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Abstract

Purpose To characterize the type, and the
causes of visual impairment (VI) in various
stages of early and late age-related macular
degeneration (AMD) and the factors
associated with visual impairment in subjects
with AMD
Methods 6617 subjects ≥ 60 years were
enumerated; 5495 (83.04%) participated in eye
examination. Of which, 4791 subjects had
gradable fundus images. AMD was graded per
International ARM Epidemiological Study
Group. Subjects underwent detailed
ophthalmic exam. VI was defined per the
WHO classification. Mild VI was defined as
VA less than 6/12 to 6/18, moderate VI–VA
less than 6/18 but up to 6/60, severe VI–VA
less than 6/60 but up to 3/60 and legal
blindness–VA worse than 3/60. Factors
associated with VI in AMD was analyzed with
univariate and logistic regression analysis.
Results Nine hundred and eighty-eight
subjects were identified as having AMD (893
with early AMD and 95 with late AMD); 85%
of the subjects (95% CI: 82.7–87.1) had no VI,
13.1% had mild VI (95% CI: 11.1–15.3), 0.8%
had severe VI (95% CI: 0.4–1.6), 1.1% had
legal blindness (95% CI: 0.6–1.9). Prevalence
of any VI was 13.7% in early AMD and 27.4%
in late AMD, P= 0.0004; age group 65–70
years (OR= 1.89, 95% CI: 1.16–3.08, P= 0.011),
and those ≥ 75 years (OR= 3.67, 95% CI: 1.95–
6.91, P= 0.0001) had greater odds of VI
compared with age group 60–64 years. Male
gender was a protective factor for VI
(OR= 0.57, CI: 0.36–0.90, P= 0.016). Cataract
(31.8%) and refractive error (28.4%) accounted
for a majority of the VI.
Conclusions Cataract and refractive error
account for a significant proportion of VI in
the south Indian population with AMD. Early
AMD is the third leading cause of VI. Greater

age and female gender are associated with VI
in subjects with AMD.
Eye (2017) 31, 846–855; doi:10.1038/eye.2017.72;
published online 26 May 2017

Introduction

Age-related macular degeneration (AMD) in its
late stage is the most common cause of adult
blind registration in many developed countries,1–4

with the prevalence of visual loss due to AMD
being higher from 70 years of age.5–7 The INDEYE
study observed that all cases of advanced AMD
were visually impaired with visual acuity (VA)
worse than 6/24.8 In a hospital-based study in
Maharashtra, west India, the prevalence of legal
blindness (VA worse than 3/60) was 4.2% in
AMD.9 Although previous studies conducted in
the Indian population have reported visual
impairment, there is lack of sufficient information
regarding the burden of visual impairment (VI) in
various sub-types or lesions of AMD. In our
previous study,10 we reported age- and gender-
adjusted prevalence of early AMD to be 20.91 and
16.37% in the rural and urban populations,
respectively and the prevalence of late AMD as
2.26 and 2.32% in the rural and urban
populations, respectively. In the present study, we
intended to characterize the type, and the causes
of visual impairment in various stages of early
and late AMD and the factors associated with
visual impairment in subjects with AMD.

Materials and methods

Sankara Nethralaya: Rural-Urban Age-related
Macular Degeneration study (SN-RAM study), a
population-based cross-sectional study, was
conducted in south India between 2009 and
2011. The study was approved by the
institutional review board and a written consent
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was obtained from all the participating subjects per the
Declaration of Helsinki.

Study participants

The study design and methodology has been described
earlier.10 Briefly, a total of 6617 people (rural (n= 3904)
and urban (n= 2713)) were enumerated. Of which, 5495
(83%) participated in the study for eye examination; after
excluding those who did not have retinal photographs
and those with ungradable images, 4791 subjects were
included in this study.

