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Abstract

Purpose—To describe the prevalence of and risk factors for epiretinal membrane (ERM) in a
multi-ethnic population and to evaluate possible racial/ethnic differences.

Design—Cross-sectional study.

Participants—~Participants of the Multi-Ethnic Study of Atherosclerosis (MESA), examined at
the second visit of the MESA when retinal photography was performed.

Methods—Data on 5960 participants aged 45 to 84 years from MESA, including white, blacks,
Hispanic and Chinese from six United States communities, were analysed. ERM was assessed
from digital non-stereoscopic fundus photographs and defined as cellophane macular reflex
(CMR) without retinal folds or pre-retinal macular fibrosis (PMF) with retinal folds. Risk factors
were assessed from standardized interviews, clinical examinations, and laboratory investigations.

Main outcome measures—ERM prevalence by ethnic/racial group, and risk factors associated
with ERM.

Results—The prevalence of any ERM was 28.9%, of which 25.1% were CMR and 3.8% were
PMF. The prevalence of ERM was significantly higher in Chinese (39.0%), compared to
Hispanics (29.3%), whites (27.5%), and blacks (26.2%), p<0.001. In multivariable models,
increasing age (odds ratio [OR] 1.19, 95% confidence intervals [CI], 1.06, 1.34, per year increase
in age), diabetes (OR 1.92, 95% ClI, 1.39, 2.65) and hypercholesterolemia (OR 1.33, 95% Cl, 1.04,
1.69) were significantly associated with CMR.
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Conclusions—This study showed that ERM was significantly more common in Chinese persons
compared to whites, blacks and Hispanics. Risk factors for epiretinal membrane were increasing
age, presence of diabetes and hypercholesterolemia.

It has been estimated that about 30 million people in the United States have epiretinal
membranes (ERM) in at least one eye.l ERM involving the macular or peri-macular regions
can cause visual impairment, metamorphopsia, micropsia and occasionally monocular
diplopia. The early form of ERM, termed cellophane macular reflex (CMR), is usually
asymptomatic whereas the more severe form, known as pre-retinal macular fibrosis (PMF),
may be associated with vision loss.?

In recent years, studies among different ethnic groups have provided population-based
prevalence data on ERM, ranging from 2.2 to 18.5%.179 It has been suggested that the
prevalence of ERM is lower in Asians compared to that in Caucasians.® For example,
McCarty et al® reported that the age-standardized ERM prevalence was lower in a Japanese
(2.8%)° than in whites (5.1-9.1%).1: 2 4 5 The Beijing Eye Study’ and Handan Eye Study?
also reported a relatively low prevalence of ERM in Chinese (2.2% and 3.0% respectively).
In the Funagata Study among Japanese persons,? and the Singapore Malay Eye Study,8
ERM was defined from photographs graded using the same protocols and graders as in the
Blue Mountains Eye Study.? After age-standardization, the prevalence of ERM was higher
in Asian Malays but similar between Japanese and whites. Reasons for such variability
between the different racial/ethnic groups are unclear, but could be related to different study
designs, sampling methodology, different photography methods, and different rates of
detection and definition of ERM, especially when the earliest stages are present. Thus,
whether there is indeed a racial/ethnic difference in prevalence of ERM remains unclear.

Despite much effort in clinical and laboratory research, the pathogenesis of ERM remains
incompletely understood. While ERM is known to be associated with ocular diseases (e.qg.,
diabetic retinopathy, retinal vein occlusion, retinal detachment) and surgery (e.g., post
cataract surgery), most ERM occurs in people without clinical evidence of these eye
conditions and is usually classified as idiopathic. Existing studies provide little consistent
evidence regarding possible risk factors, other than age, for idiopathic (primary) ERM.1™* In
this study, we report the prevalence and risk factors for ERM in a multi-ethnic population in
the United States and describe racial/ethnic differences.

METHODS

Study Population

The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective cohort study of men
and women aged 45 to 84 years without a history of clinical cardiovascular disease, sampled
from six United States communities. Details of the methodology have been described
elsewhere.11714 In brief, a total of 6814 participants recruited underwent a baseline
examination (July 2000 to August 2002). Of these, 6176 returned for a second examination
and had retinal photographs taken (August 2002 to January 2004). Among those, there were
216 photographs of insufficient quality for grading of CMR or PMF, leaving 5960 for
analysis.

The tenets of the Declaration of Helsinki were observed, and institutional review board
approval was granted at each study site. Written informed consent was obtained from each
participant. All procedures followed were in accordance with institutional guidelines.

