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Purpose: To describe the prevalence, risk factors, and associations of vitreoretinal interface (VRI) abnor-
malities in a population-based study of older adults.

Design: Cross-sectional analysis of cohort study participants.
Participants: Of the 1149 participants (mean age, 76.1 � 6.9 years) in the 15-year Blue Mountains Eye Study

follow-up examination from 2007 through 2009, 905 (1791 eyes) had gradable time-domain or spectral-domain
OCT scans of the macula from at least 1 eye.

Methods: OCT scans were graded according to the International Vitreomacular Traction Study Group
classification system of VRI abnormalities. Best-corrected visual acuity (BCVA) was recorded.

Main Outcome Measures: Prevalence of VRIs.
Results: Overall, 451 participants showed any VRI abnormality (49.8%). Prevalence of VRI abnormality by

person was: vitreomacular adhesion (VMA), 33.6%; vitreomacular traction (VMT), 1.6%; epiretinal membrane
(ERM), 21.4%; full-thickness macular hole (FTMH), 0.7%; and lamellar macular hole (LMH), 0.7%. Twenty-two
percent of VMAs were focal, and 78% were broad based; 76% of VMTs were focal, and 24% were broad
based. All FTMHs observed were large (>400 mm), with mean aperture size of 573 mm (range, 459e771 mm).
Increased age was associated with higher ERM and lower VMA prevalence (P < 0.001 for both). Pseudophakia
and myopia were associated with ERM (age- and sex-adjusted odds ratios [ORs], 1.48 [95% confidence interval
(CI), 1.01e2.17] and 1.72 [95% CI, 1.05e2.81], respectively). Moderate or severe ERM and FTMH were associ-
ated with worse BCVA of 9.2 Early Treatment Diabetic Retinopathy Study (ETDRS) letters (95% CI, 3.4e15.0
ETDRS letters; P ¼ 0.008) and 26.0 ETDRS letters (95% CI, 10.9e41.1 ETDRS letters; P ¼ 0.001), respectively.

Conclusions: The prevalence of VRI abnormalities is high in older individuals. Epiretinal membrane was
associated with increasing age, pseudophakia, and myopia. Epiretinal membrane and FTMH may account for
significant visual loss in the affected eye. This study provided useful population-based data on the prevalence of
VRI abnormalities in older individuals. Ophthalmology Science 2021;1:100019 ª2021by theAmericanAcademyof
Ophthalmology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Vitreoretinal interface (VRI) disorders, such as epiretinal
membrane (ERM), vitreomacular traction (VMT), vitre-
omacular adhesion (VMA), full-thickness macular hole
(FTMH), and lamellar macular hole (LMH), are commonly
reported abnormalities at the vitreomacular interface, but
their prevalence is unclear. Before the invention of OCT,
these disorders were diagnosed from slit-lamp bio-
microscopy and stereoscopic retinal photographs, which
often missed milder cases of VRI abnormalities.1e3 With
OCT imaging, the vitreoretinal interface can be imaged
directly, and the presence and severity of VRI abnormalities
can be quantified objectively.2,3

A recent meta-analysis of 13 population-based studies1

reported an ERM prevalence of 9.1% (95% confidence
interval [CI], 6.0%e12.2%) based on photographic
ª 2021 by the American Academy of Ophthalmology
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grading. This is a useful estimate, but the true prevalence
is likely to be higher. To date, only a small number of
population-based studies have reported VRI prevalence
based on OCT imaging,1e5 and even fewer on ocular and
systemic associations.4,5 Such data are needed to determine
the public health impact of VRI abnormalities on visual
function. This is particularly relevant given the availability
of surgical and, more recently, nonoperative interventions
such as pneumatic vitreolysis to treat VRI abnormalities.6

Therefore, we aimed to report the prevalence of VRI
abnormalities from a well-characterized population-based
study of older adults, the Blue Mountains Eye Study
(BMES) from Australia.7e9 We also report ocular and sys-
temic associations of VRI abnormalities and their effect on
vision in the affected eye.
1https://doi.org/10.1016/j.xops.2021.100019
ISSN 2666-9145/21
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Methods

Study Population

The BMES is a large population-based cohort study focusing on
vision and eye diseases in an older White population.7e9 At
baseline in 1992, all permanent, noninstitutionalized persons 49
years of age and older were included, with no upper age limit. Of
the 4433 eligible residents, 3654 (81.4%) participated in the BMES
I baseline examination. Participants were followed up at 5-year
intervals for 3 subsequent examinations, with details provided
elsewhere.10 This report focuses on the 1149 participants (56.1% of
survivors) who were re-examined 15 years later (2007e2009) for
the BMES IV.11 This was the first visit at which time-domain (TD)
OCT was available. Spectral-domain (SD) OCT became available
midway through the study.