Clinical examination protocol

A detailed history, including data on demographic,
socioeconomic, and ocular history, was obtained from all
patients at the base hospital in the urban arm and in a
customized mobile examination unit in the rural arm. The
socioeconomic status (SES) was assessed using a multiple
index questionnaire and the scoring was characterized as
low (score, 0–14), middle (score, 15–28), and high (score,
29–42). A detailed questionnaire was administered
regarding the medical history, smoking, tobacco and
alcohol consumption history, educational and occupational
history. The blood pressure (BP) was recorded in the sitting
position, in the right arm to the nearest 2 mm Hg using the
mercury sphygmomanometer (Diamond Deluxe BP
apparatus, Pune, India). Two readings were taken, 5 min
apart, and their mean was taken as the BP.11

Diagnostic criteria for Diabetes

Known diabetes if they were using hypoglycemic drugs,
either oral or insulin or both along with dietary
recommendations.

Provisional diabetes if fasting blood glucose was
≥ 110 mg/dl done twice in new asymptomatic subject.

Newly diagnosed diabetes all individuals with provisional
diabetes underwent oral glucose tolerance test for
confirmation.
First step was screening at the household: capillary

blood glucose by finger prick using Accutrend Alpha
(Roche Diagnostics) was carried out with a minimum of
8 h of overnight fasting. Second step was confirmatory in
the mobile van in rural and base hospital in the urban
arm, all underwent OGTT, a reading of ≥ 200 mg% was
the cutoff point.
All subjects underwent estimation of fasting blood

glucose by enzymatic assay (Merck Micro Lab 120 semi-
automated analyzer), total serum cholesterol (CHOD-
POD method), high-density lipoproteins (HDL; CHOD-

POD method after protein precipitation), serum
triglycerides (CHOD-POD method), hemoglobin
(calorimetric hemoglobinometer), and packed cell volume
(capillary method).

Ophthalmic examination

All subjects underwent detailed ophthalmic evaluation,
which included assessment of visual acuity and refraction
using modified Early Treatment Diabetic Retinopathy
Study chart (Low Vision Products; LightHouse, New
York, USA), anterior segment examination using a Zeiss
SL 130 (Carl Zeiss, Jena, Germany) slit-lamp, intraocular
pressure measurement using Goldmann applanation
tonometer (Zeiss AT 030; Carl Zeiss Jena, Germany),
and fundus examination using binocular indirect
ophthalmoscope (Keeler Instruments, Broomall, PA,
USA). Grading of lens opacities was performed using the
Lens Opacities Classification System (LOCS III; Leo T.
Chylack, Harvard Medical School, Boston, MA, USA)
by two experienced ophthalmologists. The grading
agreements were as follows: nuclear opalescence
(k= 0.84), nuclear color (k= 0.88), cortical (k= 0.89), and
posterior subcapsular (k= 0.89). Overall, the average
grading agreement was high (k= 0.85).

Visual acuity assessment

Visual acuity was estimated using the modified ETDRS
chart (Light House Low Vision Products, New York, USA).
For those who could not read the English alphabet,
Landolt’s ring test was used. Objective refraction (streak
retinoscope, Beta 200, Heine, Germany) was always
followed by a subjective refraction. If the subject was unable
to read the 4/40 (log MAR 1.0) line, vision was checked at
one meter, and if the subject was still unable to identify any
of the larger optotypes, perception of hand movements was
assessed; if the vision was less than hand movements,
perception of light was tested. Visual impairment (VI) was
defined based on the WHO criteria.12 Mild VI was defined
as visual acuity (VA) less than 6/12 to 6/18, moderate VI
was defined as VA was less than 6/18 but up to 6/60,
severe VI was defined as VA was less than 6/60 but up to
3/60 and blindness was defined as VA worse than 3/60.
Emmetropia was defined as a spherical equivalent

between − 0.50 and +0.50 diopter sphere (DS). Myopia
was defined as a spherical equivalent of less than − 0.50
DS. Hyperopia was defined as a spherical equivalent
of greater than +0.50 DS. Astigmatic correction was
measured in minus cylinder format, and astigmatism was
defined as a cylindrical error less than − 0.50 diopter
cylinder (DC) at any axis.13