Ophthalmology. Author manuscript; available in PMC 2012 April 1.
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Retinal Photography and Grading

Retinal photography was performed at each site using a standardized protocol.12-15
Participants were seated in a darkened room and both eyes were photographed using a 45-
degree non-mydriatic digital camera. Two photographic fields, centered at the optic disc and
macula, were taken from both eyes.

All images were evaluated by research staff at the Fundus Photograph Reading Center, the
University of Wisconsin, Madison, who were trained to assess retinal photographs according
to standardized protocols and masked to participants’ characteristics. ERM was graded
according to a standardized protocol. The first or earlier stage of ERM was defined as the
presence of CMR only, a patch or patches of irregular increased reflection from the inner
surface of the retina. The second or later stage of ERM was defined as the presence of PMF,
characterized as thickening and contraction of the membrane, with opaque or gray colored
superficial retinal folds or traction lines. Any ERM was defined as the presence of CMR or
PMF in either or both eyes. Participants with both CMR and PMF were classified as having
PMF. Bilateral ERM (CMR or PMF in both eyes) was determined from those with gradable
photographs from both eyes. ERM was also classified as primary (idiopathic) or secondary.
The latter was defined as any ERM present in eyes with other ocular conditions known to be
associated with ERM, including retinal vein occlusion, diabetic retinopathy, retinal
detachment or post cataract surgery state. ERM was considered to be primary if these
conditions were not present in the eye assessed.

Other data was also obtained from fundus photographs, including grading of retinal vascular
caliber, which was measured by a computer-based program (IVAN, University of
Wisconsin, Madison), and grading of age-related macular degeneration using the modified

Wisconsin Age-Related Maculopathy Grading System, as described in detail elsewhere.12~
16

Refraction was determined by non-cycloplegic refraction using an Autorefractor (NIDEK
ARK-760; NIDEK Co Ltd, Tokyo, Japan). For each eye, a minimum of three separate
measurements were obtained and averaged. From these, the spherical equivalent of each eye
was computed as the mean sphere measurement and one half of the mean cylinder
measurement. Myopia was defined as spherical equivalent <-1.00 and hyperopia was
defined as spherical equivalent >+1.00. Visual impairment was defined as visual acuity
<20/40 and blindness was defined as visual acuity <20/200.

Assessment and Definitions of Risk Factors

All participants underwent standardized interviews, clinical examinations, and laboratory
investigations for the assessment of systemic risk factors, as described in detail elsewhere.
11-13, 16 Hypertension was defined as systolic blood pressure >140 mmHg, diastolic blood
pressure =90 mmHg, or current use of antihypertensive medications. Diabetes mellitus was
defined as fasting glucose >7.0 mmol/L (126 mg/dL) or use of insulin or oral hypoglycemic
medication. Hypercholesterolemia was defined as fasting cholesterol >240mg/dL,
hypertriglyceridemia as fasting triglyceride of 2200mg/dL and homocystinemia as
homocystine level of >12 umol/L. A detailed questionnaire was used to obtain information
about medical (e.g., hypertension, diabetes) and ocular (e.g., cataract surgery) history,
cigarette smoking, alcohol consumption, and medication use. Fasting blood samples were
drawn and blood parameters analyzed following standardized protocols.16: 17

Statistical Analysis

The age-specific prevalence of CMR, PMF, and any ERM (CMR or PMF) were determined
for all participants and by ethnicity. They were compared to those from previous population-

Ophthalmology. Author manuscript; available in PMC 2012 April 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ng et al.

RESULTS

Participants

Page 4

based studies after direct age-standardization using the world population aged 40 years or
older by the World Health Organization as a reference population.18 ERM and its subtypes
(CMR or PMF) were analyzed as binary outcome variables (present versus absent). Risk
factors were analysed as present versus absent for binary traits (e.g., hypertension) and
categorized based on above 80% cut off or any biologically meaningful cut off. Chi-square
tests were used to compare the prevalence rates of ERM between gender and ethnic groups.
We used log-likelihood test for trend to assess the linear influence of age on ERM
prevalence. Logistic regression models were used to estimate odds ratios (OR) for primary
CMR or PMF for each potential risk factor, adjusting for age, gender, ethnicity and study
centre. In multivariable-adjusted analysis, a parsimonious model was constructed for
primary ERM that includes independent risk factors with simultaneous adjustment for age,
gender, ethnicity and study centre, smoking and diabetes only. All analyses were performed
in SPSS version 16.0.1 (SPSS Inc, Chicago, IlI).

