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Aim: To assess the prevalence and demographic associations of moderate visual impairment in the
population of the southern Indian state of Andhra Pradesh.

Methods: From 94 clusters in one urban and three rural areas of Andhra Pradesh, 11 786 people of
all ages were sampled using a stratified, random, cluster, systematic sampling strategy. The eligible
people were invited for interview and detailed dilated eye examination by trained professionals. Mod-
erate visual impairment was defined as presenting distance visual acuity less than 6/18 to 6/60 or
equivalent visual field loss in the better eye.

Results: Of those sampled, 10 293 (87.3%) people participated in the study. In addition to the previ-
ously reported 1.84% prevalence of blindness (presenting distance visual acuity less than 6/60 or cen-
tral visual field less than 20° in the better eye) in this sample, 1237 people had moderate visual
impairment, an adjusted prevalence of 8.09% (95% Cl 6.89 to 9.30%). The maijority of this moderate
visual impairment was caused by refractive error (45.8%) and cataract (39.9%). Increasing age,
female sex, decreasing socioeconomic status, and rural area of residence had significantly higher odds
of being associated with moderate visual impairment.

Conclusions: These data suggest that there is a significant burden of moderate visual impairment in
this population in addition to blindness. Extrapolation of these data to the population of India suggests
that there were 82 million people with moderate visual impairment in the year 2000, and this number
is likely to be 139 million by the year 2020 if the current trend continues. This impending large burden
of moderate visual impairment, the majority of which is due to the relatively easily treatable refractive
error and cataract, would have to be taken into account while estimating the eye care needs in India,
in addition to dealing with blindness. Specific strategies targeting the elderly population, people with
low socioeconomic status, those living in the rural areas, and females would have to be implemented

e conducted the population based Andhra Pradesh
WEye Disease Study (APEDS) in one urban and three

rural populations of the southern Indian state of
Andhra Pradesh. The objectives of APEDS were to assess the
prevalence and causes of blindness and other levels of visual
impairment, prevalence and risk factors for eye diseases, effect
of visual impairment on quality of life, and barriers to eye care
services.'

Andhra Pradesh is one of the larger states of India account-
ing for 8.4% of the country’s area with a population of 75.7
million in early 2001, which was 7.4% of total population of
India.* The age distribution of the population of the state is
pyramidal like the rest of India with an estimated 35.6% of the
total population below 16 years of age, 25.7% between 16-29
years, and 38.7% 30 years of age or more.’ The rural population
comprises a little less than three fourths of the total
population of the state, and the male to female sex ratio is
100:98.° This state is also one of the seven states selected by
the government of India under the World Bank assisted cata-
ract blindness control project to deal with cataract blindness.*

We have previously reported data on blindness from the
urban and rural study areas of APEDS.”“ The prevalence of
blindness (presenting distance visual acuity <6/60 or central
visual field <20 degrees in the better eye) was estimated at
1.84% for this population.® We have also previously reported
data on moderate visual impairment from the urban study
area of APEDS.” In this article, we report the population based
data on moderate visual impairment for the four areas of
APEDS, including the three rural study areas, which could be
used for planning eye care services in the long term.

in the long term to reduce moderate visual impairment.

METHODS
Various aspects of the study design of APEDS have been
described previously.' >*

Briefly, a multistage sampling procedure was used to select
24 urban clusters and 70 rural clusters from one urban and
three rural areas from different parts of the southern Indian
state of Andhra Pradesh, with the aim of having a study sam-
ple representative of the urban-rural and socioeconomic
distribution of the population of this state. These four areas
were located in Hyderabad (urban), West Godavari district
(“well off” rural), and Adilabad and Mahabubnagar districts
(poor rural). APEDS was conducted from October 1996 to
February 2000. The sampling strategy for APEDS has been
described earlier.' >*