Retinal photographs were obtained after pupillary
dilatation (FF450 Fundus Camera; Carl Zeiss). Diabetic
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retinopathy (DR) was graded using the International
Clinical Diabetic Retinopathy Disease Severity Scale. The
grading agreement between the observers was 0.80.
AMD was graded according to the International AMD

Epidemiological Study Group14 and stratified into stages.
The grading agreement, which was done by two
independent observers (retina specialists) in a masked
manner, was found to be 0.62 for early AMD and 0.87 for
late AMD. Early AMD was defined as the presence of
drusen (discrete whitish-yellow spots located external to
the neuroretina or retina pigment epithelium (RPE)) or
drusen with RPE abnormalities (areas of hyper- or
hypopigmentation). Late AMD was defined as the
presence of geographic atrophy of the RPE in the absence
of neovascular AMD or neovascular (wet) AMD (RPE
detachments, which may be associated with neurosensory
retinal detachment, subretinal or sub-RPE neovascular
membranes, epiretinal, intraretinal, subretinal, or
subpigment epithelial scar/glial tissue or fibrin-like
deposits, and subretinal hemorrhages not related to other
retinal vascular disease).
For statistical analysis, we examined the data of eligible

subjects for evidence of AMD. The eye with a diagnosis of
AMD was first chosen. In case of bilateral diagnosis of
AMD, the eye with the ‘worse’ stage of AMD was chosen.
Therefore, one eye of each (eligible) subject was included.
We then examined for proportions of subjects with
various levels of visual impairment defined per WHO
classification in the chosen eye.
All continuous variables were assessed for normality of

distribution. The proportions were examined using a chi-
square test. The associations were examined by univariate
and a step-wise multiple logistic regression analysis.

Results

Prevalence of visual impairment in subjects with AMD

Table 1 shows the prevalence of VI in subjects with AMD.
Of the total 4791 subjects with gradable photographs, 988

subjects had evidence of AMD (893 with early AMD and
95 subjects with late AMD).
Of the 988 subjects with AMD, eight hundred and forty

(85%, 95% CI: 82.7–87.1) subjects had no VI, 129 (13.1%,
95% CI: 11.1–15.3) had mild VI, 8 (0.8%, 95% CI: 0.4–1.6)
had severe VI and the remaining 11 (1.1%, 95% CI: 0.6–
1.9) had legal blindness.

Prevalence of visual impairment in early and late AMD

Table 2 shows the prevalence of visual impairment in
early and late AMD. The proportion of subjects with no
VI was higher in early AMD compared with late AMD
(86.3 vs 72.6%, P= 0.0004).
The prevalence of any VI was 13.7% in early AMD and

was 27.4% in late AMD and the difference was
statistically significant, P= 0.0004. Among those with
visual impairment, a majority of the subjects (87% in the
early AMD group and 88% in the late AMD group) had
mild VI.

Prevalence of visual impairment in sub-types of early
and late AMD

Table 3 shows the prevalence of VI in various sub-types of
early and late AMD. Among those with visual
impairment, a majority of the subjects had mild VI in all
sub-types of early and late AMD. The prevalence of mild
VI ranged from 12 to 14% in early AMD, while that in late
AMD ranged from 16.2 to 29.3%. severe VI ranged from
0.4 to 1.1% in early AMD, and 1.7% in the late AMD. The
prevalence of legal blindness ranged from 0.5 to 1.1% in
early AMD and was 5.4% in late AMD.