All 4 BMES examinations were approved by the Western
Sydney Area Health Service’s Human Research Ethics Committees
and the University of Sydney. All participants provided written,
informed consent at each visit. The study adhered to the recom-
mendations of the Declaration of Helsinki.

Definitions of Vitreoretinal Interface Disorders

Vitreoretinal interface abnormalities were defined according to the
OCT-based anatomic classification system recommended by the
International Vitreomacular Traction Study Group published in
2013.12 We classified VMA, VMT, ERM, FTMH, and LMH.

Participants’ pupils were dilated with 0.5% tropicamide and
underwent retinal photography and OCT scanning at each visit.
Thirty-degree stereoscopic color retinal photographs of the macula,
optic disc, and other retinal fields of both eyes were taken obtained
a Zeiss FF3 fundus camera (Carl Zeiss, Oberkochen, Germany).
Details of photographic grading for diabetic retinopathy, age-
related macular degeneration, retinal vein occlusion, and other
retinal lesions performed in the BMES have been reported previ-
ously.10 Two OCT machines were used in the BMES IV: the Carl
Zeiss Stratus TD OCT device and the Carl Zeiss Cirrus SD OCT
device. Most eyes (77.6%) were scanned with the Stratus OCT.
The Cirrus OCT was used later in the study when it became
commercially available for participants who had not yet
undergone OCT examination (22.4% of scanned eyes). For
Stratus OCT imaging, the macular thickness map scan protocol
was used. This protocol consists of 6 linear scans in a spoke
pattern centered at the fovea. The line scans were 6 mm in the
transverse direction, had a 2-mm axial depth, and comprised 512
axial scans each. For Cirrus OCT imaging, the macular cube 200 �
200 combo protocol was used. This protocol consists of a cube
scan centered at the fovea of 6 � 6 mm with a 2-mm axial depth
and comprising 200 � 200 axial scans. A single trained grader
(H.N.) masked to patient details retrieved OCT scans and graded
for VRI abnormalities. Intragrader reliability was excellent, with k
values for VMA, VMT, ERM, FTMH, and LMH of 0.85, 0.94,
0.92, 0.93, and 0.93, respectively.

Measurement of Other Variables

At each visit, participants underwent interviewer-administered and
take-home questionnaires, followed by a general health, vision, and
eye examination. Data on eye-specific conditions, including late
and early aged-related macular degeneration, diabetic retinopathy,
branch and central retinal vein occlusion, cataracts, and previous
cataract surgery, were collected from history and examination.10,11

Autorefraction followed by subjective refraction were performed
and recorded in diopters (D) of spherical equivalent. Best-
corrected visual acuity (BCVA) in Early Treatment Diabetic
2

Retinopathy Study Scale (ETDRS) letters from each eye was
recorded. Myopia was defined in 3 groups as no myopia (>e1 D),
low myopia (e1 to e3 D), and moderate to high myopia (�e3 D).
Hyperopia was defined as more than þ1 D, and emmetropia was
defined as between e1 and þ1 D inclusive.

Clinical measurements included resting blood pressure (systolic
and diastolic) using a mercury sphygmomanometer with appro-
priate cuff size. Self-reported smoking status was recorded into 3
different smoking statuses: never, past, or current (within last 12
months). Presence of diabetes was defined as concurrent use of
hypoglycemic medication or insulin or a fasting blood plasma of
126 mg/dl (7.0 mmol/l) or more.

Statistical Analyses

Participant characteristics were analyzed as follows: for categorical
variables, using Pearson chi-square tests for 2 � 2 tables and Fisher
exact tests for 3 � 2 tables, and for continuous variables, inde-
pendent samples t tests. For disorders with low observed counts,
Fisher exact tests were used instead of Pearson chi-square tests to
investigate person-specific distribution and frequencies.

Associations between person-specific factors and VRI disorders
were analyzed using generalized logistic regression models to ac-
count for correlation between eyes. Because of low numbers, low
and moderate to high myopia were combined. We adjusted for a
maximum of 2 covariates (age and sex) to avoid overfitting and
spurious associations.13 Associations were expressed as age- and
sex-adjusted odds ratios (ORs) and 95% confidence intervals
(CIs). SAS software version 9.4 (SAS Institute) was used for all
analyses.