In brief, the major difference between the urban and rural
sampling was that the former was selected from blocks strati-
fied by socioeconomic status and religion, whereas the latter
were selected from villages stratified by caste as described
previously.”” A total of 94 clusters were selected for APEDS
using stratified random sampling, such that the proportion of
each socioeconomic status in the sample would be similar to
that in the population of the state.' > These clusters were
mapped and the number of households and members in each
household listed. The households were then systematically
selected within each cluster to obtain roughly equal number of
households in all clusters. The systematic selection of
households ranged from every second to fifth household in a
cluster depending on the size of the cluster. Approximately
half the clusters in each of the four areas were randomly
assigned to have people of all ages in the selected households
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cligible for the study, and the other half to have only those 30
years of age or more eligible for the study. This was done to
obtain similar number of participants in the less than and
more than 30 year old age groups.' >* A total of 11 786 people
were sampled in all the four arecas of APEDS of which 8832
were sampled in the three rural areas. Eligible people were
interviewed by trained investigators.' >* The participants were
then invited for detailed eye examination at a local site. Writ-
ten informed consent was obtained from participants before
examination. For the participants who could not read and
write the consent was read aloud for these participants by the
receptionist at the examination site in the presence of all the
participants on that day. These participants gave their thumb
impression after understanding and agreeing with the content
of the consent. This study was approved by the ethics
committee of the LV Prasad Eye Institute, Hyderabad, India.

The eye examination conducted in APEDS has been
described in detail previously.' >’ In brief, the eye examina-
tion included measurement of presenting and best corrected
distance and near visual acuities under standardised condi-
tions with logMAR charts," external eye examination, assess-
ment of pupillary reaction, anterior segment examination
using slit lamp biomicroscope, measurement of intraocular
pressure using Goldmann applanation tonometer, gonioscopy,
and lens, vitreous, and posterior segment examination
(involving examination with the indirect ophthalmoscope
using 20 dioptre lens and at the slit lamp using 78 dioptre
lens) after dilatation unless contraindicated because of risk of
angle closure. Automated visual fields were done with the
Humphrey visual field analyser'” using the threshold central
24-2 strategy in those participants assessed to have any suspi-
cion of glaucoma, any other optic nerve pathology, higher
visual pathway lesion, or significant macular pathology
according to uniform predefined criteria.' >”” "> Photographic
documentation was done for any anterior or posterior
segment pathology and this was used to confirm
diagnoses.' >7 Examination was done at home, using portable
equipment, for the participants who were physically debili-
tated and were unable to come to the examination centre. This
examination was essentially similar to the one at the
examination centre except that gonioscopy, posterior segment
examination using 78 dioptre lens, automated visual fields,
and photography were not done.' >”* "

We have previously reported the data on moderate visual
impairment from the urban area of APEDS using two defini-
tions of moderate visual impairment.” Moderate visual
impairment, for this present article, was defined using the
more conservative definition as presenting visual acuity
<6/18-6/60 or equivalent visual field loss in the better eye. The
visual field loss criteria for moderate visual impairment have
been described in detail previously,” and are listed in Table 1.
The cause of moderate visual impairment was classified as
described previously.” In brief, if cataract was present along
with a posterior segment lesion and it was considered by the
examining ophthalmologist that removal of cataract would
not restore vision, the cause of visual impairment was consid-
ered to be the posterior segment lesion. This was confirmed
later by the principal investigator (LD) and co-investigator
(RD) by assessing the photographs. If nuclear cataract of
LOCS III grade No 3.5 or more was present, and vision
improved from moderate visual impairment to no visual
impairment category with myopic correction in the absence of
myopic fundus changes, the cause of visual impairment was
considered to be cataract and not refractive error as the former
was the underlying cause of this index myopia.” If the two eyes
of a subject had visual impairment from two different causes,
both were given 50% weight as the cause of low vision, rather
than arbitrarily choosing one or the other as the cause for that
subject. If visual impairment was present with both visual
acuity and visual field loss criteria in an eye, the cause respon-
sible for the higher grade of visual loss was considered if acu-
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Table 1 Criteria for moderate visual
impairment due to visual field loss

Humphrey 24-2 threshold visual
field (%* of points <10 dB)

Visual acuity Upper Lower
equivalence hemifield hemifield
<6/18-6/30 >75 or 51=7/5
or 25-50 and 25-50
or 51-75 and 25-50
or 25-50 and 51-75
<6/30-6/60 >75 and 25-50
or 51-75 and 51-75
or >75 and 51-75

or any and >75

*For upper hemifield 25-50%, 51-75%, and
>75% are 6-13, 14-20, and >20 points,
respectively, and for lower hemifield these are
6-13, 14-19, and >19 points, respectively. This
table is adapted from Dandona et al.”

ity and visual field loss grades were different, and the cause of
acuity loss was considered if the grades of acuity and visual
field loss were similar.”

