L.
@ The ROYAL COLLEGE o
OPHTHALMOLOGISTS

ARTICLE

www.nature.com/eye

W) Check for updates

The risk of retinal vein occlusion among patients with
neovascular age related macular degeneration: a large-scale

cohort study

Orly Weinstein'?®, Mouhammad Kridin*®, Khalaf Kridin®, Oran Mann', Arnon D. Cohen'? and Ofira Zloto

35X

© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2022

PURPOSE: To examine the risk for retinal-vein-occlusion (RVO) in patients with neovascular age-related-macular-degeneration
(AMD) as compared to age- and sex-matched controls.

METHOD: This is a population-based, cohort study. The study encompassed 24,578 consecutive patients with neovascular AMD and
66,129 control subjects. Multivariate cox regression analysis was utilized to detect the risk of RVO among patients with neovascular
AMD. Predictors of RVO in patients with neovascular AMD were identified using multivariate logistic regression analysis. Mortality of
patients was assessed using Kaplan-Meier method.

RESULTS: The incidence rate of RVO was estimated at 1.25 (95% Cl, 1.06-1.45) per 1000 person-years among patients with
neovascular AMD and 0.25 (95% Cl, 0.20-0.31) per 1000 person-years among controls. Patients with neovascular AMD were
associated with an increased risk of RVO (adjusted HR, 4.35; 95% Cl, 3.34-5.66; P < 0.001). Among patients with neovascular AMD,
older age (=79.0 years) was associated with a decreased risk of RVO (adjusted OR, 0.50; 95% Cl, 0.37-0.70; P < 0.001), whilst a history
of glaucoma increased the likelihood of RVO (adjusted OR, 2.66; 95% Cl, 1.94-3.65; P < 0.001). Patients with neovascular AMD and
comorbid RVO had a comparable risk of all-cause mortality relative to other patients with neovascular AMD (HR, 0.90; 95% Cl,
0.67-1.22; P=0.500)

CONCLUSIONS: An increased risk of RVO was found among patients with neovascular AMD. Younger age and glaucoma predicted
the development of RVO in patients with neovascular AMD. Awareness of this comorbidity is of benefit for clinicians as patients

with neovascular AMD might be carefully examined for RVO signs and complications.
Eye (2023) 37:1445-1450; https://doi.org/10.1038/s41433-022-02163-7

INTRODUCTION

Age-related macular degeneration (AMD) is the primary cause of
blindness in people over the age of 65 in industrialized countries
[1]. AMD is classified into non-neovascular and neovascular types.
Neovascular AMD, also called “wet AMD”, is the late and serious
type of AMD [2]. It is characterized by choroidal neovasculariza-
tion, which starts from choriocapillaris, extending to the Bruch’s
membrane in the area of the macula and causing central vision
impairment [3].

Retinal vein occlusions (RVO) is the second most common cause
of severe visual impairment and blindness in the elderly [4]. It can
be divided into two primary categories depending on the site of
obstruction: central RVO (CRVO) when the occlusion involves the
whole central retinal vein, and branch RVO (BRVO) when the
occlusion involves only one branch of the central retinal vein [5].
BRVO occurs at arterio-venous crossing sites that share a common
adventitia [6]. CRVO is caused by external compression of the
central retinal artery, which shares a common fibrous sleeve with
the vein [7]. RVO may cause macular oedema, retinal neovascular-
ization and neovascular glaucoma [7].

It is known that increased expression of vascular endothelium
growth factor (VEGF) plays a major role in angiogenesis in
neovascular AMD [3] as well as in macular oedema in RVO [8].
However, it is unknown if people with neovascular AMD are at
increased risk of developing also RVOs. Therefore, the purpose of
this current study is to examine the risk for RVO in neovascular
AMD patients compared to age- and sex-matched controls
subjects. Additionally, we sought to identify predictors of RVO
among patients with neovascular AMD.

METHODS

Study design and database

The current study was designed as a population-based historical cohort
study. The study was endorsed by the institutional review board (IRB) of
Ben-Gurion University in accordance with the declaration of Helsinki
(approval code: 0212-17-COM).

