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Abstract

Objective—To summarize the prevalence of retinal vein occlusion (RVO) from studies in the
United States, Europe, Asia, and Australia.

Design—~Pooled analysis using individual population-based data.

Participants—Individual participant data from population-based studies around the world that had
ascertained RVO from fundus photographs.

Methods—Each study provided data on branch RVO and central RVO by age, sex, and ethnicity.
Prevalence rates were directly age and sex standardized to the 2008 world population aged 30 years
and older. Estimates were calculated by study and, after pooling, by ethnicity. Summary estimates

included studies in which RVO was assessed from fundus photographs on >2 fields of both eyes.

Main Outcome Measures—Any RVO, CRVO, or BRVO.

Results—The combined pooled data contained 68,751 individuals from 15 studies, with
participants’ ages ranging from 30 to 101 years. In analyses of 11 studies that assessed >2 fundus
fields of both eyes (n=49,869), the age- and sex-standardized prevalence was 5.20 per 1000
(confidence interval [CI], 4.40-5.99) for any RVO, 4.42 per 1000 (Cl, 3.65-5.19) for BRVO, and
0.80 per 1000 (CI, 0.61-0.99) for CRVO. Prevalence varied by race/ethnicity and increased with
age, but did not differ by gender. The age- and sex-standardized prevalence of any RVO was 3.7 per
1000 (Cl, 2.8-4.6) in whites (5 studies), 3.9 per 1000 (Cl, 1.8-6.0) in blacks (1 study), 5.7 per 1000
(CI,4.5-6.8) in Asians (6 studies), and 6.9 per 1000 (Cl, 5.7-8.3) in Hispanics (3 studies). Prevalence
for CRVO was lower than BRVO in all ethnic populations. On the basis of these data, an estimated
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16.4 million (Cl, 13.9-18.9) adults are affected by RVO, with 2.5 million (ClI, 1.9-3.1) affected by
CRVO and 13.9 million (CI, 11.5-16.4) affected by BRVO. Study limitations include non-uniform
sampling frames in identifying study participants and in acquisition and grading of RVO data.

Conclusions—Our study provides summary data on the prevalence of RVO and suggests that
approximately 16 million people may have this condition. Research on preventive and treatment
strategies for this sight-threatening eye disease is heeded.

Retinal vein occlusion (RVO) is one of the most common causes of acquired retinal vascular
abnormality in adults and a frequent cause of visual loss. Despite being recognized at least as
early as 18551 and the subject of more than 3000 publications, there are few data on the
prevalence of RVO in the general population, with current estimates derived largely from
studies in white populations.2=* More recently, population data have emerged from other racial/
ethnic groups, such as in Chinese,® Hispanics,® and Asian Malays.” The reported prevalence
of RVO varies between 0.3%* and 1.6%.3 The variability in prevalence rates is likely related
to the small number of RVO cases in any single study, differing study methodologies (e.g.,
retinal photography), and possible racial/ethnic differences in distributions of RVO risk factors.

Because of these limitations, estimates of RVO prevalence have been imprecise. Furthermore,
most single studies rarely reported on the prevalence of different RVO subtypes, namely,
central retinal vein occlusion (CRVO) and branch retinal vein occlusion (BRVO), which are

important to distinguish because they have different risk factors,8:° prognosis, and treatment.
10-12

In this report, we combined individual-level data from 15 major population-based studies
around the world and estimated the prevalence of BRVO and CRVO and their relationships
with age, gender, and race/ethnicity.

Materials and Methods

Study Selection and Inclusion

A systematic review of the literature for all relevant population-based studies that undertook
retinal photography was conducted. We searched all English language and human subject
articles using a keyword search of MEDLINE (1950 to November 13, 2008), EMBASE (<1966
to December 18, 2008), Current Contents (1999 to December 18, 2008), and the Cochrane
Library (to December 18, 2008) using the following search terms: retinal photography OR
retinal images OR fundus photography AND population based. A total of 1585 citations were
identified as of December 18, 2008. Irrelevant and duplicate articles were excluded on the basis
of a review of the titles and abstracts. The full text of the remaining articles was reviewed to
ensure all studies met the inclusion criteria and did not meet the exclusion criteria. In addition,
we further consulted with experts to identify population-based studies that had assessed the
presence of RVO from fundus photographs, but which may not have published results
examining RVO or in which assessment of RVO from retinal photographs was still ongoing.