Risk factors for visual impairment in AMD

Table 4 shows the risk factors associated with VI in
subjects with AMD with univariate analysis. VI was
significantly higher in age group ≥ 75 years than those
with no VI, (23 vs 13%, P= 0.001); prevalence of VI was
greater in the low SES (67.6 vs 50.2%, P= 0.001). VI was

Table 1 Prevalence of visual impairment in subjects with AMD

Visual acuity status AMD (n= 988)

n % (95% CI)

No VI 840 85.0% (82.7–87.1)
Mild VI 129 13.1% (11.1–15.3)
Severe VI 8 0.8% (0.4–1.6)
Legal blindness 11 1.1% (0.6–1.9)

Abbreviation: VI, visual impairment.
No VI–VA better than 6/18, Mild VI- o6/18-6/60, Severe VI- o6/60-
3/60, Legal blindness- worse than 3/60.

Table 2 Prevalence of visual impairment in subjects with early
and late AMD

Visual impairment
status

Early AMD
(n= 893)
n (%)

Late AMD
(n= 95)
n (%)

P-value

No VI 771 (86.3%) 69 (72.6%) 0.0004
Any VI 122 (13.7%) 26 (27.4%) 0.0004
Mild VI, n 106 23
Severe VI, n 7 1
Legal blindness, n 9 2

No VI–VA better than 6/18, Mild VI- o6/18-6/60, Severe VI- o6/60-3/60,
Legal blindness- worse than 3/60.
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more prevalent among those with slightly lower BMI than
those with higher BMI (22.3 vs 20.9 kg/m2, P=o0.0001)
and in those with slightly lower intraocular pressure (13.2
vs 13.7 mmHg, P= 0.016).
Table 5 shows the risk factors for VI in subjects with

AMD using multiple logistic regression.
When adjusted for SES, systolic and diastolic BP, BMI,

serum lipids, smoking, and tobacco intake, the presence
of cataract, intraocular pressure, presence of DR and

refractive errors, the odds of having VI was higher in the
age groups 65–70 years (OR= 1.89, 95% CI: 1.16–3.08,
P= 0.011) and in those aged ≥ 75 years (OR= 3.67, 95%
CI: 1.95–6.91, P= 0.0001) compared with 60–64 years
of age. Male gender was a protective factor for VI
(OR= 0.57, CI: 0.36–0.90, P= 0.016) compared with female
gender.

Ocular associations (causes) of visual impairment in
AMD

The causes for reduced vision were documented
separately and distinctly by the examining retina
specialist involved in this research study. Even in the
presence of combination of findings, for instance, cataract
and AMD, the cause predominantly contributing to visual
impairment was specifically documented by the
specialist. Cataract, refractive error and early AMD
accounted for 31.8, 28.4, and 21.6% of the causes of VI
in these subjects with AMD, respectively. Myopic
maculopathy, corneal opacity, late AMD and posterior
capsule opacification accounted for 6.8, 3.4, 3.4, and 2.0%
of all causes of VI, respectively. Findings such as DR
ischemic vasculopathy, macular scar, (post) retinal
detachment, retinitis pigmentosa each contributed to 0.7%
to the overall causes of VI in subjects with AMD.

Discussion

We examined the prevalence of and the risk factors for VI
in subjects with AMD in a south Indian population aged
60 years or above. The main findings of our study are that
the prevalence of mild, severe VI and legal blindness in
subjects with AMD was 13.1%, 0.8%, and 1.1%,
respectively. The prevalence of visual impairment is
higher in subjects with late AMD compared with early
AMD. Cataract and refractive error together are
responsible for about 59% of the visual impairment.
About 22% of the VI was attributed to early AMD and
another 3% to late AMD.
A systematic review by Owen et al5 reported on the

studies conducted in populations world-wide that

Table 3 Visual impairment status in sub-types of early and late AMD

No AMD
(n= 3784)

Early AMD (n= 893) Late AMD (n= 95)

Only drusen
(n= 506)

Drusen with
hyperpigmentation (n= 220)

Drusen with hypo
pigmentation (n= 167)

GA
(n= 58)

Wet AMD
(n= 37)

No VI 83.2% 85.0% 84.5% 89.8% 68.9% 78.3%
Mild VI 14.0% 12.0% 14.0% 8.3% 29.3% 16.2%
Severe VI 2.1% 0.7% 0.4% 1.1% 1.7% 0.0%
Legal blindness 0.7% 1.1% 0.9% 0.5% 0.0% 5.4%

No VI–VA better than 6/18, Mild VI- o6/18-6/60, Severe VI- o6/60-3/60, Legal blindness- worse than 3/60.

