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Aim: This study aimed to explore the prevalence of and risk factors for age-related macular
degeneration (AMD) in an elderly population in Nepal.

Subjects and methods: This is a population-based, cross-sectional study. A sample size of
2,100 was calculated. A total of 1,860 (88.6%) subjects aged >60 years were enrolled for the
study from 30 clusters in the district. Detailed history, visual acuity, and anterior segment and
posterior segment examinations were performed. AMD was graded according to the International
ARM Epidemiological Study Group.

Results: Among the total study population, 659 subjects had any AMD (35.43%; 95% confidence
interval [CI]: 33.25-37.65), 484 had mild dry AMD (26.02%; 95% CI: 24.04-28.08), 143 had
intermediate dry AMD (7.69%; 95% CI: 6.52-8.99), 19 had geographic atrophy (1.02%; 95%
CI: 0.61-1.59), and 13 had wet AMD (0.70%; 95% CI: 0.37—-1.19). The overall prevalence of
early and late AMD was 33.71% and 1.72%, respectively. Among subjects with dry and wet
AMD, 36.53% and 46.1% had visual impairment, while 2.78% and 23.08% were blind, respec-
tively. In multivariate analysis, AMD was significantly higher in subjects with an increased
number of cigarettes smoked per day (odds ratio [OR] 1.02, 95% CI: 1.01-1.04; P=0.007) and
in subjects with pseudophakia (OR 1.45, 95% CI: 1.12-1.87; P=0.005).

Conclusion: One-third of the population aged =60 years have some form of AMD. There was
a significant association with the number of cigarettes consumed and with previous cataract
surgery.
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Introduction

Age-related macular degeneration (AMD) is an emerging public health problem in
the developing world due to rapid increases in the aging population.!> AMD is the
most common cause of irreversible blindness in the developed world among elderly
people,*? and it is the third leading cause of global blindness, contributing to 8.7% of
the total blindness in the world.! Population-based studies in developed countries have
shown a prevalence of AMD between 9.1% and 20.9%.*7-° In developing countries,
its prevalence is between 3.1% and 10.6%.'°'> AMD was among the leading causes of
blindness in Nepal, contributing to 8.7% of the total blindness in a population-based
study.'® Retinal disease was the second most common cause of blindness, and among
the retinal diseases, AMD was the most prevalent form of retinal disease.'”'® Although
the wet variety of AMD constitutes only 10% of total AMD, it is the main cause of
irreversible blindness.!” Besides non-modifiable risk factors such as age and genetic
predisposition,>®132024 there are several studies that have reported modifiable risk
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factors for AMD, such as sun exposure, smoking, systemic
hypertension, and dietary habits.?**'25335 More complete iden-
tification of these risk factors could help reduce the burden
of visual impairment from AMD.

The 2011 census has shown an increase in the life
expectancy of the Nepalese population.* This is expected to
increase the prevalence of age-related diseases such as AMD
in Nepal. This is the first study to estimate the prevalence and
risk factors of AMD in the Nepali population.

Subjects and methods
Study population

Bhaktapur district has two municipalities and 161 village
development committees. According to the 2001 census, the
population of Bhaktapur was 298,704, and 48,223 people
were older than 40 years. In the Bhaktapur Glaucoma Study
(BGS), a World Health Organization (WHO) 30 cluster sam-
pling method was used.!”*” From these 30 clusters, a house-
to-house enumeration was done and a name list was prepared.
From this name list, 4,800 subjects older than 40 years were
selected using the Epi Info software, version 3.5.1."7 From
these 4,800 subjects, only those older than 60 years were
re-invited for an examination. The total sample size of the
Bhaktapur Retina Study (BRS) was 2,100 with subjects
older than 60 years. This comprised 62% of the total sample
of those older than 60 years of the BGS. Of the remaining
38%, 15% of the subjects had passed away, 5% had moved
to other places, and 18% were unable to visit the study site.
The required sample size for this BRS was estimated to be
2,100 subjects after assuming 7% prevalence for vitreoreti-
nal disorders in individuals at the age of 60 years or older,
a relative precision of 25%, 85% compliance, and a design
effect of 2.!¥ Since we were not able to include a sufficient
number of participants from the original BGS participating
clusters, we added extra clusters in a similar pattern to this
study. In order to meet the calculated sample size of 2,100,
the rest (38%) were selected from the adjoining clusters as
a cross-sectional survey. Two female community health
workers visited the subjects at their homes and invited
them to participate in the study. All subjects were referred
to the primary eye care center of Bhaktapur district for a
detailed evaluation. Complete information was available
in 1,860 (86.57%) subjects. The study was conducted from
August 2013 to December 2015.