Studies were excluded if they were not population-based (i.e., excluding studies of clinic patient
samples), fundus photographs were not taken or were not taken for all subjects, or images were
not graded for RVO or the grading did not distinguish RVO subtype. Studies included in this
review were those population-based studies in which RVO diagnosis was based on retinal
photographic grading by a trained grader. We identified 21 population-based studies in which
fundus photographs were potentially graded for RVO; of these, 7 had reported on the
prevalence of RV0.2~7

We then contacted the lead investigators of the identified studies to request collaboration.
Collaborators were requested to provide data on the following: presence of RVO and subtypes
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(CRVO, BRVO), age, sex, and race/ethnicity. All studies had prior institutional review board
approval and provided appropriately de-identified data for analysis.

In total, investigators from 15 of the 21 identified studies provided data: Atherosclerosis Risk
in Communities Study, Beaver Dam Eye Study, Cardiovascular Health Study (CHS), Los
Angeles Latino Eye Study, Multi-Ethnic Study of Atherosclerosis (MESA), and the Arizona
Project on Vision, Evaluation, Research from the United States; EUREYE and Rotterdam Eye
Study from Europe; Beijing Eye Study, Funagata Study, Handan Eye Study, Hisayama Study,
Shihpai Eye Study, and Singapore Malay Eye Study from Asia; and the Blue Mountains Eye
Study from Australia. Investigators of the remaining 6 studies that did not contribute data to
this study did not want to participate, did not respond, or could not be contacted.

Definition of Retinal Vein Occlusion

All 15 studies had retinal photography performed to a standardized protocol. All photographs
were graded for RVO on the basis of standard definitions, and the majority of studies used 1
of 4 fundus photograph reading centers: United States (Ocular Epidemiology Reading Center
at the University of Wisconsin-Madison), The Netherlands (Rotterdam Grading Centre), and
Australia (Centre for Vision Research, University of Sydney and the Centre for Eye Research
Australia, University of Melbourne), where the RVO grading procedures were standardized.

Central retinal vein occlusion was defined to be present if there was retinal edema, optic disc
hyperemia or edema, scattered superficial and deep retinal hemorrhages, and venous dilation.
27 |ong-standing CRVO was defined to be present if occluded or sheathed retinal veins or
vascular anastomoses at the optic disc were detected. Branch retinal vein occlusion was defined
asthe presence of localized retinal edema, superficial and deep retinal hemorrhages, intraretinal
microvascular abnormalities or anastomotic vessels, and venous dilation or venous sheathing
within a sector of the retina corresponding to the obstructed vein.2~7 Retinal vein occlusion
was defined as present when either BRVO or CRVO was detected in at least 1 eye.

Appraisal of Quality of Studies

Because there were no established guidelines on evaluating prevalence studies, we adopted
and further modified the quality assessment criteria by de Weerd et al.13 The quality of all
studies was assessed for the following attributes:

»  Representation of the general population, whereby participants selected should ideally
by representative of the general population. Methods of achieving this may involve
using population registries, inhabitants of a defined area, and people registered with
a general practice. Participants attending health checkups may be biased and only
cover certain population groups.

»  Appropriate recruitment of the population. Recruitment was considered appropriate
if recruitment of participants was random or consecutive rather than performed for
convenience.

» Adequate response rate (>70%).

»  Objective documentation of the outcome, in this case, documentation by retinal
photography performed according to standardized protocols and graded according to
standard definitions.

A score of 3 or higher was considered adequate quality.
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Statistical Analysis

Results

Data from each study were checked for consistency in variable definitions before pooling.
Race/ethnicity was categorized as Asian (Chinese, Chinese-American, Malay, people of Asian
origin and Europeans of Indian, Indonesian, or Asian origin), black (African-Americans),
Hispanic (Hispanic-Americans), and white (Europeans, and those of European origin).

Study-specific and pooled-data estimation of RVO prevalence rates were obtained using the
direct method of age-sex-standardization to the 2008 world population aged 30 years and older.
14 This standardization involved 6 age categories (30—39 years, 40-49 years, 50-59 years, 60—
69 years, 70-79 years, and >80 years) in men and women separately. The calculation of 95%
confidence intervals (ClIs) for the standardized prevalence rates used a normal approximation
and Breslow-Day standard errors, after being modified to use a binomial assumption for the
variance of the crude stratum-specific rates.1> Crude prevalence rates per 1000 and Agresti-
Coull modified Wald Cls were also calculated.

Initial analyses included data from all 15 studies. Subsequent analyses used only the 11 studies
that had assessed RVO with 2 or more retinal photographic fields from both eyes of participants
(considered to have high sensitivity in detection).