Data were entered on self coded forms by the investigators
and the examiners which were then entered into a computer
by two data entry operators using roxero program with inter-
nal consistency checks." Data entered by one data entry
operator were checked by the other data entry operator after
completion of each cluster. This was done randomly on 10% of
all the data entered for each cluster. To determine and verify
outliers, monthly range, and consistency checks were done
using spss (Windows). Analyses were done using the spss soft-
ware (spss for Windows, Rel 10.0.5. 1999. Chicago: SPSS Inc).
The prevalence of moderate visual impairment was adjusted
for the age, sex, and urban rural distribution in India for the
year 2000, to obtain composite estimates for the overall
prevalence of moderate visual impairment. The design effect
of the sampling strategy was calculated using the moderate
visual impairment prevalence in each cluster," and the 95%
confidence intervals of the estimates were adjusted accord-
ingly.

The demographic associations of moderate visual impair-
ment with age, sex, socioeconomic status, and area of
residence were assessed with univariate analysis using X’ test
followed by multivariate analysis using multiple logistic
regression. The effect of each category of a multicategorical
risk factor variable was assessed by keeping the first or the last
category as the reference. The 275 participants in this study
population reported earlier as blind® were excluded from the
univariate and multivariate analyses for moderate visual
impairment.

These data on moderate visual impairment were extrapo-
lated to the population of India for the year 2000.’"” In
addition, the prevalence of moderate visual impairment was
estimated for the years 2010 and 2020 if the current age-sex
specific rates continue, by applying these rates to the
estimated age, sex, and urban-rural distribution of the popu-
lation of India in 2010 and 2020.”

RESULTS

Study population

A total of 10 293 (87.3%) subjects participated in the study in
the four areas of APEDS of the eligible 11 786 subjects. Of
these 7775 (75.5%) were from the three rural areas and 5439
(52.8%) were female. A total of 122 (1.2%) subjects were
examined at home of whom 23 (18.9%) were in the urban
study area. The results that follow are for moderate visual
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impairment defined as presenting distance visual acuity
<6/18-6/60 or equivalent visual field loss as described
previously.”

Prevalence and causes of moderate visual impairment
In addition to the 201 people reported previously with moderate
visual impairment from the urban area,” 1036 (10.3%) in the
three rural areas had moderate visual impairment. The
prevalence of moderate visual impairment adjusted for age, sex,
and urban-rural distribution was 8.1% (95% confidence interval
6.9 t0 9.3; design effect 5.2) for the four areas combined. Visual
field loss was responsible for 0.96% of the moderate visual
impairment. On considering only the three rural areas of
APEDS, the age and sex adjusted prevalence of moderate visual
impairment was 8.9% (95% confidence interval 7.5 to 10.3;
design effect 4.7). Visual field loss was responsible for 0.72% of
the moderate visual impairment in the rural areas.

The distribution of the causes of moderate visual impair-
ment is shown in Table 2. The leading cause of moderate visual
impairment was refractive error (45.8%) followed by cataract
(39.9%). Comparison between the prevalence of moderate
visual impairment due to various causes for the urban area
and the rural areas of APEDS is shown in Figure 1. Prevalence
of moderate visual impairment due to refractive error,
cataract, amblyopia, and corneal diseases was higher in the
rural areas compared with the urban area whereas that caused
by retinal diseases, optic atrophy, and glaucoma was similar.
The category of “others” includes endophthalmitis, higher
visual pathway lesion, posterior capsule opacity following
cataract surgery, and indeterminate cause of visual impair-
ment. Refractive error and cataract were responsible for
majority of the moderate visual impairment. The prevalence of
moderate visual impairment caused by refractive error and
cataract was 2.90% (95% confidence interval 1.83 to 3.97%)
and 2.16% (95% confidence interval 1.00 to 3.32%) respec-
tively in the urban area, and was 4.0% (95% confidence inter-
val 3.3 to 4.7%) and 3.6% (95% confidence interval 2.9 to
4.4%) for refractive error and cataract respectively in the three
rural areas combined.