MESA participant characteristics have been previously presented.1# 16 In summary, from
6814 participants recruited at baseline, 6176 participated in the follow-up visit, when retinal
images were obtained. Of 6176 participants, 5960 had gradable photographs for ERM. Of
the 5960 participants, 39% were white, 27% black, 22% Hispanic, and 12% Chinese. The
mean age of participants was 63.2 years (whites 63.8 years, Chinese 63.2 years, blacks 63.0
years, Hispanics 62.4 years; overall p from one way analysis of variance = 0.001). In pair
wise comparison, only Hispanic participants were significantly younger than white
(p<0.001) and black participants (p=0.03). Of the 854 non-participants, 276 (32.3%) were
white, 289 (33.8%) black, 194 (22.7%) Hispanic, and 95 (11.1%) Chinese. The mean age of
non-participants was 67.1 years (whites 67.1 years, blacks 65.9 years, Hispanics 64.7 years
and Chinese 68.4 years).

Compared to non-participants, participants were more likely to be younger (63.2 versus 67.1
years, p<0.001), more likely to be male (47.9% versus 42.3%, p = 0.002) and white (39.4%
versus 32.3%, p<0.001), but less likely to be black (27.2% versus 34.6%, p<0.001).
Participants were also less likely to have a history of diabetes (14.4% versus 22.6%,
p<0.001) and hypertension (43.7% versus 52.8%, p<0.001).

Prevalence of Epiretinal Membranes

In our study population, signs of any ERM were present in 28.9% (1722 of 5960)
participants; 35% of these were bilateral. CMR was present in 25.1% and PMF in 3.8% of
participants. Table 1 (available at http://aaojournal.org) details the prevalence of ERM by
age group, gender, and ethnic group. The prevalence of all types of ERM increased
significantly with age (p for trend <0.001), but did not differ between women and men after
age adjustment.

Among the different ethnic groups, prevalence of any ERM and primary ERM was
significantly higher in Chinese (p<0.001), compared to Hispanics, whites, and blacks. This
higher prevalence rate of ERM in Chinese remains significant in pair wise comparison with
each of the other ethnic categories (all p<0.001).

Prevalence of primary ERM among 4761 participants without known ocular risk factors was
26.1%, while prevalence of secondary ERM among 1199 participants with known ocular
risk factors was higher at 40.1%. The prevalence of secondary PMR was significantly higher
in Chinese (p<0.001) compared to other races.

Ophthalmology. Author manuscript; available in PMC 2012 April 1.
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The prevalence of secondary ERM, CMR and PMF by cause is listed in Table 2. Among
eyes with potential causative factors, ERM were most prevalent in eyes with a history of
cataract surgery (50.2% had ERM) and retinal detachment (1 of 2), followed by eyes with
retinal vein occlusion (38.1%), and diabetic retinopathy (33.3%).

Factors Associated with Idiopathic Epiretinal Membranes

Table 3 outlines risk factors investigated for primary ERM. Being Chinese-American was
consistently associated with higher prevalence of primary CMR and PMF, while being black
was associated with lower prevalence of primary PMF. Increasing age was significantly
associated with increasing prevalence of primary ERM. Persons with diabetes (in the
absence of diabetic retinopathy) were also more likely to have primary CMR and PMF after
adjusting for age, gender, ethnicity, and study center, than persons without diabetes. After
further adjusting for diabetes status and history of smoking, hypercholesterolemia was
significantly associated with increased prevalence of primary CMR only; and narrower
arteriolar caliber was significantly associated with increased prevalence of primary PMF
only. There were no significant associations of myopia, hyperopia, hypertension,
hypertriglyceridemia, homocystinemia, arteriovenous nicking, and age-related macular
degeneration with primary CMR or PMF. The proportions with visual impairment (20/40 or
worse) were similar between eyes with ERM (12.7%) and those without ERM (12.3%,
p=0.68).

Table 4 (available at http://aaojournal.org) summarizes the age-standardized prevalence
rates of ERM in ten population-based studies to date (including the current study).

DISCUSSION

Our study found a nearly 28.9% prevalence of ERM in the MESA population (age-
standardized prevalence 22.7%, confidence interval 21.5-23.8%), substantially higher than
previously reported in any other study (see Table 4, available at http://aaojournal.org). Other
population studies have reported prevalence rates ranging from 6.0-11.8% in whites,1: 2
18.0% in Hispanics,* 2.2-3.0% in Chinese, 4.0-5.4% in Japanese,® 9 and 7.9% in Malays.?
To our knowledge, our study is the first study to report the prevalence of ERM in blacks;
and to directly compare racial/ethnic differences in ERM prevalence within the same study
cohort.