A structured questionnaire was developed to assess the
prevalence of and risk factors for AMD. Mid-level ophthal-
mic personnel were involved in the interview, and two oph-
thalmologists were involved in the examination of the study

subjects. A total of 50 cases were pre-tested. No respondents
reported difficulties in answering the questionnaire, and there
were no statistically significant variations in examination
findings. When the subjects were able to read and write in the
national language, they were categorized as literate as defined
by the Government of Nepal. The predominant profession
was considered as the occupation.

Patient examination and AMD assessment
All patients underwent a detailed history; anterior segment
assessment, including measurement of intraocular pres-
sure; and dilated fundus examination. The best-corrected
visual acuity (BCVA) was assessed using the logarithm of
minimum angle of resolution (logMAR) with tumbling E
charts placed at 4 m. Two retina specialists performed stan-
dardized eye examinations on the patients. A total of five fun-
dus photographs were taken of each eye after mydriasis using
a digital fundus camera (Canon) by a trained mid-level oph-
thalmic technician who had obtained a government-certified
course to provide primary eye care in ophthalmology.

Visual impairment was based on the International
Classification of Diseases, 10th edition.*® Briefly, visual
impairment was defined as visual acuity (VA) <6/18
(<20/60, <0.3 logMAR) in the better eye with best cor-
rection. Visual impairment was subcategorized between
low vision and blindness. Low vision was defined as a
BCVA of <6/18 (<20/60, <0.3 logMAR) but not <3/60
(20/400, 1.5 logMAR) in the better eye. A BCVA of <3/60
(<20/200, <1.5 logMAR) with best correction in the better
eye was considered as blindness.

AMD was graded according to the international classifi-
cation developed by the International ARM Epidemiological
Study Group on clinical examination.*® Briefly, age-related
maculopathy (ARM) is a degenerative disorder in individu-
als =50 years of age characterized by the presence of the
following abnormalities in the macula: soft drusen =63 um,
hyperpigmentation and/or hypopigmentation of the retinal
pigment epithelium (RPE), RPE and associated neurosensory
detachment, (peri) retinal hemorrhage, geographic atrophy
of the RPE, or (peri) retinal fibrous scarring in the absence
of other retinal (vascular) disorders. VA is not used to define
the presence of ARM. Drusen were defined as discrete round
whitish-yellow spots external to the neuroretinal pigment epi-
thelium or RPE in the macula. The largest drusen determined
the grade for maximum drusen size and predominant drusen
type. The type was based on the size of drusen, uniformity
of appearance across the breadth, and the sharpness of edges.
Drusen were categorized as small if the diameter was <64 um,
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intermediate if the diameter was 64—124 um, and large if the
diameter was >125 um.*’ Based on boundaries, drusen were
categorized as hard, soft, or confluent. Hard drusen were
discrete and well demarcated, soft drusen were amorphous
and poorly demarcated, and confluent drusen had contigu-
ous boundaries between drusen. Hard drusen were small,
usually <63 pum in diameter, although some may be larger,
round, pale yellowish white spots. Soft distinct drusen were
defined by a size =250 pum with sharp margins and round,
nodular appearance with a uniform density (color) from the
center to periphery. Soft indistinct drusen were of the same
size as soft distinct drusen but had indistinct margins and
a softer, less solid appearance. Pigmentary abnormalities
included either increased pigmentation or hypopigmentation
of the RPE more sharply demarcated than drusen, without any
visibility of associated choroidal vessels. Geographic atrophy
was defined as any sharply delineated round or oval area of
hypopigmentation or depigmentation or any apparent absence
(at least 175 um in size) of the RPE in which choroidal ves-
sels are more visible than the vessels in the surrounding areas.
Dry AMD was defined as the presence of drusen and RPE
abnormalities, including geographic atrophy. Dry AMD was
categorized as mild, intermediate, and advanced AMD. Mild
dry AMD was characterized by the presence of many small
drusen or a few intermediate drusen. Intermediate dry AMD
was characterized by the presence of many intermediate-sized
drusen and at least one large-sized drusen. Advanced AMD
was characterized by the presence of geographic atrophy. Early
AMD was defined as the presence of 63—125 um drusen with
the presence of hyper/hypopigmentation or =125 pm drusen
with or without the presence of hyper/hypopigmentation and
no signs of late AMD. Late AMD was defined by the presence
of any of the following: geographic atrophy or pigment epi-
thelial detachment, subretinal hemorrhage or visible subretinal
new vessels, subretinal fibrotic scar or laser treatment scar, or
a history of photodynamic or anti-vascular endothelial growth
factor treatment for AMD.*