Figure 2 shows the age specific prevalence of moderate
visual impairment for the causes of moderate visual impair-
ment for the four areas of APEDS combined. Refractive error
was the most frequent cause of moderate visual impairment
below 60 years of age and cataract was the most common
cause 60 years of age onwards.

Table 2 Distribution of causes of moderate visual
impairment for the four areas of APEDS

Percentage of
total moderate
visual impairment

Cause of moderate

visual impairment  Prevalence (95% CI)*

Refractive error 3.71% (3.11% to 4.30%) 45.8

Myopia 2.81%
Hyperopia 0.71%
Aphakia 0.14%
Pseudophakia 0.05%
Cataract 3.23% (2.58% to 3.87%) 39.9
Age related 3.20%
Steroid induced  0.01%
Traumatic 0.01%
Uveitis related 0.01%

Retinal disease 0.27% (0.16 to 0.39%) 3.4
Amblyopia 0.22% (0.12 to 0.31%) 2.7
Corneal disease 0.19% (0.08 to 0.29%) 2.3

Optic atrophyt 0.15% (0.07 to 0.23%) 1.8
Glaucoma 0.08% (0.03 to 0.14%) 1.0
Others 0.25% (0.14 to 0.36%) 3.1

Total 8.10% (6.90 to 9.30%) 100

*Adjusted for the estimated age, sex, and urban-rural distribution of
India in the year 2000° '*; tother than caused by glaucoma.
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Figure 1 Prevalence of moderate visual impairment for the different

causes of moderate visual impairment for the urban and rural areas
(three rural areas of APEDS combined). The prevalence adjusted for
age and sex distribution of the population of India in the year 2000.
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Figure 2 Age specific prevalence of moderate visual impairment
for the different causes of moderate visual impairment for the four
areas of APEDS combined. The prevalence adjusted for sex and
urban-rural distribution of the population of India in the year 2000.
The prevalence of moderate visual impairment due to cataract in
16-29 and 30-39 years of age was 0.02% which are not
represented in the figure because of the scale used to show
prevalence.

Demographic associations for moderate visual
impairment

After excluding the 275 people reported as blind (presenting
distance visual acuity <6/60 or central visual field less than 20
degrees in the better eye) in this study population,® the sam-
ple considered for the demographic association analysis for
moderate visual impairment was 10 018. Of these 10018
people, 7545 (75.3%) were from the three rural areas, 5322
(53.1%) were 30 years of age or more, and 5281 (52.7%) were
female.

Distribution of those with moderate visual impairment by
age, sex, socioeconomic status, and area of residence is shown
in Table 2. On applying multiple logistic regression (Table 3),
the odds of having moderate visual impairment increased
with increasing age and with decreasing socioeconomic
status. Females (odds ratio 1.47; 95% confidence interval 1.27
to 1.71) compared with males and those living in the rural
areas (odds ratio 2.12; 95% confidence interval 1.75 to 2.57)
compared with the urban area had significantly higher odds of
having moderate visual impairment.
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Table 3  Association of moderate visual impairment with age, sex, socioeconomic
status, and area of residence

No with moderate  Odds ratio for having moderate visual
Total* visual impairment  impairment with multiple logistic
(n=10018) (%) regression (95% confidence interval)

Age (years)t

0-15 2856 38(1.3) 1.00

16-29 1840 38 (2.1) 1.59 (1.01 10 2.51)

30-39 1845 46 (2.5) 1.90 (1.23 to 2.94)

40-49 1403 169 (12.0) 10.66 (7.43 1o 15.30)

50-59 995 333 (33.5) 39.53 (27.86 to 56.09)

60-69 799 415 (51.9) 85.54 (60.11 to 121.71)

=70 280 198 (70.7) 218.11 (142.77 t0 333.23)
Sexf

Male 4737 537 (11.3) 1.00

Female 5281 700 (13.3) 1.47 (1.27 to 1.71)
Socioeconomic status§

Upper 360 22 (6.1) 1.00

Middle 3113 384 (12.3) 1.95 (1.18 10 3.23)

Lower 5063 653 (12.9) 2.67 (1.62 to 4.41)

