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ABSTRACT
Objectives To investigate the prevalence of near- vision 
impairment (NVI) and effective spectacle coverage for near 
vision in those aged ≥40 years in Khammam and Warangal 
district in Telangana, India.
Design A population- based cross- sectional study.
Setting Khammam and Warangal district in Telangana, 
India.
Participants Of 6000 people enumerated, 5357 were 
examined (89%). 4526 participants without distance vision 
impairment were included in the analysis.
Main outcome measures The study teams visited 
selected households and conducted eye examinations. 
NVI was defined as binocular presenting near vision worse 
than N6. ‘Unmet need’ was deemed to be present if the 
unaided near vision was worse than N6 and improved 
to N6 with near correction among the participants who 
did not have spectacles for near vision. ‘Met need’ was 
deemed to be present when unaided near vision was 
worse than N6 but improving to N6 with their spectacles. 
The ‘undermet need’ was deemed to be present when 
aided near vision was worse than N6 but improved to 
N6 with correction. Based on these definitions, e-near- 
vision coverage (%) is calculated as follows: e- NVC 
(%)=met need/(met need+undermet need+unmet need) 
× 100.
Results The mean age was 53.5 years (SD: 10.8 years), 
2534/4526 (55.8%) were women, 1819/4526 (41.8%) had 
at least primary school education and 2368/4526 (52.3%) 
were from the Khammam district. The prevalence of NVI 
was 55.8% (95% CI 72.5 to 75.1; n=3343). Overall, the 
e- NVC (%) was 31.8%. It was 40.0% in Khammam and 
23.2% in Warangal.
Conclusion NVI is common in Khammam and Warangal 
districts in Telangana with inadequate effective near- vision 
coverage. Effective service delivery models are needed to 
reach out and provide services to address NVI to achieve 
universal eye health coverage in the region.

INTRODUCTION
Near- vision impairment (NVI) is a public 
health challenge that impacts over a billion 
people globally.1 The issue of NVI is gaining 
importance in the recent past as studies indi-
cate a high prevalence with an adverse effect 

on the visual functions of people in different 
settings2–10 The economic impact of uncor-
rected presbyopia and also improvement in 
productivity on the provision of near vision 
spectacles has been reported.11 12 As a recog-
nition of its importance, NVI is now included 
in the categories of vision impairment.13 A 
vast majority of the NVI is due to presbyopia, 
which is an age- related condition. With an 
increasing proportion of the elderly in most 
populous countries such as India, the prev-
alence and the number of people with NVI 
is likely to increase over time unless appro-
priate strategies are put in place.

Fortunately, a large proportion of NVI can 
be corrected with a pair of spectacles. NVI has 
been widely studied in the past years.5 8 14–17 
NVI is known to have significant regional 
variability, and local studies are needed to 
estimate its prevalence.18 Universal health 
coverage (UHC), as defined by WHO, encom-
passes preventive, promotive, curative and 
rehabilitation components of care delivered 
to people without incurring financial hard-
ships.19 Universal eye health (UEH) forms 
the integral part of UHC.20 UEH aims to 
address avoidable vision loss including NVI. 
Spectacles coverage (%) is commonly used as 

Strengths and limitations of this study

 ► Large population- based study design that achieved 
a good response rate and covered two large districts 
in the state of Telangana in India.

 ► Nearly a third of the individuals aged ≥40 years with 
no distance vision loss had near vision impairment 
in Warangal and Khammam in Telangana, India.

 ► We have excluded participants with distance visual 
impairment that might have affected our estimation 
of near- vision impairment.

 ► The inability to do refraction during the study could 
be a limitation.
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an impact indicator for refractive error services and also 
for presbyopia. Recently, new indicators such as effec-
tive refractive error coverage (%) and refractive error 
coverage have been proposed, which can also be used 
as an indicator for NVI.21 Several service delivery models 
such as the vision centre model are being implemented 
to provide primary eye care including the provision of 
spectacles for uncorrected refractive errors and NVI in 
India.22 23 Knowing the prevalence of NVI and impact 
indicators such as near- vision coverage and effective near- 
vision coverage can help in planning and monitoring of 
primary eye care services to achieve universal eye health 
coverage.

