9) 006, category and CV events. The reason for this is unclear, but may
EIM hol intake? 12 (g?q) i? (ggg) ?gg“ reflect that only a single blood pressure measurement at the first
Snigk?nglg ae 12 E21.1; a1 524.8; 110 Visit was included. Diabetes has also been reported to enhance
Medication ' ' CV events'®’l; however, the present results do not support this
Anticoagulant” ; 5(8.8) 6 (4.8) .297?: hypothesis. This might be because many of our cases were
Antiplatelet drug 12211 25(20.0) 870 frequently managed and well controlled during the follow-up
ggt]i?(/sEGFC' number of fimes O° 12 5218)1) 1%4('323) 190 period, or the diagnosis of diabetes may have been omitted from
oo 12 (21:1) 0 <001**  the medical chart. Although excluded in the present study, if
ob 5 (8.8) 1(0.8) patients on dialysis were included, the results may have differed.
>3 28 (49.1) 432 In the RVO group, 20 patients (35%) used antithrombotic

BMI=body mass index, DBP =diastolic blood pressure, DM = diabetes mellitus, eGFR =estimated
glomerular filtration rate, HDL-C = high-density lipoprotein cholesterol, HTN = hypertension, LDL-C=
low-density lipoprotein cholesterol, Non-HDL-C = non-high-density lipoprotein cholesterol, RVO=
retinal vein occlusion, SBP=systolic blood pressure, TC=total cholesterol, VEGF=vascular
endothelial growth factor.

#Mean (standard deviation).

n (%).

f‘ViIreous injection therapy.

" Student ¢ test.

Chi-square test. P< .05 was considered statistically significant.

It is well known that lowering blood pressure reduces the risk
of major CV events.!**! In theory, the HR should be greater in
patients with high systolic and diastolic blood pressures, but there
was no dose-response relationship between the hypertension

drugs; neither anticoagulation nor antiplatelet therapy was
associated with the occurrence or recurrence of CVD. Whether
antithrombotic drugs are protective against CV events remains a
matter of debate.*®! In addition, it remains controversial whether
antithrombotic drugs improve visual acuity in RVOQ.!727!
Intravitreal injection of a VEGF inhibitor in the treatment of
macular edema followed by RVO was found to be safe and
effective in randomized controlled trials,*®*°! but experts have
warned of the risk of systemic thromboembolism after anti-VEGF
injection,®*!! although the association between thromboem-
bolic events and anti-VEGF therapy has not been confirmed.
Further investigation is needed, and frequent follow-up is
important.

The strength of our research is the collection of all personal
information directly from medical records. In addition, we were

> nonRVO
= R
€+ ©
-1
o W S S—
—
2 B RVO
E I~
2
3
0 N
o
Log-rank test, p=0.0007
8
o T T T T
0 2 6 g years

Figure 2. Kaplan-Meier curves of CV event-free survival probability for patients in the RVO group and the non-RVO group. CV =cardiovascular, RVO =retinal vein

occlusion.
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Major of association between CV incidence and variables selected.

Simple model Multivariate model
Crude HR 95% Cl P-value Adjusted HR 95% Cl P-value

RVO 961 1.97-46.9 005" 16.13 2.29-113.7 005"
Non-RVO 1 - - 1 - -
Age 1.15 1.03-1.27 009" 1.26 1.06-1.49 .008"
Sex

Male 1 - - 1 - -

Female 0.62 0.17-2.30 A73 0.37 0.03-4.26 429
HTN, mm Hg

120> and 80> 1 - - 1 - -

120 < SBP <139 or 80 <DBP <90 1.15 0.21-6.29 873 0.91 0.11-7.60 929

140 < SBP <160 or 90 <DBP < 100 0.96 0.14-6.87 971 0.69 0.05-9.80 783

SBP>160 or DBP>100 8.15 0.69-96.4 .096 1.38 0.04-46.4 856
BMI 1.03 0.86-1.22 771 1.14 0.87-1.48 335
HDL-C 0.96 0.92-1.01 148 1.03 0.97-1.09 349
DM

Yes 0.32 0.04-2.55 279 0.25 0.02-2.96 273

No 1 - - 1 - -
Smoking

Yes 1.8 0.45-7.23 407 2.23 0.16-30.7 548

No 1 - - 1 - -
eGFR 0.98 0.95-1.01 109 0.97 0.92-1.02 201

BMI=hody mass index, Cl=confidence interval, CV = cardiovascular, DBP = diastolic blood pressure, DM=diabetes mellitus, eGFR=estimated glomerular filtration rate, HDL-C = high-density lipoprotein
cholesterol, HTN = hypertension, HR=hazard ratio, RvO =retinal vein occlusion, SBP = systolic blood pressure.

" p<.05.

able to review personalized medications, clinical records, height
and weight, vital signs, and laboratory data, eliminating all
incorrect diagnoses. However, this study had several limitations.
First, these were censored cases, so it was difficult to follow up the
care due to other events, such as walking difficulties due to
dementia or degenerative joint disease, nursing care for family
members, and moving houses. A survival analysis was performed
to avoid selection bias. Second, we were unable to assess variables
such as the Suita score!’*! or Framingham risk score,**! which are
standard tools used to predict the incidence of IHD. Fasting and
non-fasting blood sampling data were mixed in our study;
usually, fasting blood samples are needed to assess dyslipidemia,
but we had to include non-fasting blood samples in this study
because patients who normally come to an ophthalmologist have
not always fasted. Recently, HDL-C level has become a
biomarker for dyslipidemia; therefore, we used HDL-C level as
one of our variables.!**! Third, it may be difficult to generalize the

Major of association between CV incidence and medical inter-
vention for RVO group.

Variables Adjusted HR" 95% ClI P-value
Anticoagulant 2.87 0.16-50.61 471
Antiplatelet 1.7 0.20-14.49 .625
Anti-VEGF"

0 1.00

1 0.28 0.01-8.36 461

2 0.63 0.26-15.26 776

>3 0.36 0.48-2.63 311

Cl=confidence interval, HR =hazard ratio, RVO =retinal vein occlusion, VEGF =vascular endothelial
growth factor.

) Adjusted for age and eGFR use.

 Number of vitreous injections.

results of this study to a wider population because we excluded
patients who were undergoing dialysis. We excluded these
patients because eGFR calculation takes into account serum
creatinine level and age, but the dialysis patients already had
serum creatinine levels that were far from normal.

In conclusion, our study revealed a higher risk of CV events in
patients with RVO. Fundus assessment is a meaningful tool for
predicting CV events, especially in elderly people; therefore,
fundus observations should be shared between ophthalmologists
and internists. Further research is required to evaluate the efficacy
of early RVO treatment in preventing cardiovascular diseases.
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