Clalit Health Services (CHS) computerized database was the source of
the current study. CHS is the largest health maintenance provider in Israel,
providing a broad assortment of healthcare services for a population of
roughly 4.5 million inhabitants as of October 2018. The electronic dataset
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of CHS continuously retrieves data from clinical, pharmaceutical, and
administrative operating systems and was evidenced as a prolific and
reliable source of well-designed epidemiological studies. The character-
istics of the utilized database are further detailed in other publications
[9, 10].

Study population, definition of patients, and covariates
Medical files of all enrolees of CHS were systematically screened for a
diagnosis of neovascular AMD. The latter was based on the following
eligibility criteria: (i) a diagnosis of neovascular AMD as registered by a
board-certified ophthalmologist (that is based his diagnosis on Optical
Coherence Tomography (OCT) exam and clinical diagnosis), or (i) a
diagnosis of neovascular AMD documented in a discharge letter from an
ophthalmological inpatient ward (diagnosis is based on clinical exam and
OCT), or (iii) prescription of ranibizumab (Lucentis”) or aflibercept (Eyleaa)
or bevacizumab (Avastin®) among patients with any diagnosis of AMD.

We additionally recruited a control group encompassing up to three
individuals per each eligible case. Controls were randomly selected from
CHS enrolees lacking a diagnosis of AMD and were individually-matched in
accordance with age, sex, and ethnicity. A control subject was recruited at
the same date in which the diagnosis of the respective case was
documented.

Patients with neovascular AMD and control subjects were followed
longitudinally and compared with regard to the incidence of RVO (in the
same eye of AMD in the study group). Patients with AMD were examined
every 3 months while control patients were examined every 6-12 months.
The diagnosis of RVO relied on the chronic registry of CHS. That is, a
diagnosis of BRVO or CRVO was documented by a board-certified
ophthalmologist or in discharge letters from ophthalmological inpatient
wards and was based on clinical examination and OCT.

Outcome measures were adjusted for age, sex, ethnicity, and socio-
economic status (model 1) to refute the presence of meaningful residual
confounding. Given that RVO was reported to associate with glaucoma,
hypertension, diabetes mellitus, hyperlipidaemia, ischemic heart disease,
and stroke [11], we additionally adjusted for these comorbidities (model 2).
The diagnosis of these comorbidities was retrieved from the chronic
registry of CHS.

Statistical analysis

Baseline characteristics are demonstrated as means and standard
deviations (SD)s for continuous variables and percentages for categorical
variables. The circulation of clinical and sociodemographic factors was
thought about between AMD patients and controls utilizing Chi-square
test and t-test, as shown.

The incidence rate of RVO both among cases and controls was
determined as the number of cases per 1000 person-years. Hazard ratios
(HR)s for the risk of RVO were determined by the utilization of Cox
regression models. Cases and controls with a preexisting diagnosis of RVO
prior to the study initiation were excluded from the current analysis.

The cumulative survival of neovascular AMD patients with and without
RVO was calculated using Kaplan-Meier method and compared between
the subgroups via stratified log-rank test. Age stratification was performed
on the basis of the median age of study participants (79.0 years).

Two-tailed P-values less than 0.05 were considered statistically
significant, whereas results with 95% confidence intervals (Cl)s were
reported where applicable.

All statistical analyses were performed using SPSS software, version 25
(SPSS, Armonk, NY: IBM Corp).

RESULTS

The study population included 24,578 consecutive patients with
neovascular AMD and 66,129 control subjects. The mean (SD) age
at the onset of neovascular AMD was 78.3 (9.2), and 43.7% and
94.3% of the study population were males and of Jewish ancestry,
respectively. The mean BMI and the prevalence of smoking were
both significantly higher among patients with neovascular AMD.
Table 1 delineates the baseline characteristics of the study
population.

Patients with neovascular AMD and controls were followed for
128,440.4 and 343,556.3 person-years, respectively. During the
follow-up duration, 160 and 87 events of new-onset RVO occurred
in the aforementioned groups, respectively. Taken together, the
incidence rate of RVO was estimated at 1.25 (95% Cl, 1.06-1.45)
per 1000 person-years among patients with neovascular AMD and
0.25 (95% Cl, 0.20-0.31) per 1000 person-years among controls
(Table 2).