Table 4 Risk factors for visual impairment in subjects with
AMD using univariate analysis

No VI
(n= 840)

VI (n= 148) P-value

Demographic characteristics
Age, years

60–64 388 (46.2) 49 (33.1) 0.003
65–70 297 (35.4) 64 (43.2) 0.066
71–74 46 (5.5) 1 (0.7) 0.006
≥ 75 109 (13.0) 34 (23.0) 0.001

Gender (n,%)
Men 396 (47.1) 59 (39.9) 0.101
Women 444 (52.9) 89 (60.1)

Diabetes (Yes) 166 (19.8) 20 (13.5) 0.073

Socio economic status (n,%)
High (29–41) 33 (3.9) 3 (2.0) 0.255
Middle (15–28) 385 (45.8) 45 (30.4) o0.0001
Low (0–14) 422 (50.2) 100 (67.6) o0.0001

Systemic factors
Systolic BP, mm Hg 127.9± 17.8 126.5± 19.0 0.279
Diastolic BP, mm Hg 79.7± 9.7 79.3± 10.0 0.798
Body Mass Index 22.3± 4.6 20.9± 4.3 o0.0001

Serum total cholesterol, mg/dl
166.9± 36.8 164.5± 32.5 0.590

Serum triglycerides, mg/dl 106.3± 50.8 104.1± 39.9 0.613

Serum HDL cholesterol, mg/dl
41.9± 11.8 41.8± 10.9 0.872

Ocular factors
Cataract

No cataract 526 (62.6) 101 (68.2) 0.190
Any cataract 314 (37.4) 47 (31.8)

Intraocular pressure 13.7± 2.6 13.2± 2.4 0.016
Presence of any diabetic
Retinopathy

18 (2.4) 1 (0.7) 0.338

Refractive error
Emmetropia 106 (15.6 20 (17.1) 0.685
Myopia 397 (58.5) 63 (53.8) 0.35
Hyperopia 176 (25.9) 34 (29.1) 0.477

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein.
Data represent n(%) or Mean± SD unless specified. Significant P-values in
bold and italics.
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examined visual impairment in relation to geographic
and neovascular AMD (both being late stages of AMD).
Data were pooled from Beaver Dam Eye Study,15 Blue
Mountains Eye Study,16 Melbourne Visual Impairment
Project,17–19 Rotterdam Eye study,20 Copenhagen City
Eye Study,21,22 and Northern London Eye Study.23 The
review reported that the prevalence of late stages of AMD
increased with the age, and so did the visual impairment.
Geographic AMD was noted to be prevalent from the age
55 years, while the neovascular AMD was noted to be
prevalent from the age 50 and above. The prevalence of
partially sighted (PS) defined as VA 6/18 and better than
6/60 was noted to be 0.00% up to 64 years. The

prevalence of PS was noted to be 0.13% in the age group
65–69 years, which showed an increasing trend to a
maximum of 6.63% in the group of subjects aged 90 years
or above. Blindness defined as best VA of 6/60 and up to
3/60 was seen in 0.03% in the age group 50–59 years.
The prevalence of blindness was 0.00% in the age group
60–69 years, and then increased from 0.06% for the age
group 70–74 years, reaching a maximum prevalence of
6.12% for those aged 90 years or above. The pooled
estimate showed that 3.5% of those aged 75 years or older
were visually impaired due to AMD. Our data on late
AMD also shows similar results wherein, 3.4% of those
with Late AMD had visual impairment. Another study24

