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A systematic review and meta‑analysis were conducted to estimate the prevalence of diabetic 
retinopathy  (DR) in India’s urban and rural areas. Medline, Scopus, and ScienceDirect databases were 
searched for population‑based studies published in English between January 1990 and April 2021, 
wherein the prevalence of DR among Indian residents with type 2 diabetes mellitus (DM) was reported. 
A  random‑effects model was used to estimate the overall, rural, and urban prevalence. Data from 10 
eligible studies were aggregated for meta‑analysis. The prevalence of DR was 17.44%  (95% confidence 
interval  [CI], 14.33–20.55) in urban and 14.00%  (95% CI: 9.13–18.86) in rural population  (P  =  0.24). The 
overall DR prevalence was 16.10% (95% CI: 13.16–24.32), and the population prevalence was 1.63% [95% 
CI: 0.94–2.32]. Prevalence of DR in people with diabetes was lower in the age group of 40–49 years [13.57% 
(95% CI: 7.16–19.98)] than in the age group of 50–59 years [16.72% (95% CI: 12.80–20.64)] and the age group 
of 60 years and above [16.55% (95% CI: 12.09–21.00)]. Variability in studies was high: urban (I2 = 88.90%); 
rural  (I2  =  92.14%). Pooled estimates indicate a narrow difference in DR prevalence among people with 
diabetes in rural and urban India. The fast urbanization and increasing diabetes prevalence in rural areas 
underscore the need for providing equitable eye care at the bottom of the health pyramid.
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The worldwide prevalence of diabetic retinopathy  (DR) 
was estimated to be 34.6% among people with diabetes 
mellitus (DM) in 2012.[1] A recent meta‑analysis (comprising 
59 studies) found a lower prevalence estimate of 22.27%, with 
the highest prevalence in the African and North American 
regions and a comparatively lower prevalence in South‑East 
Asia.[2] In 2000, it was estimated that India would be home to 
nearly 80 million people living with DM by 2030.[3] However, 
with an estimated 77 million people with diabetes in 2019, the 
predicted disease burden has arrived in India nearly a decade 
earlier. The revised projection forecasts that 130 million people 
will be living in India with diabetes by 2045.[4]

The Indian ICMR‑INDIAB study, a nationally representative 
population‑based study, reported a lower prevalence of DM in 
rural (5.2%) than urban (11.2%) India. However, there was a 
distinct difference between affluent rural communities (6.4%) 
and lower socioeconomic rural populations (3.9%).[5] With a 
rapid change in the socioeconomic structure in India and the 
fast urbanization of rural settlements, the gap between urban 

and rural areas in the prevalence of DM is likely to narrow. 
In the last five decades, the prevalence of DM has increased 
in rural and urban India from 2.4% and 3.3% in 1972 to 15% 
and 19%, respectively, in 2015–2019;[6] it is higher than the 
worldwide rural (7.2%) and urban (10.8%) prevalence of DM.[4] 
It is, therefore, necessary to study the impact of DM on vision 
in this population because eye care services in rural India are 
scarce, and nearly 65% of people of India live in villages.[7] The 
recent rollout of health programs such as the National Program 
for Prevention and Control of Cancer, Diabetes, Cardiovascular 
Diseases, and Stroke  (NPCDCS) and National Multisectoral 
Action Plan (NMAP) across India has a limited provision of 
eye care built into these systems.[8]

The rural‑urban divide and the socioeconomic burden of DR 
in India have been studied in only some regions of India. The 
studies investigating the DR prevalence in the rural and urban 
communities of the same ethnic population have indicated a 
higher prevalence in urban than in rural areas, with an odds of 
1.4–6 times higher in the urban population.[9,10] A wide range in 
DR prevalence has been reported in studies of urban and rural 
people alone, 10.1%–22.4% and 9.6%–32.5%, respectively.[11–14] 
The wide variation might have been due to differences in 
the study type  (population/camp/hospital‑based), surveyed 
population, and the survey period.
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There is insufficient data of a nationally representative 
population‑based study on DR burden in India and the impact 
of socioeconomic, dietary, and genetics in a culturally, socially, 
and economically diverse country. Therefore, we reviewed the 
published population‑based studies in India and performed 
a meta‑analysis of the aggregated data to determine the 
prevalence of DR among people with diabetes mellitus in rural 
and urban India.