Similarly, the study subjects were also divided into five
groups according to the size and extent of drusen in each eye,
presence of geographic atrophy, and neovascular changes in
AMD.* The five groups were numbered sequentially based
on the increasing severity of drusen and type of AMD. They
were defined as follows: Group 1 (normal), each eye had no
drusen or non-extensive small drusen; Group 2 (intermedi-
ate drusen), at least one eye had one or more intermediate
drusen, extensive small drusen, or pigment abnormalities
associated with AMD; Group 3 (large drusen), at least one
eye had one or more large drusen or extensive intermediate

drusen; Group 4 (geographic atrophy), at least one eye had
geographic atrophy with a diameter of at least one-eighth
that of the optic disk; and Group 5 (neovascular), choroidal
neovascularization or an RPE detachment in one eye (non-
drusenoid RPE detachment, serous or hemorrhagic retinal
detachment, subretinal hemorrhage, subretinal pigment
epithelial hemorrhage, subretinal fibrosis, or evidence of
confluent photocoagulation for neovascular AMD).

Assessment and definitions of risk factors
A detailed history was taken using a standardized question-
naire. All subjects underwent blood examination for non-
fasting blood sugar, and measurements of blood pressure
(BP), height, weight, and abdominal girth were recorded.
Age, gender, education status, occupation, smoking, alcohol
consumption, sunlight exposure, and presence of systemic
problems such as diabetes mellitus, hypertension, hyper-
lipidemia, or other cardiac disorders were elicited from the
self-reported history. Body weight and height were measured
using standard techniques, and body mass index (BMI) was
calculated by the formula BMI = weight in kilograms divided
by the square of the height in meters (kg/m?). Similarly,
abdominal girth was measured using a standardized tech-
nique. Venous blood sample was drawn for assessment of
non-fasting blood sugar. The diagnosis of diabetes mellitus
was based on either the use of diabetic medications or a ran-
dom blood sugar level of =200 mg/dL.!** BP was measured
for all subjects. They were categorized as hypertensive if
systolic BP was =140 mmHg, diastolic BP was =90 mmHg,
or antihypertensive medications were used.

The study was approved by the institutional review board
and ethics committee of Tilganga Institute of Ophthalmology
(TIO) and conducted in accordance with the Declaration of
Helsinki. Informed consent was written in the vernacular and
was read out for those unable to read. Subjects were asked to
sign the consent form, and thumb impressions were taken for
those unable to sign prior to enrollment in the study.

Statistical analysis

Descriptive statistical measures such as mean + SD for con-
tinuous variables and percentages were computed, respec-
tively, for continuous and categorical variables. Prevalence of
different grades of AMD with 95% confidence interval (CI)
was also computed. Associations between AMD (early vs
late) were examined through the use of chi-square or Fisher’s
exact tests wherever applicable. Risk factors for AMD were
assessed by using multiple logistic regression analysis fol-
lowed by univariate analysis, considering the presence of
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AMD as an outcome variable. All results were considered
significant if there was a P-value <0.05. Statistical analyses
were performed using Stata 9.0 (StataCorp, College Station,
TX, USA).

Results

Complete information was available for 1,860 (88.57%) sub-
jects out of 2,100 subjects. The nonresponder and responder
groups were compared with regard to age and gender. There
was no considerable difference observed for age and gender
between the two groups (Table 1).

The characteristics of the study population at various
stages of AMD are shown in Table 2. The age ranged from
60 to 95 years with the mean age of 69.64+7.31 years. Half
of the subjects (51.08%) were between 60 and 69 years of
age, whereas 11.45% were of =80 years. There were more
females, 1,039 (55.86%), who participated in the study.
Among the total, 1,433 (77.04%) were illiterates and 1,351
(72.63%) were farmers by occupation. Overall, AMD was
found in 659 study subjects (35.43%; 95% CI: 33.25-37.65),
of whom 484 subjects (26.02%; 95% CI: 24.04-28.08) had
mild dry AMD (Group 2). There were 143 subjects with
intermediate dry AMD (Group 3; 7.69%; 95% CI: 6.52-8.99),
19 with geographic atrophy (Group 4; 1.02%; 95% CI:
0.61-1.59), and 13 with wet AMD (Group 5; 0.70%; 95%
CI: 0.37-1.19). The distributions of various stages of AMD
were similar in all age groups. The proportions of advanced
stages of AMD were higher with increasing age. The distri-
butions of various stages of AMD among the study subjects
were comparable between genders, between the illiterates
and literates, and between farmers and individuals with other
occupations. Almost two-thirds of total AMD subjects had
mild dry AMD.

Table 3 shows the prevalence and laterality of dry and
wet AMD among the study subjects. Among the total sub-
jects with AMD, the majority had dry AMD (34.73%; 95%
CI: 32.56-36.94), while wet AMD comprised 0.70% (95%
CI: 0.37-1.19) of subjects. There was bilateral involvement
in 63.13% of all AMD subjects (95% CI: 59.31-66.82).