The unadjusted risk of RVO was almost fivefold higher among
patients with neovascular AMD relative to control subjects (HR,
4.90; 95% Cl, 3.77-6.36; P < 0.001; Fig. TA). In sex-and age-stratified
analyses, the risk of RVO was higher among males (HR, 5.21; 95%
Cl, 3.56-7.63; P <0.001) and younger individuals (<79.0 years; HR,
6.38; 95% Cl, 4.45-9.15; P < 0.001; Table 2).

We then performed multivariate analyses to identify the
independent risk of RVO that is imposed by neovascular AMD.
The substantially increased risk retained its statistical significance

Table 1. Descriptive characteristics of the study population.
Characteristic Patients with neovascular AMD (n = 24,578) Controls (n = 66,129) P value
Age, years
Mean (SD) 78.7 (9.2) 783 (9.2) <0.001
Median (range) 79.0 (22.0-112.1) 79.0 (22.3-112.0)
Sex, n (%)
Male 10,734 (43.7%) 28,808 (43.6%) 0.767
Female 13,844 (56.3%) 37,321 (56.4%)
Ethnicity, n (%)
Jews 23,185 (94.3%) 62,325 (94.2%) 0.740
Arabs 1,393 (5.7%) 3,803 (5.8%)
Socioeconomic status, n (%)
Low 6637 (27.1%) 18,059 (27.4%) 0.408
Intermediate 11,159 (45.6%) 30,085 (45.7%)
High 6678 (27.3%) 17,693 (26.9%)
Body mass index (Kg/mz), Mean (SD)? 28.0 (5.3) 27.8 (5.4) <0.001
Smoking, n (%)b 5,389 (31.9%) 12,947 (28.9%) <0.001

AMD age-related macular degeneration, N Number, SD standard deviation .
®This variable was available for 21,729 study participants.
®This variable was available for 16,750 participants.
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Table 2. Incidence rates and hazard ratio of new-onset RVO among

patients with neovascular AMD relative to control subjects.
Patients with Controls
neovascular AMD

Follow-up time, PY 128,440.4 343,556.3

Median follow-up 4.8 (0.1-20.9) 4.5 (0.0-20.9)

time, years (range)

Number of events 160 87

Incidence rate / 1.25 0.25

1000 PY

95% Cl 1.06-1.45 0.20-0.31
HR (95% Cl) P value

Unadjusted analysis

Overall 4.90 (3.77-6.36) <0.001

unadjusted risk

Male-specific risk 5.21 (3.56-7.63) <0.001

Female-specific risk 4.63 (3.24-6.63) <0.001

<79.0 years- 6.38 (4.45-9.15) <0.001

specific risk*

279.0 years- 3.77 (2.51-5.67) <0.001

specific risk*

Adjusted analysis

Model 1° 5.00 (3.85-6.49) <0.001

Model 2° 4.35 (3.34-5.66) <0.001

AMD age-related macular degeneration, PY person-year, Cl confidence
interval, HR hazard ratio.
*79.0 years was chosen as a cut-off since it represents the median age of
study participants.
“Following the adjustment for age, sex, ethnicity, and socioeconomic
status.

PFollowing the adjustment for age, sex, ethnicity, and socioeconomic
status, and the following comorbidities: glaucoma, hypertension, diabetes
mellitus, hyperlipidaemia, ischemic heart disease, and stroke.

Bold values indicate significant values.

after controlling for demographic variables (model 1: adjusted HR,
5.00; 95% Cl, 3.85-6.49; P <0.001) and for demographic variables
and comorbidities (model 2: adjusted HR, 4.35; 95% Cl, 3.34-5.66;
P <0.001; Table 2).

The last endpoint of the current study was to identify predictors
of RVO in patients with neovascular AMD (Table 3). Older age was
proved protective against the risk of developing RVO (adjusted
OR, 0.50; 95% Cl, 0.37-0.70; P<0.001), whereas a history of
glaucoma was associated with an increased likelihood of RVO
(adjusted OR, 2.66; 95% Cl, 1.94-3.65; P < 0.001). Sex, ethnicity, and
other comorbidities were not found to be significantly associated
with the development of RVO (Table 3). Relative to other patients
with neovascular AMD, those with AMD and comorbid RVO
demonstrated a comparable risk of all-cause mortality (HR, 0.90;
95% Cl, 0.67-1.22; P=0.500; Fig. 1).