Methods
Search strategy: The systematic review and meta‑analysis 
followed the MOOSE guidelines for prevalence studies.[15] 
Our study question was  ‑ what is the prevalence of diabetic 
retinopathy among people with diabetes mellitus in rural 
and urban India? The literature search was conducted 
for articles published in the English language indexed in 
the Medline, Scopus, and ScienceDirect databases. The 
search keywords were a combination of both controlled 
vocabulary (MeSH‑ Medical Subject Heading terms) and free 
text words  – MEDLINE  (PubMed): “epidemiology”[MeSH 
Subheading]  OR “epidemiology”[Al l  F ie lds]  OR 
“prevalence”[All Fields] OR “prevalence”[MeSH Terms]), 
AND “diabetes mellitus”[MeSH Terms] OR  (“diabetes”[All 
Fields] AND “mellitus”[All Fields]) OR “diabetes mellitus”[All 
Fields] OR “diabetes”[All Fields] OR “diabetic”[All Fields] OR 
“diabetics”[All Fields] AND “diabetic retinopathy”[MeSH Terms] 
OR (“diabetic”[All Fields] AND “retinopathy”[All Fields]) OR 
“diabetic retinopathy”[All Fields]) AND (“india”[MeSH Terms] 
OR “india”[All Fields]. Scopus: TITLE‑ABS‑KEY  (“diabetic 
retinopathy” prevalence AND india). ScienceDirect: Terms: 
diabetes, prevalence, India; Title, abstract, keywords: “diabetic 
retinopathy.” Reference lists of eligible publications and related 
reviews were scanned to identify relevant studies. The literature 
search was conducted on April 10, 2021 and was limited to 
studies published between January 1, 1990 and April 10, 2021. 
The study followed the Tenets of the Declaration of Helsinki.

Eligibility criteria: Inclusion: population‑based studies, 
subjects residing in India, and the studies with published 
data on the estimated prevalence  (with/without confidence 
intervals). From the communications on the same population 
sample, the highest quality  (risk‑of‑bias assessment) study 
and the most recent data were included. Exclusion: studies 
conducted only on people with type 1 DM, or the proportion 
of type 1 DM participants >10% when the study included both 
types of DM, and studies where the number of eyes was used 
as the denominator for the calculation of prevalence. The study 
did not include conference abstracts and grey literature (articles 
not available via conventional publication channels, i.e., 
unpublished studies, governmental reports, etc.).

Screening, quality assessment, and data extraction: After deleting 
duplicate records within and between different bibliographic 
databases, two authors (UCB, ASB) independently reviewed 
the remaining titles and abstracts to identify potentially eligible 
articles before a full appraisal. Discrepancies between the 
screened abstracts were adjudicated by a third independent 
reviewer (JS). In the full review, a thorough quality assessment 
of the full‑text articles was done using the Joanna Briggs 
Institute  (JBI) standardized critical appraisal checklist for 
prevalence studies to ascertain the bias (JBI Critical Appraisal 
Checklist for Studies Reporting Prevalence Data).[16] Any 
disagreement between the reviewers was resolved through 
consensus involving a third reviewer (JS). In the meeting, a 

thorough discussion was carried out on methodology, the 
possibility of bias in design, conduct and analysis, and the 
extent to which this bias was addressed. Subsequently, studies 
were excluded that did not qualify the appraisal. In the case 
of multiple publications from the same survey or overlapping 
data, preference was given to the most recent study or the 
one with the most inclusive information. Discrepancies in 
study eligibility were resolved through discussion. Data were 
extracted from each article by using a standardized spreadsheet 
designed in advance and coded as required. All attempts were 
made to contact the study authors for missing/incomplete data.