conducted in a GP practice population in London
reported a comparable prevalence of 2.8% in those aged
75 years or older.
Klein et al25 in their systematic review conducted a

pooled analysis from various studies namely, Barbados
Eye Study, Beaver Dam Eye Study, Baltimore Eye Survey,
Blue Mountains Eye Study, Melbourne Vision
Impairment Project, Proyecto VER, Vision Evaluation
Research, Rotterdam Study, Salisbury Eye Evaluation
Project, and the Eye Diseases Prevalence Research
Group.26 Individuals aged 80 years or older had the
heaviest burden of age-related eye disease having 30% of
all cases of early AMD and about 62% of all cases of late
AMD. In black persons, severe VI was due to cataract
whereas in white persons, it was attributed to AMD.
Similarly, we noticed that those aged 75 years or above
had greater risk of VI compared with those aged
60–64 years.
In the Indian population, the INDEYE study conducted

in a population aged 50 years or older observed that all
cases of advanced AMD were visually impaired with
visual acuity worse than 6/24 which according to our
study is defined as moderate VI.8 In a hospital-based
study conducted in a population aged 50 years or older in
Maharashtra, west India, the prevalence of legal blindness
(VA worse than 3/60) was 4.2% in AMD.9 The prevalence
of blindness in other Asian countries such as Pakistan,
Bangladesh and Nepal are reported to vary from 2.1 to
8.7% for all blindness attributable to AMD.27 But the
aforementioned studies examined different or younger
age groups and the prevalence therefore varies across
studies or is lesser compared with our study. We have
attempted to characterize the severity of VI in early and
late stages of AMD in a population aged 60 years or older
and may be a likely explanation for a higher prevalence of
legal blindness.
The proportion of subjects with VI was significantly

higher in those aged 75 years or more compared with
those in the age group 60–64 years. When adjusted for
SES, BP, serum lipids, presence of cataract, presence of
DR, smoking, and refractive error, the odds of having VI

Table 5 Risk factors for visual impairment in subjects with
AMD using multiple logistic regression

VI vs no VI

OR (95% of CI) P-value

Demographic characteristics
Age, years
60–64 1
65–70 1.89 (1.16–3.08) 0.011
71–74 0.38 (0.05–2.93) 0.352
≥ 75 3.67 (1.95–6.91) o0.0001

Gender (n,%)
Women 1
Men 0.57 (0.36–0.90) 0.016

Diabetes (Yes) 0.88 (0.49–1.61) 0.686

Socio economic status (n,%)
High (29–41) 1
Middle (15–28) 1.56 (0.43–5.71) 0.502
Low (0–14) 0.83 (0.22–3.07) 0.777

Systemic factors
Systolic BP, mm Hg 1.00 (0.98–1.01) 0.745
Diastolic BP, mm Hg 1.01 (0.98–1.04) 0.568
Body Mass Index 0.94 (0.89–1.00) 0.017
Serum total cholesterol, mg/dl 1.00 (0.99–1.01) 0.763
Serum triglycerides, mg/dl 1.00 (0.99–1.00) 0.434
Serum HDL cholesterol, mg/dl 1.00 (0.98–1.03) 0.694

Ocular factors
Cataract
No Cataract 1
Any Cataract 0.84 (0.50–1.40) 0.500
Intraocular Pressure 0.89 (0.81–0.97) 0.006
Presence of any Diabetic
Retinopathy

0.55 (0.06–4.75) 0.586

Refractive error
Emmetropia 1
Myopia 0.89 (0.48–1.64) 0.714
Hyperopia 1.00 (0.52–1.92) 0.990

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; VI,
visual impairment.
Adjusted for smoking and tobacco intake. Significant P-values in bold and
italics.
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was greater in subjects in the age group 65–70 years and
in those ≥ 75 years compared with those in the age group
60–64 years. Our study results are consistent with that
reported in previous studies, whereby greater age is a risk
factor for VI in subjects with AMD.28–30