A large population- based cross- sectional study was 
undertaken among individuals aged 40 years and older 
in two large districts in the state of Telangana in India, 
using the Rapid Assessment of Visual Impairment 
methodology.24 25 The temporal trends in the preva-
lence and causes of visual impairment and spectacles 
use and coverage for refractive errors for distance were 
published.26 27 In this paper, we report on NVI and 
effective near spectacle coverage for near vision in this 
population.

MATERIALS AND METHODS
Ethics approval
The study protocol adhered to the tenets of the Declara-
tion of Helsinki. Written informed consent was obtained 
from each participant before enrolment in the study.

The study was carried out in Warangal and Khammam 
districts in Telangana during the year 2017. Khammam 
and Warangal are the large neighbouring districts in 
the Telangana state with a population of 2.9 million and 
3.5 million, respectively. Both the districts are predomi-
nantly rural, and agriculture is the main occupation. The 
literacy rate in both the districts is around 65% as per the 
2011 census. The details of the sample selection proto-
cols are described in previous publications.26 27 In short, 
cluster random sampling method was used to select the 
clusters in both the districts. In each cluster, 50 individ-
uals aged 40 years and older were enumerated, and all 
those who were available were examined.25 This study was 
nested in a larger study that was aimed to assess the prev-
alence and causes of distance visual impairment in this 
population and had an adequate sample size to assess the 
prevalence of NVI.26 27

Data collection
The data collection protocol is described in earlier 
publications.26 27 In short, a team comprising a trained 
vision technician and a community eye health field-
worker visited the households in the selected clusters 
and conducted eye examinations. Three teams were 
involved in the data collection. A reliability study was 
set up to assess the agreement between the examiners 
for visual acuity assessment, and the three teams had a 
minimum kappa of 0.6 with a gold standard optometrist. 

Personal and demographic information such as age, 
gender, education and use of spectacles were collected. 
Distance visual acuity was assessed at a distance of 6 
m using a standard Snellen chart, monocularly and in 
ambient lighting conditions. Near vision was assessed 
binocularly at a fixed distance of 40 cm using an N nota-
tion chart with tumbling E optotypes, in good lighting 
conditions. If a participant reported using spectacles for 
near vision, then the vision was assessed with spectacles, 
in addition to unaided near vision. If the presenting 
near vision was worse than N6, then it was reassessed 
with a near addition lens appropriate to the age of the 
participant. This was considered as best- corrected near 
vision as described in previous publications.17 25 Multiple 
random visits were made to the field sites to monitor the 
data collection and verify the findings. All the records 
were reviewed before leaving the field to ensure the 
completeness of the forms.

Definitions
NVI was defined as binocular presenting near vision worse 
than 6/12 (N6). This was further categorised as mild NVI 
(<6/12–6/18; N8–N10), moderate NVI (<6/18–6/60; 
N12–N32) and profound NVI (worse than 6/60; worse 
than N32). Similar definitions were used in a multicentre 
study on NVI.5 18 In line with other studies, functional 
presbyopia was defined as presenting near vision worse 
than N8 (6/15) and improving to at least N8 or better 
with near addition.14 17 28 29

The effective near- vision coverage (e- NVC) was calcu-
lated using similar methods proposed for effective 
distance refractive error coverage calculation described by 
McCormick and colleagues.21 ‘Unmet need’ was deemed 
to be present if the unaided near vision worse than N6 
and improved to N6 on near correction among the partic-
ipants who did not have spectacles for near vision. ‘Met 
need’ was deemed to be present when unaided near vision 
was worse than N6 but improving to N6 with their spec-
tacles. The ‘undermet need’ was deemed to be present 
when aided near vision was worse than N6 but improved 
to N6 with correction. Based on these definitions, e- NVC 
(%) is calculated as follows: e- NVC (%)=met need / (met 
need+undermet need+unmet need) × 100.