Table | Comparison of responders and nonresponders in the
study population

Variable Responders Nonresponders P-value
(n=1,860) (n=240)

Age (years), 69.64+7.31 69.50+7.93 0.782

mean = SD

Male, n (%) 821 (44.14) 110 (45.83) 0.629

Female, n (%) 1,039 (55.86) 130 (54.17)

This pattern of bilateral involvement (62.54%) was similar
among the subjects with dry AMD, whereas it was much
higher among the subjects with wet AMD (92.31%)).

Table 4 shows the characteristics of study subjects with
early and late-stage AMD. Among the subjects with AMD,
627 had early AMD (95.14%; 95% CI: 93.21-96.65), whereas
32 had late-stage AMD (4.86%; 95% CI: 3.34-6.78).

Late AMD was significantly higher (P=0.001) among
pseudophakic subjects as compared to early AMD. Late
AMD was higher among the subjects aged 60—69 years
(5.59%) and =80 years (7.32%) as compared to those aged
70-79 years (3.14%). Similarly, there was no significant dif-
ference between early and late AMD subjects with regard to
gender, literacy, or occupation. Past and present smokers had
a higher rate of late AMD as compared to nonsmokers, but
this difference was not significant statistically. The amount
of smoking ranged from 1 to 40 cigarettes per day with the
mean of 8.2146.78. A higher number of cigarettes smoked
per day (9.00£7.95) was observed among subjects with late
AMD as compared to early AMD (8.17£6.73).

Similarly, late AMD was higher among present drink-
ers relative to past drinkers and non-drinkers. Advanced
AMD was higher among the hypertensive subjects as
compared to those without hypertension, whereas it was
lower among the subjects with diabetes mellitus than those
without diabetes mellitus, but these differences were not
statistically significant either. Late AMD was higher among
those with a BMI <24.9 kg/m? as compared to those with a
BMI >25 kg/m?. In our series, late AMD was higher among
the subjects with myopia, while all subjects with hypermetro-
pia had early AMD.

Among the subjects with AMD, 623 (94.54%) reported
that they never use sun protection measures (using hat, sun-
glasses, or both or seeking shade when outside in bright light),
and 593 (95.18%) of them had early stage AMD. Only four
(0.61%) subjects with AMD reported high levels of protec-
tion (at least 50% of the time using sun protection measures),
and 32 (4.86%) subjects were using low-to-moderate protec-
tion (rarely to various patterns of use in sunlight).

Figure 1 shows the visual status based on BCVA. Among
the study subjects, low vision and blindness were found in
34.89% and 1.17% of subjects, respectively, among those not
having AMD. Among the subjects with dry AMD, 36.53%
subjects had low vision and 2.78% were blind, whereas
among the subjects with wet AMD, 46.18% subjects had
low vision and 23.08% were blind.

Table 5 lists the risk factors for AMD in univariate
analysis. The risk of AMD was significantly higher (P=0.025)
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Table 2 Demographic characteristics of study subjects across various groups of AMD

Characteristics All study Group I: Group 2: Group 3: Group 4: Group 5:
subjects no AMD (n=1,201), mild dry AMD intermediate dry  geographic wet AMD
(n=1,860), n, % (95% CI) (n=484), n, % AMD (n=143), atrophy (n=19), (n=13),n, %
n (%) (95% CI) n, % (95% CI) n, % (95% CI) (95% CI)
Age (years)
60-69 950 (51.08) 628, 66.11 (63-69) 231,24.32 (22-27) 73,7.68 (6-9) 11, 1.16 (0.57-0.06) 7,0.74 (0.29-1.51)
70-79 697 (37.47) 442, 63.4] (60-67) 195,27.98 (25-31) 52, 7.46 (6-10) 4,0.57 (0.01-1) 4,0.57 (0.01-1)
=80 213 (11.45) 131, 61.50 (55.00-68.00) 58, 27.23 (21-34) 18,845 (5-13) 4, 1.88 (0.05-5) 2,0.94 (0.01-33)
Gender
Male 821 (44.14) 536, 65.29 (62.00-68.00) 210, 25.58 (23-29) 61, 7.43 (6-9) 8, 0.97 (0.04-2) 6,0.73 (0.02-1)
Female 1,039 (55.86) 665, 64.00 (61-67) 274,26.37 (24-29) 82,7.89 (6-10) 11, 1.06 (0.52-1.88) 7,0.67 (0.27—1.38)
Occupation
Agriculture 1,351 (72.63) 855, 63.29 (61-66) 368, 27.24 (25-30) 104, 7.70 (6.33-9.25) 13, 0.96 (0.05-1) I1,0.81 (0.04-1)
Others 509 (27.37) 346, 67.98 (64-72) 116,22.79 (19-27) 39, 7.66 (5-10) 6, 1.18 (0.04-2) 2, 0.39 (0.00-1)
Literacy
llliterate 1,433 (77.04) 920, 64.20 (62-67) 376,26.24 (24-28) 112,7.82 (6-9) 14,0.98 (0.53-1.63) 11,0.77 (0.03-13)
Literate 427 (22.96) 281, 65.81 (61-70) 108, 2529 (21-30) 31, 7.26 (4.98-10.14) 5, 1.17 (0.38-2.71) 2, 0.47 (0.05-1.68)