Supplementary analysis included logistic regression of the effect of number of photographic
fields per eye and the number of eyes with photographs taken per participant and the effect of
pharmacologic mydriasis on the likelihood of an RVO diagnosis (adjusted for study, age, sex,
and ethnicity).

Overall, we collated data for 68,751 participants from 15 studies from the United States,
Europe, Asia, and Australia. Of these participants, 43.7% were male, 48.4% were white, 27.1%
were Asian, 17.2% were Hispanic, and 7.2% were black. Summary characteristics of each of
the included studies are presented in Table 1; detailed characteristics of the participants in each
of these studies have been described in previous publications (Table 1).

The majority of studies were conducted in only 1 ethnic group, except for the Atherosclerosis
Risk in Communities Study, CHS, MESA, and Rotterdam studies, which had more than 1
ethnic group. Of the 15 studies, 11 assessed RVO from 2 or more retinal photographic fields
of both eyes of each subject; of these 11 studies, retinal photographs were taken after
pharmacologic mydriasis in 10 (the MESA differed). Of the studies that had 2 retinal fields
photographed, 1 was centered at the optic disc (Early Treatment for Diabetic Retinopathy Study
Field 1) and the other was centered on the macula (Early Treatment for Diabetic Retinopathy
Study Field 2). Cameras varied between studies, ranging from a stereoscopic film-based
mydriatic camera (Zeiss FF3 camera, Carl Zeiss, Oberkochen, Germany) to a digital non-
mydriatic retinal camera (Canon CR-DGi with a 10D SLR backing, Canon, Tokyo, Japan).

The age- and sex-standardized prevalence (per 1000 persons) was 3.77 (Cl, 3.08-4.46) for
BRVO and 0.65 (Cl, 0.49-0.80) for CRVO in the pooled analysis (Table 2). The standardized
prevalence rates for CRVO in individual studies varied from 0.04 per 1000 (CI, 0-0.12) in
CHS to 1.59 per 1000 (Cl, 0.83-2.35) in the Blue Mountains Eye Study. Corresponding
standardized BRVO prevalence ranged from 0.26 (CI, 0.07-0.45) in CHS to 9.32 (Cl, 5.96-
12.67) in Hisayama. There was no discernible difference between the age-standardized
prevalence rates in men and women.

Analyses confined to 11 studies that assessed 2 or more fields of both eyes, involving 49,869
participants, generated slightly higher prevalence estimates: Prevalence was 4.42 (Cl, 3.65-
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5.19) for BRVO, 0.80 (ClI, 0.61-0.99) for CRVO, and 5.20 (Cl, 4.40-5.99) for any RVO per
1000 adults. By using these prevalence rates and the 2008 world population,1* we estimated
that 16.4 million (Cl, 13.9-18.9) adults worldwide are affected by RVO, 2.5 million (ClI, 1.9-
3.1) adults are affected by CRVO, and 13.9 million (CI, 11.5-16.4) adults are affected by
BRVO. Analyses repeated including only the 10 studies in which pharmacologic mydriasis
was performed resulted in similar estimates (data not shown).

The crude prevalence of all types of RVO increased with age (all P for trend <0.001; Table 3).
This pattern was seen overall and in men and women separately. In studies that undertook
photography of 2 or more fields in both eyes per subject, the age- and sex-standardized
prevalence of BRVO varied across ethnic groups, with Asian and Hispanic groups exhibiting
the highest prevalence and whites exhibiting the lowest prevalence (Fig 1). There were no
obvious ethnic differences in CRVO prevalence.

Discussion

The pooling of individual-level data from studies from the United States, Europe, Asia, and
Australia allowed us to estimate more precisely the prevalence of RVO in the general adult
population. On the basis of approximately 50,000 people from 11 studies that had assessed
RVO from fundus photographs of 2 or more fields taken from each of the 2 eyes per participant,
we estimate an age- and sex-standardized prevalence of 4.42 per 1000 persons for BRVO and
0.80 per 1000 persons for CRVO. The prevalence of RVO was similar between men and
women, and increased with age. The prevalence of BRVO was highest in Asians and Hispanics
and lowest in whites.