Extreme lower 1293 156 (12.1) 3.03 (1.78 t0 5.17)
Area of residence

Hyderabad 2473 201 (8.1) 1.00

West Godavari 2406 356 (14.8) 2.27 (1.82 to 2.83)

Adilabad 2623 266 (10.1) 1.53 (1.21 to 1.94)

Mahabubnagar 2516 414 (16.5) 2.50(2.01t0 3.12)
*From the total sample of 10 293 subjects, 275 subjects reported as blind® were excluded for this analysis;
1p<0.0001; X test; tp=0.004; x? test; §p=0.002; X? test; socioeconomic status defined according to
monthly per capita income in Indian rupees: upper >2000 (US$45), middle 501-2000, lower 201-500,
and extreme lower <200. Data on socioeconomic status not available for 189 subjects; §p<0.0001; x? test.

Extrapolations to the population

Extrapolating these data from APEDS to the estimated 76
million population of Andhra Pradesh in the year 2000, 6.1
(95% confidence interval 5.2 to 7.0) million people would have
moderate visual impairment. If these data are extrapolated to
the estimated 1014 million population of India in the year
2000,” 82.1 (95% confidence interval 69.9 to 94.3) million
people would have moderate visual impairment. If the current
age-sex specific rates of moderate visual impairment continue,
the prevalence in the years 2010 and 2020 would be 9.2% (95%
confidence interval 7.9 to 10.5%) and 10.7% (95% confidence
interval 9.3 to 12.1%) respectively. These prevalence rates sug-
gest that of the estimated 1168 million population of India in
2010,° 107 (95% confidence interval 92 to 122) million people
would have moderate visual impairment, and of the 1312 mil-
lion population in 2020,” 140 (95% confidence interval 122 to
158) million people would have moderate visual impairment if
the current trend continues.

DISCUSSION

APEDS was a population based study representative of the
population of the Indian state of Andhra Pradesh with a good
participation rate.

We have previously reported data on moderate visual
impairment from the urban area of APEDS using two defini-
tions of moderate visual impairment.” In the previous report,
the prevalence of moderate visual impairment in the urban
area was estimated at 7.2% with definition one (presenting
distance visual acuity <6/12-6/60 or equivalent visual field
loss), and 4.8% with the other more conservative definition
two (presenting distance visual acuity <6/18-6/60 or equival-
ent visual field loss).” These estimates were adjusted for the
population distribution of India available from the year 1991
census.’ For this report, we have adjusted the estimates for the
most recent data for the estimated population distribution of
India in the year 2000.”"” On adjusting the urban area
estimates for the estimated population distribution of India in
the year 2000, the prevalence of moderate visual impairment
in the urban area is estimated at 8.9% with definition one and
6.0% with definition two. In this report on the combined

www.bjophthalmol.com

results from four areas of APEDS, we have used only the latter
more conservative definition as three of the four areas of
APEDS were rural.

We have reported the prevalence of blindness at 1.84% for
this population.® In addition to the high prevalence of
blindness in this population, these data suggest that there is
also a significant burden of moderate visual impairment.

The main finding is the higher prevalence of moderate
visual impairment in the rural areas (8.9%) compared with
the urban area (6.0%). Though this finding is not surprising as
we have also found blindness higher in the rural areas
compared with the urban area in the same population, it does
indicate the poor eye care scenario in the rural areas of the
state.® The higher prevalence in the rural areas is possibly
related to less availability of eye care services in these areas
compared with the urban area. Based on the data presented in
this paper, it is not possible for us to comment on whether
there are reasons other than availability of eye care services for
high prevalence in the rural areas. The majority of the moder-
ate visual impairment in the urban and rural areas was treat-
able, as refractive error and cataract were responsible for 85%
of the moderate visual impairment. We have previously
reported 60% of blindness in this population was caused by
cataract or refractive error.’

Among the younger age groups, refractive error was the
main cause of moderate visual impairment. Refractive error
has also been reported as a significant cause of visual impair-
ment from the developed world.”" Treatment of refractive
error is perhaps the most simple and effective form of eye care.
To deal with the burden of refractive error related moderate
visual impairment certain issues that need to be addressed are
adequate infrastructure to facilitate the logistics of providing
affordable reasonable quality spectacles; availability of ad-
equate number of trained personnel to perform reasonable
quality refraction; creating demand and awareness for refrac-
tive services; and implementation of vision screening pro-
grammes on a large scale to detect those suffering from
refractive error.