Results

Of the 1149 BMES IV participants, a total of 244 partici-
pants were excluded from this study, as shown in Figure 1.
The 244 excluded participants comprised 62 participants
who were available only for a phone interview and had no
images taken, 111 participants who declined OCT
examinations, 41 participants who had incomplete OCT
scans, and 30 participants who had missing systemic or
ocular data. This resulted in a total of 905 BMES IV
participants (79%) who were included for cross-sectional
analyses and 1791 eyes. Of the 905 participants, 19 eyes
were omitted because of incomplete (n ¼ 8) or missing (n ¼
11) OCT scans. This did not decrease the number of
included participants because 1 eye from each participant
was still available.

Table 1 shows the characteristics of included and excluded
participants. Participants who were excluded from this
analysis were similar to those included in terms of age, sex,
weight, and diabetes status. Those excluded had slightly
lower systolic blood pressure (144.1 mmHg vs. 148.1
mmHg) and were more likely to be past smokers. The
prevalence of eye conditions among those included and
excluded was similar for diabetic retinopathy, retinal vein
occlusion, age-related macular degeneration, and cataract
surgery. Included participants were slightly more likely to
have moderate to high myopia than those excluded.

Overall, 451 participants had any VRI disorder (49.8%).
The overall prevalence of VRI disorders was as follows:
VMA, 33.6%; VMT, 1.6%; ERM, 21.4%; FTMH, 0.7%;
and LMH, 0.7% (Table 2). The prevalence, when



Figure 1. Flowchart showing the included and excluded participants in the Blue Mountains Eye Study fourth follow-up (BMES IV).
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considered by eye, was lower at 24.8%, 0.9%, 13.6%, 0.4%,
and 0.3%, respectively, for the same VRI abnormalities. The
prevalence of VRI abnormalities was similar for both OCT
machines used (Table 2).
Table 1. Characteristics of Participants Included and Excluded
from Analysis

Characteristics
Included (n [ 905

Participants)
Excluded (n [ 244

Participants)
P

Value

Age (yrs) 76.1 (6.9) 76.5 (6.7) 0.42
Male sex 41.9 42.6 0.83
Blood pressure

(mmHg)
Systolic 148.1 (22.9) 144.1 (22.3) 0.04
Diastolic 79.3 (14.3) 79.5 (14.8) 0.89

Weight (kg) 75.1 (15.1) 76.8 (15.7) 0.21
Diabetes 15.9 14.6 0.62
Smoking
Never 55.9 47.9 0.008
Past 37.8 48.3
Current 6.3 3.8

Best-corrected visual
acuity

Better eye 51.8 (9.4) 51.3 (10.1) 0.57
Worse eye 45.4 (18.1) 43.7 (21.1) 0.32

Myopia
No 86.7 81.7 0.02
Low 10.2 10.5
Moderate to high 8.6 7.8

Diabetic retinopathy 22.5 33.3 0.25
Retinal vein

occlusion
2.7 1.2 0.41

Age-related macular
degeneration

Early 36.2 38.5 0.59
Late 5.7 7.1 0.46

Cataract surgery 31 35.7 0.20*

Data are presented as mean (standard deviation) or percentage, unless
otherwise indicated. Boldface values indicate significance.
*Pearson chi-square test.
Of eyes with VMA, 98 (22%) had focal VMA and 347
(78%) had broad-based VMA. Of eyes with VMT, 13 (76%)
had focal VMT and 4 had broad-based VMT (24%). The
mean vertical height of VMT (from retinal pigment
epithelium to internal limiting membrane) was 270 mm
(range, 186e430 mm). All 7 FTMHs were large (> 400
mm). The mean aperture size of FTMH was 573 mm (range,
459e771 mm).