Abbreviations: AMD, age-related macular degeneration; Cl, confidence interval.

Table 3 Prevalence and laterality of dry and wet AMD in study subjects

AMD types Prevalence, n, % (95% CI) Unilateral, n, % (95% CI) Bilateral, n, % (95% CI)
All AMD 659, 35.43 (33.25-37.65) 243, 36.87 (33.18-40.68) 416, 63.13 (59.31-66.82)
Dry AMD 646, 34.73 (32.56-36.94) 242, 37.46 (33.72-41.32) 404, 62.54 (56.67—66.28)
Wet AMD 13,0.70 (0.37-1.19) I, 7.69 (0.19-36.03) 12, 92.31 (63.97-99.80)

Abbreviations: AMD, age-related macular degeneration; Cl, confidence interval.

Table 4 Participant characteristics in early and late AMD among subjects with AMD

Characteristics Early AMD (n=627) Late AMD (n=32) Total, n (%) P-value
Smoking habit, n, % (95% Cl)
Nonsmokers 277, 96.18 (93.26-98.07) I1,3.82(1.92-6.73) 288 (43.70) 0.526
Present smokers 172, 93.99 (8.94-9.69) I1,6.01 (3.03-10.50) 183 (27.77)
Past smokers 178, 94.68 (90.43-97.42) 10, 5.32 (2.57-9.56) 188 (28.53)
Cigarettes per day (mean * SD) 8.17+6.73 9.00+7.95 8.21+6.78 0.634
Alcohol consumption, n, % (95% ClI)
No alcohol 260, 96.65 (93.74-98.45) 9, 3.35 (1.54-6.25) 269 (40.82) 0.147
Present alcohol 281, 93.36 (89.92-95.89) 20, 6.64 (4.10-10.07) 301 (45.68)
Past alcohol 86, 96.63 (90.46-99.29) 3, 3.37 (0.70-9.53) 89 (13.51)
Hypertension, n, % (95% Cl)
Non-hypertensive cases 402, 95.26 (92.77-97.08) 20,4.74 (2.91-7.22) 422 (64.03) 0.852
Hypertensive cases 225, 94.94 (91.32-97.35) 12, 5.06 (2.64-8.67) 237 (35.97)
Cases without diabetes, n, % (95% CI) 575, 95.20 (93.17-96.76) 29, 4.80 (3.23-6.82) 604 (91.65) 0.829
Cases with diabetes, n, % (95% Cl) 52, 94.55 (84.87-98.86) 3,545 (1.13-15.12) 55 (8.35)
BMI =24.9 kg/m?, n, % (95% Cl) 381, 94.54 (91.85-96.54) 22, 5.46 (3.45-8.14) 403 (61.15) 0.366
BMI =25 kg/m?, n, % (95% Cl) 246, 96.09 (92.93-98.11) 10, 3.91 (1.88-7.06) 256 (38.85)
Abdominal girth, cm (mean * SD) 80.86+12.31 79.37%11.65 80.79+12.27 0.504
Myopia, n, % (95% CI) 63, 92.65 (83.66-97.56) 5,7.35(2.43-16.33) 68 (10.32) 0.062
Hypermetropia, n, % (95% CI) 86, 100 (83.66—97.56) 0,0 86 (13.05)
Others, n, % (95% ClI) 478, 94.65 (92.31-96.44) 27, 5.35 (3.55-7.68) 505 (76.63)
Phakic cases, n, % (95% CI) 520, 96.47 (94.55-97.86) 19, 3.53 (2.13-5.45) 539 (81.79) 0.001
Pseudophakic cases, n, % (95% CI) 107, 89.17 (82.18-94.10) 13, 10.83 (5.89-17.81) 120 (18.29)
Abbreviations: AMD, age-related macular degeneration; Cl, confidence interval; BMI, body mass index.
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Figure | Visual status based on BCVA among the study subjects.
Abbreviations: BCVA, best-corrected visual acuity; AMD, age-related macular
degeneration.