NVC (%) coverage was also estimated where the 
undermet need is added to the numerator.21 NVC (%) 
is calculated as follows: NVC (%)=met need+under met 
need / (met need+under met need+unmet need) x 100. 
NVC (%) is intended to measure the UHC element 
of access to NVI care. This is similar to the spectacle 
coverage (%) for near vision described in the earlier 
studies.14 17 29 30 Based on e- NVC (%) and NVC (%), rela-
tive quality gap (RQG- NVC (%)) is calculated as follows: 
RQG- NVC (%)=1− (e- NVC (%)/NVC (%)).

Patient and public involvement
Patients and public were not involved in the design and 
the conduct of the study.
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Data management
Data analysis was carried out using Stata statistical soft-
ware V.14.31 The participants with distance visual impair-
ment were not included in the analysis. Prevalence of 
presenting, unaided and best- corrected NVI was calcu-
lated and presented with 95% CIs. A χ2 test was used for 
categorical variables, and a Student’s t- test was used for 
continuous variables. Multivariable analysis was done 
using multiple logistic regression analyses to assess the 
factors associated with NVI. The ORs with 95% CIs are 
presented. The model fit was assessed using the Hosmer- 
Lemeshow test for goodness of fit. A p value of <0.05 was 
considered significant for all the estimates.

RESULTS
Characteristics of the participants
In total, 6000 participants aged ≥40 years were enumerated, 
and 5357 (89%) were examined from 120 study clusters. 
Eight hundred and thirty- one of 5357 (15.5%) participants 
who had distance visual impairment (presenting visual 
acuity worse than 6/18 in the better eye) were excluded 
from the analysis. Of the remaining, 4526 participants 
included in the analysis, the mean age was 53.5 years (SD: 
10.8 years), 2534 (55.8%) were women, 1819 (41.8%) 
had any degree of education and 2368 (52.3%) were 
from the Khammam district. The mean age of the partic-
ipants examined in Warangal was marginally higher in 
Khammam (54.6 years vs 52.4 years; p<0.05). There was no 
statistically significant difference in the proportion of men 
and women examined in these districts (χ2 test; p=0.53).

NVI and associations with sociodemographic characteristics
Based on presenting near vision, the prevalence of NVI 
was 55.9% (95% CI 54.3 to 57.3; n=2528). On univari-
able analysis, NVI varied significantly across the age 
groups and was highest in the oldest age group (71.9%) 
and the least in the 40–49 years age group (50.8%). NVI 
was higher among women compared with men (59.9% 
vs 50.8%; p<0.01). It was higher among those who were 
not educated (p<0.01) and also among those who lived in 
Warangal district (p<0.01) (table 1).

On applying multiple logistic regression analysis, 
compared with those aged 40–49 years, the odds of NVI 
were significantly higher in the 60–69 years age group 
(OR: 1.40; 95% CI 1.18 to 1.66) and the highest in the 
oldest age groups (OR: 2.20; 95% CI 1.75 to 2.75). Women 
had a significantly higher odds for NVI compared with 
men (OR: 1.21; 95% CI 1.06 to 1.38). Similarly, those who 
had no education had higher odds for NVI compared 
with those who had any level of education (OR: 1.81; 
95% CI 1.6 to 2.06). The odds for NVI were higher for 
those residing in the Warangal district compared with 
those from Khammam district (OR: 1.33; 95% CI 1.18 to 
1.50) (table 2).

Categories of NVI and functional presbyopia
The prevalence of NVI based on unaided, presenting and 
best- corrected near vision were 73.8% (95% CI 72.5 to 

75.1), 55.8% (95% CI 56.4 to 57.3) and 15.7 (95% CI 14.7 
to 18.8), respectively. While the NVI based on unaided 
near vision was similar in both districts (p=0.39); based on 
presenting and best- corrected vision, the prevalence was 
higher in Warangal compared with Khammam (p<0.01) 
(table 3). Prevalence of functional presbyopia was 41.1% 
(95% CI 39.0 to 42.5). It was significantly similar in 
Khammam compared with the Warangal district (40.1% 
vs 42.1%; p=0.144).