A strong relationship was found between VRI abnor-
malities and age (Table 2). The prevalence of VMA was
highest in eyes of patients younger than 75 years (34.0%)
and lowest in those older than 85 years (9.0%; P < 0.001
for trend). Conversely, the prevalence of ERM was lowest
in patients younger than 75 years (9.8%), increased to
16.5% in those 75 to 84 years of age, and stayed similar
in those older than 85 years (16.7%; P < 0.001 for trend).
The prevalence of other VRI abnormalities (VMT, FTMH,
and LMH) was similar across the age groups.
Vitreomacular adhesion was more common in men
(29.6%) than women (21.4%; P ¼ 0.002), whereas other
VRI abnormalities did not differ by sex. Bilateral VMA,
VMT, ERM, and FTMH were present in 15.6%, 0.3%,
5.4%, and 0.1% of eyes, respectively. Dual pathologic
features were present in some participants. Among
participants with ERM in one eye, the fellow eye
sometimes showed a dual pathologic feature of VMA
(11.9%), VMT (1.0%), or ERM (25.3%). No participants
showed an ERM in one eye and FTMH or LMH in the
other eye. Vitreomacular adhesion, VMT, and LMH were
not associated significantly with BCVA (Table 2).
However, presence of ERM and FTMH was associated
with worse BCVA of 2.1 ETDRS letters (95% CI,
1.1e2.9 ETDRS letters; P ¼ 0.02) and 26.0 ETDRS
letters (95% CI, 10.9e41.1 ETDRS letters; P ¼ 0.001),
respectively, compared with eyes without these disorders.

The relationship between BCVA and ERM is examined
further in Table 3. Mild ERM was not associated with worse
vision, but moderate to severe ERM was associated with a
3



Table 2. Prevalence of Vitreoretinal Interface Disorders by Eye

Vitreomacular
Adhesion

Vitreomacular
Traction

Epiretinal
Membrane

Full-Thickness
Macular Hole

Lamellar
Macular Hole

By person (n ¼ 905) 33.6 1.6 21.4 0.7 0.7
All participant eyes (n ¼ 1791) 24.8 0.9 13.6 0.4 0.3
By OCT type
Stratus OCT (n ¼ 1390) 24.2 0.9 13.5 0.4 0.4
Cirrus OCT (n ¼ 401) 26.9 1.0 14.0 0.3 0.3
P value 0.35 0.93 0.80 0.57 0.71

By age (yrs)
< 75 34.0 0.9 9.8 0.4 0.4
75e84 20.3 1.2 16.5 0.3 0.3
> 85 9.0 0.4 16.7 0.9 0.4
P value <0.001 0.49 <0.001 0.62 0.88

By sex
Male 29.6 0.9 14.9 0.3 0.3
Female 21.4 1.0 12.6 0.5 0.4
P value 0.002 0.96 0.22 0.50 0.66

By laterality
Bilateral 15.6 0.3 5.4 0.1 0.0

Best-corrected visual acuity (ETDRS letters)
Present 50.0 (48.8e51.2) 47.4 (41.9e53.0) 47.2 (45.5e49.0) 23.1 (7.2e39.0) 37.1 (24.6e49.5)
Absent 48.9 (47.7e50.2) 49.0 (48.2e49.8) 49.3 (48.4e50.1) 49.1 (48.3e49.9) 49.0 (48.2e49.8)
P value 0.06 0.59 0.02 0.001 0.06

ETDRS ¼ Early Treatment Diabetic Retinopathy Study.
Data are presented as % or % (95% confidence interval), unless otherwise indicated.
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9.2-ETDRS letter (95% CI, 3.4e15.0 ETDRS letters; P ¼
0.008) reduction in BCVA compared with eyes with no
ERM. The prevalence of mild to moderate ERM was 3.1%
in all participants and 2.0% in all participant eyes.

We further examined the association of ocular and sys-
temic risk factors with prevalent VRI abnormalities,
adjusting for age and sex (Table 4). In addition to age and
sex, presence of pseudophakia was associated with higher
odds of ERM (OR, 1.48; 95% CI, 1.01e2.17), but not
with VMA. Low myopia was associated with higher odds
of ERM (OR, 1.72; 95% CI, 1.05e2.81), but lower
likelihood of VMA (OR, 0.51; 95% CI, 0.31e0.81).
Blood pressure, smoking, diabetes, diabetic retinopathy,
retinal vein occlusion, and age-related macular degenera-
tion were not associated with either ERM or VMA in this
study (Table 4). The mean age, sex, prevalence of diabetes,
myopia, and pseudophakia did not differ between those with
TD OCT and SD OCT imaging.
Table 3. Vision and Severity of Epiretinal Membrane
Analyzed by Eye

Epiretinal
Membrane
Severity No. (%)

Mean Best-Corrected
Visual Acuity

(95% Confidence Interval)*
P Value

(vs. None)

None 1558 48.9 (48.0e49.8) Reference
Mild 207 48.1 (46.5e49.6) 0.35
Moderate
and severe

35 39.7 (33.0e46.4) 0.008

*Early Treatment Diabetic Retinopathy Study letters.