Table 5 Risk factors for AMD using logistic regression analysis

with increased frequency of smoking per day. Similarly, there
was a high risk of AMD (P=0.006) among those who had
undergone a cataract surgery relative to phakic subjects. The
odds of developing AMD increased with age. Females had
an increased risk of AMD as compared to males. Illiterates,
subjects with hypertension, nondiabetic subjects, subjects
with BCVA >0.3 logMAR, myopic subjects, subjects with
pseudophakia, subjects who consume alcohol, subjects who
are not aware of ARMD, or subjects with a BMI <24.9 kg/m?
had a higher risk of AMD, but none of these were statistically
significant in univariate analysis.

As in the univariate analysis, when multivariate analy-
sis was performed, only two variables, cigarettes per day
and pseudophakia, were significant variables. The odds of
having AMD were significantly higher with the increasing
number of cigarettes smoked per day (odds ratio [OR] 1.02,

Characteristics No AMD (n=1,201) AMD (n=659) OR (95% CI) P-value
Age (years), n (%)

60-69 628 (66.11) 322 (33.89) |

70-79 442 (63.41) 255 (36.59) 1.12 (0.92-1.38) 0.258

=80 131 (61.50) 82 (38.50) 1.22 (0.89-1.66) 0.203
Gender, n (%)

Male 536 (65.29) 285 (34.71) |

Female 665 (64.00) 374 (36.00) 1.06 (0.87-1.28) 0.566
Occupation, n (%)

Agriculture 855 (63.29) 496 (36.71) | 0.06

Other occupations 346 (67.98) 1,639 (32.02) 0.81 (0.65-1.01)
Literacy, n (%)

llliterate 920 (64.20) 513 (35.80) |

Literate 281 (65.81) 146 (34.19) 0.93 (0.74-1.17) 0.542
Hypertension, n (%)

No 795 (65.32) 422 (34.68) |

Yes 406 (63.14) 237 (36.86) 1.10 (0.90-1.34) 0.349
Diabetes, n (%)

No 1,088 (64.30) 604 (35.70) |

Yes 1,139 (67.26) 55 (32.74) 0.88 (0.62—1.23) 0.445
Smoking, n (%)

Nonsmoker 524 (64.53) 288 (35.47) |

Smoker 677 (64.60) 371 (35.40) 0.99 (0.82—1.21) 0.976
Cigarettes per day, (mean + SD) 7.19+£5.63 8.21+6.78 1.03 (1.01-1.05) 0.025
Alcohol, n (%)

No alcohol 525 (66.12) 269 (33.88) |

Alcohol 676 (63.41) 390 (36.59) 1.13 (0.93-1.36) 0.228
AMD awareness, n (%)

Yes 74 (71.84) 29 (28.16) |

No 1,127 (64.14) 630 (35.86) 1.43 (0.92-2.21) 0.114
Myopia, n (%) 119 (63.64) 68 (36.36) |
Hypermetropia, n (%) 163 (65.46) 86 (34.54) 0.92 (0.62-1.37) 0.693
Others, n (%) 619 (64.54) 505 (35.46) 0.96 (0.70-1.32) 0.809
Pseudophakia, n (%)

No 1,040 (65.86) 539 (34.14) |

Yes 161 (57.30) 120 (42.70) 1.44 (1.11-1.86) 0.006

Abbreviations: AMD, age-related macular degeneration; OR, odds ratio; Cl, confidence interval.
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95% CI: 1.01-1.04; P=0.007). Similarly, the risk of devel-
oping AMD was significantly higher among subjects with
pseudophakia as compared to phakic subjects (OR 1.45, 95%
CL: 1.12-1.87; P=0.005).

Discussion

This is the first population-based study in Nepal to assess
the prevalence, patterns, and risk factors of AMD. The BGS
had reported AMD to be the most common retinal disease
in this population.'® There are several other studies in the
region that have also reported AMD as the most common
retinal disease.'*!* Therefore, it is not unexpected for us to
report AMD as the most common cause of retinal disease in
this population. Population statistics in Nepal have shown
that life expectancy over the past 20 years has increased from
53.5and 55 years to 69.6 and 67.3 years in females and males,
respectively.’ Improved health facilities and availability of
better nutrition, water systems, and vaccination programs
could have possibly been responsible.*

The overall prevalence of AMD was calculated for a study
population older than 60 years in our study, as the BGS did
not show a high prevalence of retinal diseases in the 40—-60
age group. In the BGS, the prevalence of AMD was 3.5%,
which is lower than that in our study (35.43%), presumably
caused by our exclusion of the lower age groups.'®

The overall prevalence of any AMD was 35.43% in
our study subjects, which was higher than that in other
studies conducted in the region.”!'%!32 A study conducted
by Woo et al> from China also reported a lower prevalence
of 10.6% in a comparable age group; however, they studied
a population =50 years old. The higher prevalence of AMD
in our study could probably be due to the older age of our
subjects. Other possible factors contributing to this could be
the prolonged exposure to sunlight during farming and social
habits such as smoking and alcohol consumption.