Statistical analysis
Data were extracted from the selected studies and entered in 
Microsoft® Excel software for Mac version 16.48 and further 
analyzed using Stata 16  (Stata Corp.  2020. Stata Statistical 
Software: Release 16. College Station TX). Meta‑analysis of 
pooled prevalence data was represented with a forest plot 
with effect size from each study, 95% confidence intervals, 
and percent weight assigned to each survey. Due to the varied 
methodology of the selected studies, substantial heterogeneity 
was expected. Thus, the random‑effects method was used to 
calculate the pooled effect size. The estimate of heterogeneity 
was calculated using an inverse‑variance model.[17] Publication 
bias was assessed through funnel plot and using the Eggers 
test. Heterogeneity was evaluated through Higgin’s I2 
statistics expressed in percentages, tau squared statistics, 
and heterogeneity test statistics (Chi‑square and P value). We 
considered Higgin’s I2 values of 25%, 50%, and 75% as low, 
moderate, and high heterogeneity, respectively.[18] Subgroup 
analysis was also conducted by rural/urban setting, age group 
of the study participants, study regions, epidemiological 
transition level (ETL) status of the study location, and survey 
period. Further analysis was conducted on the prevalence 
of sight‑threatening DR  (STDR) and diabetic macular 
edema (DME). A regression analysis of prevalence with respect 
to the year of study was performed.

Results
Ten articles were found to be eligible for the systematic review 
and meta‑analysis, and the extraction process is detailed in the 
flow chart [Fig. 1]. The studies had recruited 98,451 individuals; 
9%  (n =  8,866) people had DM, and 1,327  (14.9% of people 
with DM and 1.3% of the cohort) of them had DR. Table  1 
summarizes the study characteristics and results.

The selected studies for the meta‑analysis had methodological 
variations. We used the random‑effects model using effect size 
and standard error of the effect size (effect size is the prevalence 
of DR among the people with DM). The meta‑analysis suggested 
high heterogeneity or variability between the studies  (tau 
squared  =  19.13, Higgins I2  =  92.70% with heterogeneity 
Chi‑squared = 87.70, degree of freedom = 9, and P < 0.001). The 
overall DR prevalence estimate in the population was 1.63% [95% 
Confidence Interval [CI]: 0.94–2.32]. The DR prevalence in the 
individual studies within the diabetic group ranged between 
10.25% and 26.15%, with a pooled prevalence of 16.10% (95% 
CI: 13.16–19.04). High heterogeneity resulted in approximately 
equal weightage given to each study (range: 6.78–11.51) by 
the random‑effects model. Figs. 2 and 3 present the forest plot 
showing the pooled effect size from the meta‑analysis.

Subgroup analyses were performed for the study 
settings (urban and rural), age groups (40–49 years, 50–59 years, 
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and  ≥60  years), study regions  (south India and west/east 
India), epidemiological transition level  (ETL) status of the 

Indian state in which the study was conducted, survey 
period (in blocks of 10 years), STDR, and DME. With respect 
to the setting, the pooled prevalence of DR in urban India 
was higher, that is, 17.44% (95% CI: 14.33–20.55), than in rural 
India, that is, 14.00% (95% CI: 9.13–18.86), but the difference 
was not statistically significant (P = 0.24). Variations in studies 
in both urban (I2 = 88.90%) and rural (I2 = 92.14%) areas were 
high [Fig. 4].

The age categories were different in the studies included in 
the current meta‑analysis. Pooled prevalence of DR in people 
with DM between age 40 and 49 years was lower [13.57% (95% 
CI: 7.16–19.98)] than in the age group of 50–59  years 
[16.72% (95% CI: 12.80–20.64)] and  ≥60  years  [16.55% 
(95% CI: 12.09–21.00)] [Fig. 5].

Seven of ten studies were conducted in south India (Kerala, 
Tamil Nadu, and Telangana), two studies were conducted in 
western India (Maharashtra), and one study was conducted in 
eastern India (Bihar). Pooled prevalence of DR in people with 
DM was higher in south India [16.33% (95% CI: 12.02–20.63)] 
with high variability  (I2  =  95.91%) compared to west/east 
India  [15.24%  (95% CI: 13.42–17.06)]  [Fig.  6]. Of the Indian 
states included in the current meta‑analysis, one was a low ETL 
state (Bihar), two were higher middle ETL states (Maharashtra 
and Telangana), and two were high ETL states  (Kerala and 
Tamil Nadu).[29] Though the low ETL state (Bihar) had a higher 
prevalence [18.91% (95% CI: 13.49–24.32)] as compared to the 
middle [15.28% (95% CI: 13.41–17.15)] and high [15.56% (95% 
CI: 11.02–20.09)] ETL states, the difference in DR prevalence 
between the subgroups was not statistically significant. 
Subgroup analysis of studies conducted in the past three 
decades showed higher DR prevalence in 1990–2000 [22.58% Figure 1: Systematic review and meta-analysis flow chart