4

Discussion

This study reports the prevalence of OCT-diagnosed VRI
abnormalities in a population of older adults. A high
prevalence of VRI abnormalities was found, with VMA
present in 33.6% of participants, VMT in 1.6%, ERM in
21.4%, FTMH in 0.7%, and LMH in 0.7%. Only a small
number of population studies have reported OCT-defined
prevalence of VRI abnormalities. The VRI disorder prev-
alences reported here from the BMES are most comparable
with those reported from the Beaver Dam Eye Study (n ¼
1540),3 which had a similar age profile (mean age, 74.1
years compared with 76.1 years in the BMES) and
methodology. The Beaver Dam Eye Study3 found a
similar prevalence of VMT (1.6%) and FTMHs (0.4%), a
somewhat lower prevalence of VMA (26.0%), and a
higher prevalence of ERM (34.1%) and LMH (3.6%).
The Northern Ireland Cohort for the Longitudinal Study
of Ageing (NICOLA) Study5 (n ¼ 3351; subsample, n ¼
1481) with a younger participant group (mean age, 62
years) reported a lower prevalence of VMA (22.6%),
VMT (0.5%), ERM (7.6%), and macular holes (FTMH,
LMH, and pseudomacular holes together; 0.3%). The
Alienor Study14 (n ¼ 610) in France reported an ERM
prevalence of 52.8% in an older population (mean age,
79.4 years), whereas the Gutenberg Health Study4 (n ¼
1890) in Germany (mean age, 58.8 years) reported a
much lower ERM prevalence of 4.7%, FTMH prevalence
of 0.1%, and LMH prevalence of 0.6%. In China, the
Handan Eye Study15 (n ¼ 6565; mean age, 51.2 years),
using a combination of OCT and color fundus
photographs, reported a low ERM prevalence of 3.4%,



Table 4. Risk Factors Associated with Epiretinal Membrane and
Vitreomacular Adhesion, Eye-Specific Analyses

Age- and Sex-Adjusted Odds Ratio
(95% Confidence Interval)

Epiretinal Membrane Vitreomacular Adhesion

Age 1.03 (1.01e1.05) 0.92 (0.90e0.94)
Male sex 1.22 (0.90e1.67) 1.54 (1.18e2.02)
Blood pressure (mmHg)
Systolic 1.00 (0.99e1.01) 1.00 (0.99e1.01)
Diastolic 1.01 (0.99e1.02) 1.01 (0.99e1.02)

Smoking
Past 1.08 (0.77e1.51) 1.11 (0.83e1.48)
Current 1.41 (0.73e2.71) 1.07 (0.59e1.94)

Diabetes 0.68 (0.43e1.08) 0.80 (0.55e1.17)
Diabetic retinopathy 1.58 (0.75e3.34) 0.60 (0.25e1.45)
Retinal vein occlusion 1.04 (0.42e2.60) 1.40 (0.65e3.04)
Pseudophakic 1.48 (1.01e2.17) 0.75 (0.52e1.07)
Age-related macular

degeneration
Early 0.96 (0.67e1.37) 0.98 (0.73e1.36)
Late 0.96 (0.42e2.20) 1.46 (0.74e2.90)

Myopia
Low 1.72 (1.05e2.81) 0.51 (0.31e0.81)
Moderate to high 0.86 (0.35e2.13) 0.46 (0.20e1.03)
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whereas the Jiangning Eye Study16 (n ¼ 2005; mean age
not published, but in participants were older than 50
years), also using a combination of OCT and color
fundus photographs, reported an ERM prevalence of
8.4%. The Beijing Eye Study17 (n ¼ 3468; mean age,
64.3 years) found a comparable VMT prevalence of
2.4%. Differences in age and ethnicity distribution likely
account for much of the different VRI disorder
prevalence rates reported. A number of studies have
reported VRI disorder prevalence based on photographic
grading,7,18e24 including the BMES, which reported a
prevalence of 7%.7 Photographic estimates of ERM
prevalence range from 2.8% to 28.6%, with a recent
meta-analysis reporting a pooled prevalence of 9.1%.1

Our results and others show that photographic grading
may underestimate ERM prevalence by 2- to 3-fold
compared with OCT grading.