DISCUSSION

The current large-scale population-based study disclosed that
patients with neovascular AMD experience a fivefold increased
risk of developing RVO as compared to control individuals. This
risk was more prominent among males and younger patients and
was robust to multivariate analysis. While the presence of a
preexisting history of glaucoma predisposes patients with
neovascular AMD to RVO, old age emerged as a protective factor
against the development of RVO. The all-cause mortality rate was
comparable between neovascular AMD patients with and
without RVO.

Eye (2023) 37:1445-1450
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Hypoxia plays a central role in RVOs as well as in neovascular
AMD [12-14]. It increases the production of VEGF that causes
excessive vascular permeability, neovascularization, and closure of
retinal vessels. This cause an exacerbating of the hypoxia and
creating a positive feedback loop in RVO as well as in neovascular
AMD [12-14].

As the pathogenesis of those diseases shares the same factors,
it is conceivable to assume that an association exists between
them. In this current cohort study, we found that patients with
neovascular AMD were almost at a fivefold increased risk of
developing RVO compared to control subjects (HR, 4.90). This risk
persisted after adjustment to comorbidities and demographic
characteristics. To the best of our knowledge, this is the first study
that demonstrates this association.

One of the known risk factors of RVOs is the male gender [11]. In
this current study, both genders with neovascular AMD were at
increased risk to develop RVOs. However, neovascular AMD male
patients had higher risk of RVO, thus aligning with the current
literature.

Old age is another well-established risk factor of RVO [15].
Surprisingly, we found that younger patients with neovascular
AMD had a higher risk of RVO and that older age protected
against the development of RVO. This finding might reflect the
lower baseline incidence rate of RVO among young individuals in
the reference group, thus rendering the HR higher.

It is known that the majority of people diagnosed with RVO had
at least 1 component of the metabolic syndrome (defined as the
presence of hypertension [15], diabetes mellitus, hyper-
triglyceridemic and low HDL [16]) or vascular diseases (like
ischemic heart disease and cerebrovascular accident [17]) or
glaucoma [18]. Since these variables are strongly associated with
RVO, they were included in a multivariate analysis to enable
estimating the independent risk conferred by neovascular AMD.
After adjustment, it was found that patients with neovascular AMD
are at more than 4 times increased risk to develop RVOs. This
finding indicates that neovascular AMD embodies an independent
risk factor of RVO.

In addition, we aimed to evaluate whether these comorbidities
predispose patients with neovascular AMD to develop RVO.
Glaucoma emerged as an independent predictor of subsequent
development of RVO in patients with neovascular AMD. Younger
patients were additionally found as an independent predictor of
RVO. Therefore, younger neovascular AMD with comorbid
glaucoma should be examined carefully to exclude signs of RVO
and its complications.

In retina clinics in the western world, in the past two decades,
the use of the OCT in neovascular AMD has become very common
and even considered as an essential exam in the management of
patients with neovascular AMD [19]. As the prevalence of
neovascular AMD is increasing due to growing longevity [1], the
use of OCT without a clinical exam by slit-lamp became even more
common [20, 21]. In the OCT exam, some findings like some BRVO
and RVO complications like retinal neovascularization, retinal
haemorrhage, neovascular glaucoma, and high intraocular pres-
sure can be missed. The finding of this current study suggesting
an increased risk for RVO in patients with neovascular AMD
demonstrates that the clinical exam is essential in neovascular
AMD patients. Moreover, while the treatment for neovascular AMD
is composed only of anti-VEGF agents, the treatment for macular
oedema secondary to RVO can also include corticosteroid
injections [22]. Therefore, it is important to diagnose the exact
reason for the decrease in visual acuity in patients with RVO
and AMD.