Figure 2: Forest plot showing the pooled effect size of the overall DR prevalence in the population
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Table 2: Subgroup analysis for comparison of prevalence of diabetic retinopathy along with statistics related to heterogeneity

Subgroup analysis Prevalence (95% 
Confidence Interval, CI)

I2 Tau squared 
value

Heterogeneity test

Chi value DF* P

Region

Urban 17.44 (14.33‑20.55) 88.90 13.34 33.48 6 <0.001

Rural 14.00 (9.13‑18.86) 92.14 26.70 24.83 4 <0.001

Overall 16.24 (13.23‑19.24) 93.13 23.47 98.36 11 <0.001

Age group

40‑49 years 13.57 (7.16‑19.98) 92.99 39.08 56.91 3 <0.001

50‑59 years 16.72 (12.80‑20.64) 77.57 14.77 16.53 4 <0.001

≥60 years 16.55 (13.07‑18.51) 82.13 24.29 23.85 5 <0.001

Overall 15.79 (13.07‑18.51) 85.80 23.52 110.6 14 <0.001

Location

South India 16.33 (12.02‑20.63) 95.92 30.27 84.17 6 <0.001

West/East India 15.24 (13.42‑17.06) 0 0 2.27 2 0.32

Overall 16.10 (13.16‑19.04) 92.70 19.13 87.70 9 <0.001

Epidemiological Transition Level

Low 18.91 (13.49‑24.32) ‑ ‑ ‑ ‑ ‑#

Higher middle 15.28 (13.41‑17.15) 0 0 4.33 2 0.11

Higher 15.56 (11.02‑20.09) 96.46 29.88 79.02 5 <0.001

Survey Period

1990‑2000 22.58 (15.22‑29.94) ‑ ‑ ‑ ‑ ‑#

2001‑2010 16.68 (11.72‑21.64) 95.93 29.42 55.81 4 <0.001

2011‑2020 14.18 (10.85‑17.50) 82.13 8.91 17.51 3 <0.001

Sight threatening diabetic retinopathy 4·52 (2·93‑6·11) 72·32 1·75 9·13 3 0·03
Diabetic macular edema 2·10 (1·54‑2·65) 44·68 0·17 8·32 4 0·08

*DF=degree of freedom, #=less than three studies

Figure 3: Forest plot showing the pooled effect size of the DR prevalence within the diabetic group in the included studies
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(95% CI: 15.22–29.94)] than the blocks of 2001–2010 [16.68% 
(95% CI: 11.72–21.64)] and 2011–2020  [14.18%  (95% CI: 
10.85–17.50)]. A regression analysis of prevalence with respect 
to the year of study showed a negative relationship [Fig. 7]. 
Details of subgroup analysis are given in Table 2. STDR was 
reported in four studies with an overall prevalence estimate 
of 4.52%  [95% CI: 2.93–6.11] among people with DM. DME 
was calculated from five studies, with the overall prevalence 
estimate, among people with DM, of 2.10% [95% CI: 1.54–2.65].

We also explored the effect sample size in each study, 
impacting the effect size through meta‑regression analysis. 
The analysis suggested a minor negative correlation of 
effect size with increasing sample size [Fig. 8]. Assessment 
of publication bias is less reliable in the presence of high 
variability/heterogeneity between the studies. Nevertheless, 
we assessed bias and minor study effects by observing the 
funnel plot and Egger’s test for small‑study effects. The 
Egger’s test result of effect estimates against its standard 

error suggested a publication bias  (P  =  0.023; beta  =  3.25, 
and z value  =  2.27). The funnel plot confirmed this 
observation [Fig. 9].