The prevalence of ERM varies across studies, and comparison of these is problematic, given
the variability in methods and protocols for grading and defining ERM (Table 4, available at
http://aaojournal.org). The grading of ERM in the current study (MESA, from digital
photographs), the Beaver Dam Eye Study? (30 degree film stereoscopic), and the Los
Angeles Latino Eye Study? (30 degree film stereoscopic), were all performed in the same
grading center at The University of Wisconsin, Madison, USA, over nearly a twenty year
period. The grading of ERM in the Blue Mountains Eye Study? (30 degree film
stereoscopic), the Funagata Eye Study?® (45 degree film stereoscopic), and the Singapore
Malay Eye Study® (digital photographs), were all performed in the same grading center at
the Centre for Vision Research, University of Sydney, Australia. A greater variation in the
prevalence of CMR than the variation in the prevalence of PMF across these studies
suggests possible systemic differences in the grading of CMR.

However, we are able to make valid comparisons between the four racial/ethic groups
reported within our study. We found that Chinese participants had a higher prevalence of
ERM across all ERM subgroups (any ERM, CMR, PMF; primary ERM, CMR PMF; and
secondary PMF) compared to other races investigated in our study. Figure 1a-h (available at
http://aaocjournal.org) illustrates examples of CMR and PMF seen in each racial/ethnic group

Ophthalmology. Author manuscript; available in PMC 2012 April 1.
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in our study. While it is possible that in some eyes, strong normal retinal reflex especially in
Asians, might be misclassified as CMR, over-grading of PMF is highly unlikely, given that
retinal folds or traction lines are essential diagnostic criterion. Interestingly, the Singapore
Malay Eye Study,8 using the same grading center and identical protocol to the Blue
Mountains Eye Study,? also reported that ERM prevalence was significantly higher in Asian
Malays than white participants of the Blue Mountains Eye Study. It is not clear what factors
explain these racial/ethnic differences.

Not surprisingly, increasing age was significantly associated with idiopathic ERM. This has
been reported by numerous studies in the past.l: 2 479 As shown in Table 3, diabetes, in the
absence of diabetic retinopathy, was significantly associated with primary CMR (OR 1.92,
Cl 1.39 to 2.65) and PMF (OR 3.17, CI 1.26 to 8.00). This is consistent with findings in
other studies.? °

Previous studies have reported inconsistent associations between primary ERM and risk
factors such as hypercholesterolemia® and retinal vascular changes including arteriovenous
nicking® and narrower arteriolar diameter.8 Our study found history of smoking,
hypercholesterolemia, focal arteriolar narrowing, and narrower arteriolar diameter, to be
associated with primary CMR and/or PMF when adjusted for age, gender, and ethnicity.
Hypercholesterolemia and narrow arteriolar diameter remained significantly associated with
primary CMR and PMF respectively, after further adjustment for other covariates. Our study
and several others!: 6: & have described interesting but inconsistent associations between
primary ERM and cardiovascular risk factors apart from diabetes. It is possible that the
presence of PMF affects retinal caliber, due to traction from the membranes. The
pathophysiological mechanisms for the association with hypercholesterolemia is not clear.
Given the number of risk factors analyzed, the possibility of a chance finding cannot be
excluded.

There are a number of limitations in our study. First, we were not able to assess some risk
factors previously reported in other studies, (e.g., posterior vitreous detachment).1® ERM
was diagnosed based on retinal photographic grading only. The study did not collect
comprehensive data on all ocular pathology and therefore some secondary ERM could have
been misclassified as primary. Secondly, our study is subject to the limitations of a cross-
sectional design and smaller sample size in specific racial/ethnic groups after racial/ethnic
break down.

In conclusion, this study describes a relatively high frequency of ERM and shows
differences in ERM prevalence among four different racial/ethnic groups in the United
States. Our findings highlight the possibility of a racial/ethnic predilection for ERM, with all
subtypes of primary and secondary ERM prevalence being significantly higher in Chinese
compared to whites, blacks and Hispanics. Consistent with previous studies, age and
diabetes were significant risk factors for the presence of primary ERM. In addition to this,
hypercholesterolemia was also found to be significantly associated with ERM.
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Table 2

Prevalence of Secondary Epiretinal Membrane by Cause in the Multi-Ethnic Study of Atherosclerosis
population.

Secondary cause N (eyes)* Any ERMn (%) CMRnN (%) PMFn (%)
Cataract surgery 600 301 (50.2) 255 (42.5) 46 (7.7)
Diabetic retinopathy 661 220 (33.3) 188 (28.4) 32 (4.8)
Retinal vein occlusion 42 16 (38.1) 12 (28.6) 4 (9.5)
Retinal detachment 2 1(50.0) 0 1(50.0)

ERM: epiretinal membrane; CMR: cellophane macular reflex; PMF: pre-retinal macular fibrosis

*
Reported number of eyes with secondary ERM is higher than 1199 as some eyes have more than one cause
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