Cataract was the main cause of moderate visual impairment
in the older population. There was a notable increase in the
prevalence of moderate visual impairment due to cataract in
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people 60 years of age and older. The Baltimore Eye Survey
also documented an increase in cataract as cause of visual
impairment in people 60 years of age and older,” and the
Visual Impairment Project in Melbourne documented an
increase in people 70 years of age and older.” The issues
regarding reducing moderate visual impairment due to
cataract are: adequate infrastructure to facilitate the logistics
of providing good quality cataract services; affordability of
cataract services by the population at large; availability of
adequately trained staff to provide cataract services; and
creating demand for cataract surgical services.

We have reported the demographic associations for moder-
ate visual impairment. Knowledge about these associations
can help in identifying the groups in the population, which
need particular attention in the strategies to reduce moderate
visual impairment. The demographic associations of moderate
visual impairment are not very different from those of blind-
ness reported earlier.® The chances of having moderate visual
impairment increased with increasing age. Females and those
belonging to the extreme lower and lower socioeconomic
strata were more likely to have moderate visual impairment.
These groups are disadvantaged in our society. As ours is a
patriarchal society, females are socially and financially
dependent on the male members of the family for their needs,
which results in their disadvantaged position. Those belong-
ing to the extreme lower and lower socioeconomic strata are
disadvantaged with regard to access to healthcare services,
including eye care services, mainly for economic reasons.
Therefore, an attempt has to be made to actively target these
groups to reduce moderate visual impairment. Attention of
the eye care programmes needs to be more actively in the rural
areas as these data suggest a higher prevalence of moderate
visual impairment in the rural areas. In addition, these data
also suggest variation within the rural areas themselves, as
those living in Adilabad, a poor rural area, were less likely to
have moderate visual impairment as compared with the other
two rural areas. This variation within the rural areas needs to
be understood further.

The World Health Organization has previously defined
blindness as best corrected visual acuity less than 3/60 or cor-
responding visual field loss in the better eye, and low vision as
best corrected visual acuity less than 6/18-3/60 in the better
eye.” The World Health Organization has also estimated
previously that the burden of low vision is three times that of
blindness."” The prevalence of visual impairment in the less
than 6/18-3/60 category, using the presenting visual acuity
definition and equivalent visual field loss, is 8.59% in our
population. This includes 8.09% prevalence of less than 6/18—
6/60 category reported in this article, plus the 0.50%
prevalence of less than 6/60-3/60 category reported earlier.®
The prevalence of blindness, defined as presenting visual acu-
ity less than 3/60 or central visual field less than 10 degrees in
the better eye, from our data is 1.34%.° These data suggest that
the burden of less than 6/18-3/60 category of visual
impairment in our population is six times higher than that of
blindness of less than 3/60. This six times higher burden is
twice that estimated by the World Health Organization with
the definitions using best corrected visual acuity.

The implications of these data on planning of eye care serv-
ices are noteworthy. The extrapolations of these data to the
years 2010 and 2020 estimate the burden of moderate visual
impairment if effective strategies are not put in place. It
should be noted, however, that the projection of 107 million in
2010 and 140 million in 2020 for India if current trends con-
tinue have 95% confidence intervals of 30 and 36 million
people respectively. Therefore, specific data would be required
for more precise planning at the state and district levels. How-
ever, in the background of the enormous burden of blindness,
scanty infrastructure, and inadequate staff for provision of eye
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care services, especially for our rural population, it may not be
justifiable to put resources into dealing with moderate visual
impairment at this time. It would be necessary, however, to
take into account these data on moderate visual impairment
when planning for eye care services in the long term. The cur-
rent strategies already focus on blindness, but the long term
strategies should include moderate visual impairment in
addition to blindness.

In conclusion, there is a significant burden of treatable
moderate visual impairment in this population in addition to
blindness. The predominant causes of moderate visual impair-
ment change with age. Refractive error is the main cause of
moderate visual impairment among the younger groups and
cataract in the older age groups. These data could help in
planning long term strategies for eye care services in India.
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