Discussion
Our meta‑analysis findings of a lower DR prevalence in rural 
India  (14.0% rural vs. 17.4% urban) concurs with India’s 
published rural‑urban diabetes trend, but the difference was 
not statistically significant.[5] The older adults had a higher 
prevalence, the same as reported in the previous studies, and 
reflect the duration of diabetes.[10,30] Comparison of the prevalence 
of DR in rural and urban India has not been performed earlier, 
although the SMART India multicenter study is underway;[31] 
the current one is the first meta‑analysis. Incidentally, most 
studies that met the inclusion criteria of the present meta‑analysis 
were from south India, limiting the extrapolation of the study 
results to the entire country. The pooled prevalence in the south 
Indian studies showed a high degree of variability and a higher 

Figure 4: Pooled prevalence of DR in urban and rural India
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prevalence of DR than the rest of the country. The prevalence of 
DME in this meta‑analysis (2.1%) is apparently lower than an 
estimate from an urban South‑Indian population survey (the 
prevalence of center‑involving DME was 3.03% as against 10.8% 
for non‑center‑involving DME).[32] The studies that reported 
DME in this meta‑analysis did not have a uniform reporting 
method. Optical coherence tomography use in the diagnosis of 
DME was limited.

The high variation in the pooled prevalence in urban and 
rural areas may partly reflect rapid urbanization and uneven 
development in different parts of India in the last two decades 
when these studies were carried out and partly reflect the high 
prevalence of DM in south India.[5,33] The critical urban‑rural 
wage gap from 51% in 1983 to 27% in 2010 and the increase 
in urban population from 28.5% in 2001 to 34% in 2019 
testify the changing lifestyle and urban migration from rural 
agriculture‑based jobs.[6,34]

Figure 5: Pooled prevalence of DR in people with diabetes in various age groups
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Three global meta‑analyses have attempted to address 
the question of the prevalence of DR among people with 

diabetes. The META‑EYE study included participant‑level 
data from three Indian studies: Andhra Pradesh Eye Disease 
Study  (APEDS), Chennai Urban Rural Epidemiology 
Study (CURES), and Sankara Nethralaya Diabetic Retinopathy 
Epidemiology and Molecular Genetics Study (SN‑DREAMS); 
the meta‑analysis by Ruta et al. had included two studies by 
Rema et al., and Namperumalsamy et al.[1,35] The recent study 
by Teo et  al.[2]  included 11 studies from India and reported 
an estimate of DR prevalence [16.99% (95% CI: 14.13–20.28)] 
in the South‑East Asian region similar to our study analysis. 
Teo et  al.[2] reported a lower prevalence of DR in people of 
Asian ethnicity. However, South Asia has a high population 
density. The absolute number of individuals with DM is on 
the rise; therefore, it deserves a further analysis of the regional 
prevalence and variation. Two meta‑analyses from China 
reported DR prevalence of 18.45% and 23%, and these studies 
reported a higher rural than urban prevalence.[36,37]

India is a developing country with varying levels of 
socioeconomic development and cultural disparities. Asaria 
et al.[38] explored the inequalities in health across social groups 
and various diseases in India. Higher life expectancy at birth has 

Figure 6: Pooled prevalence of DR in people with diabetes in different regions of India

Figure 7: DR prevalence trend through time according to the publication 
year of the studies
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been reported in urban households than rural ones, irrespective 
of the wealth status. This inequality is further exemplified in the 
distribution of life expectancy by gender—men in urban areas 
had the widest distribution, and women had the narrowest. The 
impact of the duration of DM on the incidence of DR is known. 
A  lower life expectancy in rural populations may contribute 
to the lower DR prevalence in rural India.[13] The impact of 
life expectancy on microvascular complications in the diabetic 
population in rural and urban areas merits further investigation.

There is a clear socioeconomic status  (SES) and ETL 
divide in India.[29] Socioeconomic status plays a vital role 
in the prevalence and care of diabetes worldwide.[39–43] The 
Indian data on the prevalence in various socioeconomic strata 
report equivocal results, and the study settings are primarily 
urban.[10,12,23,44] A rising prevalence of DM in individuals with 
higher SES in the rural community may put a large population 
of rural India at risk of vision loss due to DR.[5] Variation in 
DM and DR prevalence between different regions and states 
of India reported by various studies agreed with our subgroup 
analyses. However, there was high heterogeneity in south 

Indian studies;[33,45] a majority of population‑based DR surveys 
in south India or the higher ETL of the southern states may be 
ascribed to the variability.