We observed that men with AMD are at a lower risk of
VI compared to women with AMD. Previous studies
conducted in the general population reported that, visual
impairment increases with age and especially in women,
while no such relationship was observed in men.30–33 In
the AMD population, female gender was associated with
greater prevalence of drusen and neovascular AMD than
male gender.34 We observed a similar association of age
and gender with VI in subjects with AMD.
Age group ≥ 75 years and those in the low SES showed

significantly higher proportion of subjects with VI than
with the other age groups. However, after adjusting for
potential confounders examined in this study, the
association between SES and VI was not significant.
The mean BMI was only slightly lower (difference in

means= 1.4 kg/m2) in the group with VI compared to
those with no VI, and the mean intraocular pressure was
13.7 mmHg in those with normal visual acuity and
13.2 mmHg in the group with VI. Although we observed
statistically significant differences in the intraocular
pressures between those with and without VI, the
differences do not appear clinically significant.

Visual impairment in Early vs late AMD

The prevalence of any VI was greater in late AMD
compared with that in early AMD. However, we were
unable to perform similar comparison for the prevalence
of severe VI and legal blindness between early and late
AMD due to lesser number of subjects. In both early and
late AMD, the majority of the VI was mild VI.
Lamoureux et al35 reported that late rather than early

AMD is associated with poorer visual function when
assessed by VF-11 scale. In contrast, Scilley et al36 reported
that despite good visual acuity, subjects with early AMD
may experience near vision complaints, and glare during
night driving. Midena et al37 reported impairment of
macular function except colour vision in early AMD.
Increase in the number of drusen is negatively associated
with the macular function. Similarly, Tolentino et al38

reported that subjects with early AMD possess good
visual acuity but may experience distortion, and
hypothesised as being related to alternation of the
photoreceptor layer function. It is evident that visual
acuity is not a good indicator of visual function;
nevertheless, it continues to be used in several clinical
trials for monitoring of the outcome.2

In the older age group, VI has been reported to be
associated with falls and fall-related injuries.39–42

Therefore, our findings have greater implications for
subjects in this aged population with AMD.

Associations (Causes) of VI in subjects with AMD

In our study, cataract was the leading cause of VI
contributing to about one-third of all VI in this AMD
population, the second and the third highest cause being
refractive error and early AMD, respectively. Visual
impairment attributable to late AMD is further lower.
A likely explanation could be the lower prevalence of
subjects with late AMD as compared to early AMD. An
interesting observation was that early AMD was the third
highest cause of VI, but the majority of the subjects had
mild VI (as seen in Table 3).
Studies conducted in Asian27 and in Indian

population8,9 report cataract and refractive error as the
leading cause of VI in the elderly population in general. In
our study, after stratifying the VI based on associated
ocular findings, we observed that 21% of the VI was
attributed to early AMD and about 3% to late AMD.
Cataract and refractive error represents the treatable or
correctable cause of VI. In the western population, AMD
is reported as the leading cause of VI contributing to as
high as 50% of all causes of VI.2 Therefore, identification
of potential risk factors in the early stages becomes crucial
for early referral and timely management.
For patients diagnosed with early or late AMD, a

detailed evaluation of visual requirements for everyday
tasks is indicated. For the reason that AMD is
predominantly associated with impairment of central
vision such as central scotoma, patients may often
complain of difficulty in near vision or inability to
maintain fixation. Such patients can be provided training
for eccentric viewing, whereby, an off-foveal point in the
retina will be preferred by the patient for fixation and be
trained to maintain fixation using that point. Magnifiers
may be prescribed for near vision difficulty in the form of
spectacle or stand magnifiers, tailored to the visual
requirements of the patients. In cases where the above
two options are not feasible, video magnifiers may be a
viable option that is available with a variety of
adjustments such as brightness and contrast
enhancement.
We have compared studies predominantly from the