In addition to VRI prevalence, we recorded the size of
VMA, VMT, and FTMH according to guidelines published
by the International Vitreomacular Traction Study Group.12

Most VMAs (78%) were broad based (>1500 mm), whereas
most VMTs (76%) were focal (� 1500 mm). The only other
study to report size of VRI abnormalities was the Gutenberg
study,4 which reported similar distribution of focal versus
broad-based VRI abnormalities. A novel finding in our
study is that mean VMT height from the retinal pigment
epithelium to internal limiting membrane was 270 mm. All 7
FTMHs in our study were large (>400 mm), with a mean
aperture size of 573 mm. The NICOLA study5 likewise
reported that all 2 FTMHs found in that study were large.
These findings suggest that large FTMHs are considerably
more common than small or medium macular holes in the
general population.
Epiretinal membrane was associated strongly with
increasing age, a relationship that also has been reported in
most other studies of ERM.1 This is likely related to the
onset of posterior vitreous detachment (PVD), a trigger for
ERM formation.25,26 In this context, it is interesting that
our study observed that prevalence of ERM plateaued at
74 to 85 years of age, with a stable prevalence in those
older than 85 years. This suggests that PVD evolution is
essentially complete by 85 years of age, an observation
supported by the Beijing Eye Study, which also found a
plateau in PVD prevalence by age 80 years and older.17

The low prevalence of VMA (signifying incomplete PVD)
in those 85 years of age and older in our study also
supports this proposition. Pseudophakia and myopia were
associated with presence of ERM, as has been reported in
the NICOLA Study,5 Alienor Study,14 Beaver Dam Eye
Study,3 Gutenberg Study,4 and other studies.7,19,21 This is
consistent with the role of PVD in ERM formation,
because both pseudophakia and myopia are associated
with PVD, which then leads to ERM.27 Similarly, myopia
was associated with lower prevalence of VMA, likely
because of higher rates of PVD with myopia.

Male sex was associated with VMA. A similar result was
reported in the NICOLA Study,5 Alienor Study,28 and
Beijing Eye Study.17 The reasons for this are unclear, but
may be related to lower levels of hyaluronic acid in
women, leading to earlier PVD.29 Vitreomacular adhesion
also has been hypothesized to be associated with age-
related macular degeneration30,31 through possible direct
traction or effects on diffusion of oxygen and growth
factors. More recent studies,28,32 including the current
study, found no evidence to support this hypothesis.

Our results highlight the impact of VRI abnormalities
on visual function. Although VMA, VMT, and LMH
were not associated with BCVA, ERM and FTMH were
associated significantly with poorer BCVA. Mild ERM
did not affect BCVA significantly, but moderate to se-
vere ERM was associated with 9.2 ETDRS letters (2
lines) worse vision. Full-thickness macular hole showed
the most impact on vision and reduced BCVA by 26
ETDRS letters (5 lines). These results show that VRI
abnormalities significantly affect vision, and at a preva-
lence of 3.1% for moderate to severe ERM and 0.7% for
FTMH, VRI abnormalities represent an important
contributor to vision impairment among older adults.
This is particularly relevant because surgical vitrectomy
may be able to restore vision in many patients with these
conditions.

This study has several strengths including a moderately
large sample size from a well-established and well-
characterized cohort and relatively high participation rate
of 79%. Excluded and included participants were similar,
improving the generalizability of the findings. To the best of
our knowledge, this study is one of the first to perform a
complete evaluation and documentation of VRI disorder
parameters according to International Vitreomacular Trac-
tion Study Group criteria12 and to include impact on vision.
Some limitations should be considered. First, 2 OCT
machines were used in the study. Time-domain OCT has
5
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lower resolution than SD OCT, but accuracy for detecting
all VRI abnormalities is reported to be similar for both
machines, except for ERM, which is underestimated by TD
OCT.33 The possibility exists that use of TD OCT may have
underestimated the prevalence of ERM, but we believe this
is unlikely, because the prevalences of all VRI abnormalities
including ERM were similar across both machines, and
therefore, results were combined to obtain the reported
estimates. These estimates are similar to those of other
studies using SD OCT as described earlier. Second, the
study is a cross-sectional survey of a cohort. Survival bias
also may have affected the findings; for example, if patients
who smoked and harbored VRI abnormalities showed
higher mortality from smoking and hence were not sur-
veyed, this could account for the lack of association of
smoking with VRI abnormalities. This is unlikely to have
occurred because other surveys in younger participants have
6

not reported an association of smoking with VRI disorder
prevalence.1,5

In conclusion, this report found a high prevalence of
VRI abnormalities diagnosed from OCT. Increasing age
was associated strongly and positively with ERM and was
associated inversely with VMA. Most VMAs were broad
based, whereas most VMTs were focal. All FTMHs
detected in this study were large. Presence of ERM and
FTMH were associated significantly with worse visual
acuity. These findings are useful for estimating the
prevalence of VRI abnormalities and their effects on vi-
sual function in older adults.
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