Based on presenting near vision, 1876 (44.1%; 95% CI 
40.9 to 42.9) had mild NVI, 639 (14.2%; 95% CI 13.1 to 
15.2) had moderate NVI and 13 (0.3%; 95% CI 0.1 to 
0.5) participants had profound NVI. The categories of 
NVI varied significantly by district of residence (p<0.01) 
(figure 1).

e-NVC (%) for NVI
Overall, the e- NVC (%) was 31.8%, NVC (%) was 33.1% 
and NVC (%) gap was 4.1%. The e- NVC (%) and NVC (%) 
were higher in Khammam, but NVC (%) gap was higher 
in Warangal, suggesting better quality and coverage in 
Khammam compared with that of Warangal (table 4).

DISCUSSION
Over 55% of the participants examined had NVI with a 
significantly higher prevalence in the Warangal district 
compared with that of Khammam. Our previous research 
reported a higher prevalence of visual impairment for 
distance in Warangal, which has continued to remain 
higher in subsequent studies.27 An improvement in spec-
tacles coverage (%) for distance vision was reported in 

Table 1 The characteristics of the study participants and 
the prevalence of near vision impairment (n=4526)

Total in the 
sample

Near- vision impairment

P valuen (%; 95% CIs)

Age group (years) <0.01

  40–49 1970 1001 (50.8; 48.6 to 53.0)

  50–59 1236 665 (53.8; 51.0 to 56.6)

  60–69 857 529 (61.7; 58.4 to 65.0)

  70 and 
above

463 333 (71.9; 67.6 to 76.0)

Gender <0.01

  Male 2002 1017 (50.8; 48.6 to 53.0)

  Female 2524 1511 (59.9; 57.9 to 61.8)

Education level <0.01

  No 
education

2635 1668 (63.3; 61.4 to 65.1)

  Any 
education

1891 860 (45.5; 43.2 to 47.8)

Place of residence <0.01

  Khammam 2368 1224 (51.7; 50.0 to 53.7)

  Warangal 2158 1304 (60.4; 58.3 to 62.5)

Total 4526 2528 (55.9; 54.4 to 57.3)
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Khammam district.26 There is no comparative data avail-
able for NVI in these districts. Availability and uptake of 
services could be one important reason, as LVPEI has 
an integrated network of primary eye care centres in 
Khammam in contrast to no such network in Warangal. 
Other risk factors of presbyopia such as ambient tempera-
ture and geographical altitude are similar in both the 
districts.32–35

Similar to other studies in this region, we found a 
higher prevalence of NVI in these two districts, which 
can possibly be attributed to poor uptake of services. The 
association between gender and NVI had been inconsis-
tent across the studies in this region. While Nirmalan and 
colleagues found a positive association between gender 
and NVI similar to the present study,36 other population- 
based studies from Telangana showed no such associ-
ation. The multicentre study that included seven sites 
including a site in South India also did not find an asso-
ciation between gender and NVI.18 Gender was also not 
found to be associated with NVI in studies carried out in 
China and Brazil.5 37

As reported in a meta- analysis on presbyopia and 
gender, the varying prevalence of NVI could be related 
to the felt need and uptake of services and not to physio-
logical differences in accommodation.38 Consistent with 
other studies, we found a significant association between 
NVI and education. NVI was higher among those with no 
education. Education could be an indicator of a better 
socioeconomic status and therefore seeking eye care. 
Also, those who read may have a greater ‘felt need’ for 
visual correction for near work and seek eye care services. 
Though Nirmalan et al found no association between 
education and presbyopia, other studies have found a 
significant association between lack of education and NVI, 
similar to our study.14 28 29 36 The seven site multicountry 
study found no association between NVI and education.18 
Studies done in other regions of the world such as Brazil, 
South Africa and China also revealed varying prevalence 
of NVI with education.5 16 37

We found that a large proportion of NVI is in the mild 
category. It is possible that the impact of this grade of NVI 
is not significant for functioning and hence remained 
uncorrected. Our study was carried out in rural locations 
where most of the population is involved in unskilled 
occupations with limited demand for very good near 
vision. The NVC (%), which is also referred to as spectacle 
coverage for near, was higher in Khammam compared 
with that of Warangal. It was also higher compared with 
a previous study in Telangana where it was reported as 
26.5%.17 The spectacle coverage of 23.2% in Warangal 
was even lower that reported from Telangana. There is 
variation in the coverage in Khammam and Warangal, 