The negative attributes of changing dietary habits coupled 
with physical inactivity have increased obesity and diabetes 
in rural and semi‑urban areas.[46] The increasing risk of DM 
has also been recorded in individuals who had a history of 
childhood malnutrition and rural‑to‑urban migrants.[47,48] There 
are considerable differences in India’s dietary patterns of rural 
and urban and rich and poor households.[49] In rural and urban 
areas, the affluent families consume >3000 kcal/day, that is, 20% 
more than the reference diet. Their calorie intake per person/
day is almost twice as high as their poorest counterparts, who 
consume only 1645 kcal/person/day.[50] Social welfare programs 
for rural India favoring heavy subsidies on rice, sugar, and 
palm oil through public distribution systems lead to increased 
consumption of low nutrient calorie‑rich food. Relative low 
price and high accessibility of energy‑dense but low‑nutrient 
food decrease the consumption of whole grains, fruits, and 
vegetables.[51] High total caloric intake has been linked with a 
higher risk of DR.[52]

Figure 8: Meta-regression analysis shows the correlation of effect size 
with increasing sample size in the studies Figure 9: Funnel plot showing publication bias

Figure 10: Risk of bias assessment in the included studies
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The rising rural prevalence of DR can be attributed to the 
limited access to health care and poor health‑seeking behavior 
resultant of low education levels prevalent in rural India. Low 
education may directly impair an individual’s ability to obtain 
adequate care and reduce life opportunities that may hold them 
from meeting the health care expense in general and force 
them to live in neighborhoods with worse access to healthcare 
facilities.[53] A population with no history of schooling in a 
rural setting was found to have the highest risk of DR in a 
south Indian study.[14] Low awareness about the importance of 
seeking timely care and the limited access to healthcare in rural 
settings may contribute to the higher prevalence. Association 
between low education level in the lower socioeconomic group 
and the development of DR have been observed in studies by 
various research groups in different geographic locations.[54–56]

These conclusions on the DR prevalence in rural and 
urban India in this meta‑analysis drawn from studies in India 
conducted during the past two decades indicate no statistically 
significant trend in DR prevalence over time, though a 
regression analysis hinted at a negative correlation. The results 
are in agreement with the world diabetic retinopathy trend.[2] 
The other strength of the study was the large effect sample 
allowing subgroup meta‑analysis.

The included studies had some limitations: they were 
restricted to only a few regions of India and used varying 
sampling methods and diagnostic criteria for DM and 
DR [Table 1]; not all studies provided prevalence data on STDR, 
proliferative and nonproliferative DR. This meta‑analysis 
study included only peer‑reviewed articles and did not include 
governmental reports. In addition, the urban and rural criterion 
was not objectively defined; instead, it was self‑declared by 
each study. With rapid urbanization and uneven development 
in different parts of India, the definitions of urban and 
rural regions must have changed during the past decades, 
contributing further to the study heterogeneity. The publication 
bias for reporting the DR prevalence in urban and rural India as 
brought out by this study suggests the nonreporting of negative 
studies or selective outcome reporting in the published studies. 
The cumulative risk of bias assessment is presented in Fig. 10.

The study, however, shows a narrowing gap in DR 
prevalence between urban and rural India. This should alert 
the policymakers as the absolute number of the affected 
individuals in the rural population will be significant because of 
the larger rural Indian population. It calls for strategic planning 
and integration of eye care into the national health programs 
focusing on noncommunicable diseases.[57] Strengthening the 
teleophthalmology platforms by capitalizing on expanding 
mobile internet penetration to rural India is feasible. 
A nationally representative study to determine the prevalence 
of DR and DME across states and several sociocultural and 
economic factors is a long‑felt need.

Conclusion
The population-based studies in India have not yielded 
consistently convergent prevalence estimates on diabetic 
retinopathy. Wide variation in the rural-urban prevalence has 
been reported. Pooled estimates in this meta analysis study 
show a lower prevalence of DR in rural India, gradually 
inching up to the urban prevalence, the difference statistically 
insignificant. This underscores the need for   improving eye 
care at the primary and secondary levels in India. Inclusion of 
comprehensive eye care with screening for diabetic retinopathy 
in the national programs in India could be the first logical step 
in the care of this emerging disease.
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