Almost two-thirds of the AMD subjects had small- to
intermediate-sized drusen and RPE pigmentary abnormali-
ties, which did not affect the vision. Large-sized drusen were
present in 7.69% of subjects, presumably conferring on them
an increased risk for progression to advanced AMD. Geo-
graphic atrophy was found in 1.02% of'the study subjects, and
wet AMD was present in 0.70% of the study subjects. A study
in south India that focused on an age group of =60 years
from rural and urban areas reported early AMD in 20.91%
and 16.37% of subjects, respectively. The same study also
reported prevalence of late AMD in 2.26% of the rural popu-
lation and 2.32% of the urban population.!* The findings of
the abovementioned study are comparable to our study, and

the slight differences in rates could be attributed to regional
and racial differences.

The Asian Malay Study reported that early and late AMD
occurred in 4.9% and 0.7% of subjects, respectively, in the
age group between 40 and 80 years.* Kawasaki et al* also
reported a pooled prevalence of 6.8% and 0.56%, respec-
tively, for early and late AMD in Asians aged 4079 years.
Other studies from India, a neighboring country to Nepal,
reported late AMD in the range of 0.6%—1.4%.%" Com-
pared to these Asian studies, our finding of late AMD is
very similar despite the differences in the study age groups.
On the other hand, for early AMD, the differences can be
attributed to the age groups studied and different classifica-
tion systems.

Racial variation in the prevalence of AMD cannot be dis-
regarded. Several studies conducted among white populations
have shown a higher prevalence of late AMD than that in
our study.*® Caucasians are more susceptible to AMD.* This
has been reported by several studies in the past.**-?2304547
When compared to these studies, our findings of late AMD
are lower. Yasuda et al?! have also reported lower incidence
of late AMD among Japanese as compared to white popula-
tions. This suggests that racial variation can occur.

The majority of our study population had the dry type of
AMD (98.03%), while the wet variety comprised only 1.97%
of subjects. In a study by Kawasaki et al,'? 30.8% of Asians
had bilateral disease compared to 45.1% of Caucasians. In a
study by Wang et al,*® bilateral involvement was seen in 80%
of those with early ARM and 57% of those with late AMD.
In our study population, almost two-thirds of the subjects
with any type of AMD had bilateral involvement. A large
percentage (92%) of the subjects with wet AMD had bilat-
eral involvement. Bilateral involvement is a serious public
health concern, as wet AMD can progress rapidly, leading
to irreversible visual impairment and blindness.

Early detection of wet AMD is important because it is
often characterized by painless, progressive loss of vision
without any other ocular signs or symptoms. Amsler grid
tests have been advised for high-risk groups for detection
of early symptoms of wet AMD. There is a serious need for
promoting awareness regarding the disease in the community
and rapid access to an ophthalmologist in cases of disturbed
vision. A very low level of awareness of AMD was reported
in a population-based study conducted on the same cohort,
which reflects an urgent need for increasing awareness in
the community.*

Both early and late AMD increases with age. The number
of subjects with late AMD was higher than those with early
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AMD in the more elderly age group. Our findings were
comparable to other population-based studies.>!'*?!2325 More
than half of the total subjects with geographic atrophy and
wet AMD were found in the age group of 60—69 years. This
shows that in our population, significant numbers of AMD
occur at a relatively early age.

Ho et al*® reported that cataract surgery increases the
chances of having dry AMD, and its risk of progression
should be considered before recommending cataract surgery.
Similarly, Krishnaiah et al*® from India reported significant
associations of AMD with cataracts and cataract surgery. In
our study, we found that late AMD was significantly higher
among the pseudophakics. Further analysis of our population
is recommended to clarify if there is an effect of cataract
surgery on the risk of progression to advanced AMD or a
relationship between cataract and AMD.

Late AMD was more common among present smokers
and those who consume more cigarettes per day, which is
consistent with other studies.?!*?

Hypertension could be an important systemic risk factor
for progression of late AMD, as there were higher proportions
of late AMD among the hypertensive subjects in our study,
which was similar to other studies.?*?!:2273 Late AMD was
lower among the subjects with diabetes. This may be due to
a protective effect of diabetes against AMD, which has also
been reported by Shim et al*’” and Krishnaiah et al.?* Present
drinkers had more late-stage AMD than those who never
drank or past drinkers. This finding suggests that present
alcohol consumption could be an important factor for AMD
progression as in other studies.?” Myopia was found in late
AMD subjects, while hypermetropia was found in early AMD
subjects of this study. Our findings are consistent with the
results from Lavanya et al’! who reported an association of
hypermetropia with early AMD, and similar findings were
seen for Asian eyes.*

In our series, there was no difference in the distribution
of patients with early and late AMD considering gender,
level of literacy, or occupation. Unlike our findings, Yasuda
et al*! found late AMD significantly higher among males.
Cackett et al® reported that a lower education level was
associated with significantly higher rates of early AMD
among Asian Malay.