Table 2 Multivariable analysis showing the association 
between near visual impairment and sociodemographic 
variables (multiple logistic regression analysis; n=4526)

OR (95% CI)

Statistical 
significance
(P value)

Age group (years)

  40–49 Reference

  50–59 1.04 (0.90 to 1.21) 0.58

  60–69 1.40 (1.18 to 1.66) <0.01

  70 and above 2.20 (1.75 to 2.75) <0.01

Gender

  Male Reference

  Female 1.21 (1.06 to 1.38) <0.01

Education

  Any education Reference

  No education 1.81 (1.6 to 2.06) <0.01

Place of residence

  Khammam Reference

  Warangal 1.33 (1.18 to 1.50) <0.01

Table 3 NVI based on unaided, presenting and best- corrected near vision stratified by the district of residence

Khammam Warangal Total

P valuen Prevalence (95% CI) n Prevalence (95% CI) n Prevalence (95% CI)

NVI – unaided 1780 75.2 (73.4 to 76.9) 1563 72.2 (70.5 to 74.3) 3343 73.8 (72.5 to 75.1) 0.39

NVI – presenting 1224 51.7 (49.6 to 53.7) 1304 60.4 (58.3 to 62.5) 2528 55.8 (54.4 to 57.3) <0.01

NVI – best corrected 282 11.9 (10.6 to 13.3) 429 19.9 (18.2 to 21.6) 711 15.7 (14.7 to 16.8) <0.01

NVI, near- vision impairment.

Figure 1 Categories of near- vision impairment stratified by 
the district of residence.



5Marmamula S, et al. BMJ Open 2021;11:e047131. doi:10.1136/bmjopen-2020-047131

Open access

suggestive of a difference in availability and uptake of 
services between the districts. Also, a smaller NVC (%) 
quality gap suggests a low undermet need for NVI in both 
the districts. The presence of a small difference between 
e- NVC (%) and NVC (%) suggests that there are no 
major issues related to the quality of services for near, 
which is a welcome finding. Correction of NVI is relatively 
straightforward unlike distance refractive errors; hence 
less prone to quality- related issues.

The prevalence of functional presbyopia varies signifi-
cantly between the regions mainly due to differences in 
the definitions used and the age groups studied. The 
prevalence ranges from 70% in East Africa to 30% in 
Nigeria.5 7 14 29 36 39 The prevalence of functional pres-
byopia was 44.1% in our study compared with 54.6% in 
Telangana using a similar protocol and age group classi-
fication.17 The variation in the prevalence of functional 
presbyopia could be attributed to several factors including 
cataract, which may induce index myopia resulting in 
better near vision. Also, we found that a small proportion 
of participants had profound near vision impairment that 
could be attributed to early cataractous changes, espe-
cially posterior subcapsular cataract or posterior segment 
pathology.

As the goal of universal eye health is to increase the 
coverage of services aligned as closely as possible with no 
financial hardship, there is a definite need to develop 
strategies to provide refraction services. The pyramidal 
model developed and implemented in the states of Telan-
gana, Andhra Pradesh, Odisha and other parts of India 
appears to be an effective model to address vision loss and 
provide primary eye care including refraction and spec-
tacles dispensing services.26 Such models need a wider 
replication to achieve the goal of UEH.

The strength of our study includes a large population- 
based sample size randomly selected from two highly 
populated districts in the Telangana state. We reported 
impact indicators such as NVC (%), which are reported 
to be useful for planning and monitoring of eye care 
services. The results from our study could be generalised 
to larger populations in the districts. We have excluded 
participants with distance visual impairment that might 
have affected our estimation of NVI. The inability to do 
refraction during the study could be a limitation. Another 
limitation was the inability to control the external lighting 

while assessing near vision in a field setting. Though every 
effort was made to ensure good lighting, it could have 
varied across the measurements. In conclusion, our study 
has provided valuable insights into the NVI and effec-
tive spectacle coverage in two large districts in the state 
of Telangana in India, which can now be used as a base-
line for the planning and monitoring of primary eye care 
services in the region.
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