Previous population-based studies on RVO have provided rough estimates of RVO prevalence
in their respective countries, often based on data from 1 region or city.2~" This is the first
synthesis of individual-level data from major population-based studies on RVO, with a
sufficiently large sample to allow more precise estimation by age, sex, and ethnicity. The
studies included had distinguished BRVO and CRVO using standardized retinal photographic
grading; thus, we were able to provide prevalence estimates by subtypes of vein occlusion.
Projected to the world population, approximately 16 million people may have occlusive venous
disease in at least 1 eye. This estimated projection should be interpreted with caution because
we did not have estimates of RVO from population-based studies in South America or Africa.

In keeping with findings from previous studies,2~ our study found that age is an important
risk factor for RVO.16 This likely reflects an increase in arteriosclerosis and in age-related
vascular (e.g., systemic hypertension)!” and ocular (e.g., glaucoma or increased intraocular
pressure) risk factors.?

Overall, these pooled data show the highest prevalence of BRVO in Asians and Hispanics and
the lowest prevalence in whites, although the overlapping Cls suggest racial/ethnic differences
are not statistically significant. In the MESA,® the only study with 4 racial ethnic groups
examined in 1 study, the crude prevalence of any RVO was similar across whites, blacks,
Chinese, and Hispanics. It is worth noting that in the MESA, sample sizes of each ethnic group
were relatively small, particularly the Chinese subgroup (n=724), and that all participants were
US residents who were free of clinical cardiovascular disease (i.e., generally healthier study
samples). Therefore, the MESA might not be sufficiently powered to detect meaningful ethnic
difference in RVO prevalence and should not be expected to represent different ethnic groups
outside the United States. Other studies of multiple ethnic samples, as a single study, also did
not have sufficient numbers of RVO cases to examine racial/ethnic differences by RVO
subtypes. The higher prevalence of BRVO in some racial/ethnic groups may reflect different
population distributions of RVO risk factors. For example, the prevalence of hypertension and
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uncontrolled hypertension is reported to be higher in Asians!® and Hispanics1? than in whites.
20,21

Strengths of the present study include the uniquely large sample size, inclusion of studies from
different ethnic populations around the world, estimates of RVO subtypes (BRVO and CRVO),
and inclusion of only those studies that used photographic documentation. These data provide
amore precise estimate of the prevalence in the general population because they included RVO
cases of both known, presumably symptomatic, and unknown (undiagnosed) causes. However,
pooling data from many sources has many potential sources of heterogeneity.2? First, there
could be substantial variations in study inclusion criteria, sample selection, and participation
rates. Second, there were differences in methods used to detect and diagnose RVO across
studies, including the use of mydriasis, choice of retinal photographic fields per eye, number
of eyes examined per subject, photographic quality, case definitions (e.g., questionable or old
RVOs), and the exclusion of other ocular pathologies. Third, given that most of the included
studies are of subjects from 1 ethnic group, observed ethnic differences in prevalence should
be interpreted with caution because these differences could be mostly due to differing study
methodologies rather than true ethnic differences. Furthermore, definitions of particular ethnic
group may differ across studies. For example, most studies used self-reported ethnicity,
whereas the Rotterdam study used grand-parental country of birth to define ethnicity. Also, all
of the included Hispanic participants were US residents, whereas the majority of Asian
participants reside in Asian countries. Finally, the 2 studies that have assessed RVO in blacks
have been in America and not Africa.

In conclusion, by using pooled data involving approximately 50,000 participants from the
United States, Europe, Asia, and Australia, our study shows that BRVO affects 4 per 1000
persons and that CRVO affects 0.8 per 1000 persons. On the basis of these rates, projected to
the world population, approximately 16 million adults are affected by RVO. We show that the
prevalence of both BRVO and CRVO increases significantly with age but does not differ by
gender. Possible racial/ethnic differences in the prevalence of BRVO may reflect differences
in the prevalence of RVO risk factors. Understanding the key roles of the principal systemic
and ocular factors, particularly hypertension for both RVO subtypes and glaucoma for CRVO,
across these different populations will be important. Finally, our data suggest the need for
further research to better understand the epidemiology of RVO, which could translate into the
design of appropriate preventive and treatment strategies.
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Figure 1.

Age- and sex-standardized prevalence of CRVO and BRVO by ethnicity. Prevalence rates
shown are per 1000 adults and include data from only those studies that assessed >2 fields of
both eyes for each subject. Prevalence rates have been directly age- and sex-standardized to
the 2008 world population aged >30 years (population data extracted from Ref. 1°). CRVO
(circles); BRVO (crosses); 95% Cls for prevalence estimates (capped vertical lines). BRVO
= branch retinal vein occlusion; CI = confidence interval; CRVO = central retinal vein
occlusion.
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