Visual impairment and blindness were higher among the
subjects with wet AMD as compared to those not having
AMD or with dry AMD. Low vision among the subjects with
dry and wet AMD was 36.53% and 46.15%, respectively.
Likewise, blindness was 2.78% and 23.08%, respectively,
among the subjects with dry and wet AMD. This finding

suggests that vision impairment caused by wet AMD can be
prevented by early detection and treatment. In subjects with
dry AMD without central geographic atrophy, vision is usu-
ally preserved. A previous study reported AMD as the most
common cause of visual impairment and blindness among
pseudophakic subjects and the second most common cause
of visual impairment and blindness among phakic subjects,
after cataract.> Another population-based study in Nepal
reported AMD as a significant cause of blindness, account-
ing for 8.7% of all blind eyes.'® Globally, AMD has been the
third leading cause of blindness, contributing to 8.7% of total
blindness, while also being the most common cause of irre-
versible blindness among the elderly in developed countries.
These findings suggest that AMD is likely the leading cause
of irreversible blindness in developing countries where life
expectancy is on the rise.

In this study, 95.58% of subjects had never used sun
protection measures such as hats, sun glasses, or both.
Among these subjects, 4.82% had late AMD, and only 0.4%
reported wearing protective measures. Sunlight exposure
has been reported as a significant risk factor for AMD. 343
Raising awareness and adopting protective measures could
help reduce the risk of AMD. In this study, the risk of AMD
was dependent on the number of cigarettes smoked per day.
This finding was similar to many other studies both from
developed and developing countries,®!3:21:25:28.30.47

Similarly, there was a significantly higher risk of AMD
among those who underwent cataract surgery relative to those
who had not, which is consistent with other studies.?-233
However, there is an ongoing controversy regarding cataract
surgery as a risk factor for AMD.

The prevalence of AMD was related to increasing age.
Our finding is consistent with other studies from both
developed and developing countries.’%13:20-2325 Females
had an increased risk of AMD as compared to males in this
study. 132330

Similarly, subjects with hypertension had a higher chance
of developing AMD, although this was not statistically
significant. Our finding is consistent with other series across
the globe where hypertension was significantly associated
with AMD.?0:2527:3031 Similarly, a higher risk of AMD among
illiterates may be associated with lack of using sun protection
measures, poor nutrition, and consumption of more cigarettes
and alcohol. The increased risk of developing AMD among
those who consume alcohol in this study is consistent with
other studies.?

Unlike other studies where AMD was seen more fre-
quently in those having high BMIL,* we found a high rate of
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AMD among the subjects with lower BMI (<24.9 kg/m?).
We are unable to explain the reason for this finding.

Even though there were a large number of subjects with
hypermetropia among those with early AMD, which was
similar to other studies,?>*”* this was not found to be a risk
factor for overall AMD. Myopia was more frequent than
hypermetropia and other refractive errors among all subjects
with AMD; however, none of these differences were found
to be significant.

The risk of AMD was lower among the subjects with
diabetes mellitus in this study, similar to other studies.'>?’

The prevalence of AMD was higher among those who
were not aware of AMD (95.6%), which suggests that
promoting awareness for early detection and treatment can
lessen the public health burden of AMD. Similarly, promot-
ing awareness of modifiable risk factors, such as protection
from sunlight exposure, diet, and healthy social habits, can
help prevent the onset of AMD. By providing information
regarding the risk factors, healthy nutritional habits, and
immediate referral to an ophthalmologist in cases of meta-
morphopsia or blurred central vision can prevent blindness
from this disease.

The strength of the study is the large sample size of the
elderly age group. The limitation of the study is that it was
not able to comment on the prevalence and risk factors of
AMD in a younger population.

Conclusion

Almost one-third of subjects aged =60 years have some
form of AMD among the population of Bhaktapur in Nepal.
Significant associations with the number of cigarettes con-
sumed and pseudophakia are similar to other reports from
around the world. Gender, education status, hypertension,
alcohol consumption, and refractive error could be other
risk factors for AMD in this population. Regular screen-
ing could facilitate early detection of the disease. The low
awareness and high prevalence of AMD suggest an urgent
need for promoting awareness in the community to motivate
people to come in for regular eye examinations. This can
help prevent the irreversible visual impairment and blind-
ness from AMD.
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