To the best of our knowledge, the current study is the first
population-based cohort study to shed light on the association
between neovascular AMD and RVO. We contributed a novel
epidemiological feature regarding the risk of developing RVO
during the course of AMD. Furthermore, the current study

SPRINGER NATURE
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Fig. 1 Risk for RVO. Kaplan-Meier curves demonstrating the cumulative incidence of RVO among patients with neovascular AMD and

controls (A) and the all-cause survival of neovascular AMD patients with and without comorbid RVO (B).

population represent one of the world’s largest cohorts of patients
with neovascular AMD.

This study is not without limitations. One of the limitations is
that there was no differentiation between the patients who
develop CRVO and those who develop BRVO. Another limitation is
the ethnicity of the population in this study which included only
Jewish and Arab subjects, reflecting the ethnic composition of the
Israeli population. Asians and Hispanics, who are known for their
increased risk of RVO [4] were not included in this study. Further
prospective studies are needed to evaluate this epidemiological
relationship in other ethnic groups as well as the differences
between CRVO and BRVO.

In conclusion, we demonstrate a fivefold increased risk of RVO
among patients with neovascular AMD. The risk was more
prominent among young and male individuals. The presence of
comorbid glaucoma and younger age were independent pre-
dictors of RVO among patients with neovascular AMD. Patients
with neovascular AMD, particularly those with comorbid glaucoma
should undergo careful slit lamp clinical examination for RVO
signs and complications in each follow up visit and not just OCT
exam. Further research is required to reproduce our findings in
other study populations originating from different ethnic
backgrounds.

SPRINGER NATURE

SUMMARY TABLE

What was known before

® Age-related macular degeneration (AMD) is the primary cause
of blindness in people over the age of 65 in industrialized
countries.

® Retinal vein occlusion (RVO) is the second most common
cause of severe visual impairment and blindness in the elderly.

® |t is known that increased expression of vascular endothelium
growth factor (VEGF) plays a major role in angiogenesis in
neovascular AMD as well as in macular oedema in RVO.

What this study adds

® Patients with neovascular AMD experience a fivefold increased
risk of developing RVO as compared to control individuals.

® This risk was more prominent among males and younger
patients.

® The presence of a preexisting history of glaucoma predisposes
patients with neovascular AMD to RVO, old age emerged as a
protective factor against the development of RVO.
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Table 3. Predictors of new-onset RVO among patients with neovascular AMD.

Neovascular AMD Neovascular AMD Unadjusted OR P value Adjusted OR P value

with RVO (n = 160) without RVO (95% CI) (95% CI)*

(n = 24,176)

Age at the onset of 65 (40.6%) 13,549 (56.0%) 0.54 (0.39-0.74) <0.001 0.50 (0.37-0.70) <0.001
neovascular AMD > 79.0, n (%)
Female sex, n (%) 82 (51.2%) 13,631 (56.4%) 0.81 (0.60-1.11) 0.192
Jewish ethnicity, n (%) 153 (95.6%) 22,802 (95.6%) 1.32 (0.62-2.82) 0.476
Glaucoma, n (%) 73 (45.6%) 6,196 (25.6%) 2.44 (1.78-3.33) <0.001 2.66 (1.94-3.65) <0.001
Ischemic heart disease, n (%) 52 (32.5%) 9,720 (40.2%) 0.72 (0.51-1.00) 0.048 0.76 (0.54-1.06) 0.106
Stroke, n (%) 35 (21.9%) 5,351 (22.1%) 0.99 (0.68-1.44) 0.973
Diabetes mellitus, n (%) 68 (42.5%) 9,809 (40.6%) 1.08 (0.79-1.48) 0.621
Hypertension, n (%) 129 (80.6%) 19,285 (79.8%) 1.06 (0.71-1.56) 0.788
Hyperlipidaemia, n (%) 130 (81.3%) 20,407 (84.4%) 0.80 (0.54-1.19) 0.272
Obesity, n (%)° 43 (28.9%) 6,470 (30.0%) 0.95 (0.66-1.35) 0.766
Smoking, n (%)© 44 (36.1%) 5,219 (31.8%) 1.21 (0.83-1.75) 0.316

AMD age-related macular degeneration, RVO renal vein occlusion, OR odds ratio, C/ confidence interval.

#Adjusting for variables with P < 0.015 in univariate analysis.
PThis variable was available for 21,729 study participants.
This variable was available for 16,750 participants.

Bold values indicate significant values.
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