Indian sub-continent because there are likely to be
geographical variations in the prevalence of AMD in
association with genetic and/or environmental factors.5

The strengths of our study is that this was a population-
based study and we utilized the International AMD
Epidemiological Study Group protocol. We assessed for
the prevalence and severity of VI in subjects with
unilateral AMD and in the eye with worse stage of AMD
in case of bilateral diagnosis of AMD. The prevalence of
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AMD and accordingly the VI, may vary if bilateral AMD
are considered or if both eyes are analyzed.
In conclusion, we observed the prevalence of mild,

severe VI and legal blindness to be 13.1, 0.8, and 1.1%,
respectively, in a south Indian population with AMD.
Prevalence of any visual impairment is greater in subjects
diagnosed with late AMD compared with early AMD.
Early AMD is the third leading cause of VI in this south
Indian population aged 60 years or above; a majority of
the subjects had only mild visual impairment. Greater age
and female gender are factors associated with VI in
subjects with AMD. Cataract and refractive error account
for a significant proportion of VI, representing
preventable visual loss in this elderly population.

Summary

What was known before
K Prevalence of visual loss due to AMD being higher from 70

years of age.
K Cases of advanced AMD in Indian population are visually

impaired.
K Prevalence of legal blindness in AMD is reported in India.
K There is lack of sufficient information regarding the

burden of visual impairment (VI) in various sub-types or
lesions of AMD.

What this study adds
K Prevalence of mild, severe VI and legal blindness to in a

south Indian population with AMD is examined.
K Prevalence of visual impairment in early vs late AMD is

compared.
K Factors associated with VI in subjects with AMD is

examined.
K Associations (causes) of VI in this elderly population is

investigated.
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Prevalence and the risk factors
for visual impairment in
age-related macular
degeneration
To obtain credit, you should first read the journal article.
After reading the article, you should be able to answer the
following, related, multiple-choice questions. To complete
the questions (with a minimum 75% passing score) and earn
continuing medical education (CME) credit, please go to
http://www.medscape.org/journal/eye. Credit cannot be
obtained for tests completed on paper, although you may
use the worksheet below to keep a record of your answers.
Youmust be a registered user on http://www.medscape.org.

If you are not registered on http://www.medscape.org,
please click on the ``Register'' link on the right hand side of
the website.
Only one answer is correct for each question. Once you

successfully answer all post-test questions you will be able to
view and/or print your certificate. For questions regarding this

activity, contact the accredited provider, CME@medscape.net.
For technical assistance, contact CME@medscape.net. Amer-
ican Medical Association’s Physician’s Recognition Award
(AMA PRA) credits are accepted in the US as evidence of
participation in CME activities. For further information on
this award, please go to https://www.ama-assn.org. The
AMA has determined that physicians not licensed in the US
who participate in this CME activity are eligible for AMA
PRA Category 1 Creditst. Through agreements that the AMA
has made with agencies in some countries, AMA PRA credit
may be acceptable as evidence of participation in CME
activities. If you are not licensed in the US, please complete
the questions online, print the AMA PRA CME credit
certificate, and present it to your national medical association
for review.

1. You are seeing a 70-year-old man with a complaint of
mild myopia. What was the approximate prevalence of
patients with age-related macular degeneration (AMD)
screened with an ophthalmic examination in the
current study by Srinivasan and colleagues?

A 3%
B 21%
C 42%
D 60%

2. The patient has evidence of AMD on examination.
What was the most common level of visual impair-
ment among patients with AMD in the current study?

A None
B Mild
C Severe
D Legal blindness

3. On multiple logistic regression analysis, which of the
following factors was most associated with a higher
risk for visual impairment in the current study?

A Male sex
B Age 65 years or older
C Increased body mass index
D Mildly increased intraocular pressure

4. You consider other conditions that might contribute to
this patient’s myopia. What was the most common
diagnosis contributing to visual impairment in the
current study?

A AMD
B Cataract
C Refractive error
D Corneal opacity
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