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Abstract
Keywords Background: Macular disease produces irreversible central vision loss with no

Macular Degeneration; Low Vision;  cyrative treatment, so management relies on wisual rehabilitation with low
Optical Aids; Vision Rehabilitation.  yision aids; however, local data on the acuity gain achievable across the
spectrum of macular disease in Pakistan are scarce.
Objectives: To quantify the improvement in residual distance and near visual

Article History acuity achieved with low vision aids in patients with macular disease, and to
Received: 02 February 2026 identify the most effective devices.
Accepted: 16 March 2026 Methods: In this cross-sectional study at a tertiary care eye hospital in Karachi,
Published: 31 March 2026 Pakistan, 31 patients with macular disease prescribed a low vision aid between
August 2025 and January 2026 were enrolled. Best-corrected distance acuity
(logMAR) and near acuity (M-notation) before and after provision of an aid
Copyright @Author were compared using the paired t-test and Wilcoxon signed-rank test.
Corresponding Author: * Results: Median age was 13 years (range 6-58); 25 patients (80.6%) were
Hasnain Pasha male. Distance acuity (n = 31) improved from 0.99 + 0.20 t0 0.77 + 0.28, a

mean gain of 0.22 + 0.17 (p < 0.001), improving in 28 patients (90.3%).
Near acuity (n = 21) improved from 3.58 + 1.46 M to 2.25 =+ 1.13 M, a
mean reduction of 1.33 £ 0.91 M (p < 0.001). Higher-magnification telescopes
gave the largest distance gains; the illuminated handheld magnifier was the
most effective near device.

Conclusion: Low vision aids produced a statistically significant improvement
in both residual distance and near visual acuity in macular disease. Higher-
magnification telescopes were most effective for distance and illuminated
handheld magnifiers for near work, supporting routine low vision rehabilitation.
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1. INTRODUCTION

The macula is the central region of the retina that
subserves high-resolution central vision and is
essential for reading, recognizing faces, driving,
and most occupational tasks. Any disease that
causes irreversible damage to this area produces a
corresponding loss of central vision that cannot be
restored by optical, medical, or surgical means.
Low vision is defined as a best-corrected distance
visual acuity of less than 6/18 down to and
including 3/60, or a visual field of less than 10
degrees from the point of fixation in the better eye,
after all possible optical, medical and surgical
correction. The macular diseases that most
commonly cause low vision include age-related
macular degeneration, diabetic maculopathy,
macular scarring, Stargardt disease and other
juvenile macular dystrophies, cone dystrophy and
myopic (pathological) maculopathy.

Agerelated macular degeneration is the leading
cause of irreversible central vision loss in older
adults worldwide. A  pooled meta-analysis
estimated the global prevalence of any age-related
macular degeneration at 8.7%, projecting that the
number of affected individuals would rise from
196 million in 2020 to 288 million by 2040, with
a substantial share of this increase occurring in
Asia.'

More recent modelling from the Global Burden of
Disease programme confirms that the burden of
vision impairment attributable to agerelated
macular degeneration continues to grow as
populations age.”> Although age-related macular
degeneration predominates in older patients, in
low- and middle-income settings such as Pakistan
the low vision clinic also serves a substantial
number of children and young adults with
inherited and acquired maculopathies, in whom
central vision loss has profound educational and
vocational consequences.”

There is currently no satisfactory treatment that
restores vision in atrophic age-related macular
degeneration or in most inherited macular
dystrophies; for early and intermediate age-related
macular degeneration, antioxidant vitamin and
mineral supplementation can slow progression but
does not reverse established central vision loss, so
management is ultimately centered on visual

rehabilitation.”®’ The inherited and acquired
maculopathies seen in younger patients, including
Stargardt disease and other ABCA4-related
dystrophies, cone and cone-rod dystrophies, and
myopic macular degeneration are likewise
managed largely through magnification and
rehabilitation rather than cure.®>'®"" Low vision
aids work principally by magnification, increased
illumination and contrast enhancement, allowing
the residual retina to be used more effectively.
Telescopic systems magnify distant objects, while
hand-held and stand magnifiers, high-addition
spectacles and electronic systems assist with near
tasks. A consistent body of evidence has shown
that the provision of low vision aids significantly
improves reading ability and reading speed in age-
related macular degeneration,'>" and that simple
optical magnifiers are often sufficient to restore
functional reading."*

Much of the published literature, however, derives
from high-income countries and concentrates on
age-related macular degeneration and on reading
speed rather than on the magnitude of acuity gain
across the broad spectrum of macular disease seen
in a developing-country clinic. Local data
quantifying how much distance and near acuity
can be recovered with the devices that are actually
available, and which devices perform best, remain
scarce. The present study was undertaken to
address this gap.

2. MATERIALS AND METHODS

Study design and setting: This was a cross-
sectional study conducted at the low vision clinic
of Allbrahim Eye Hospital in Karachi, Pakistan,
over six months from August 2025 to January
2026. Each patient was assessed at a single visit, at
which best-corrected visual acuity was recorded
both before and with the low vision aid. The study
was approved by the Research Ethical Committee
of  Allbrahim  Eye  Hospital,  Karachi
(REC/IPIO/2025/098-A), and written informed
consent was obtained from all participants or, in
the case of minors, from their parents or
guardians; the work adhered to the principles of
the Declaration of Helsinki.
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Sampling:

A non-probability, purposive sampling technique
was used. Thirty-one patients who presented to the
low vision clinic between August 2025 and
January 2026 and who met the eligibility criteria
were enrolled.

Eligibility criteria:

Patients of any age who were diagnosed with any
macular disease and who were trialled or
prescribed any optical low vision aid were
included. Patients with a best-corrected distance
visual acuity worse than 1/60, those with
significant opacity (cataract,
scarring, or vitreous haze), amblyopic eyes, and
uncooperative or mentally unwell patients were
excluded.

media corneal

Data collection:

Data were recorded prospectively on a structured
proforma. Recorded variables were age, sex,
diagnosis, best-corrected distance visual acuity and
near visual acuity in the better eye before and after
the provision of a low vision aid, and the type and
magnification of the device used for distance and
for near. Distance acuity was
logarithm of the minimum angle of resolution
(logMAR) and near acuity in M-notation. Lower
values denote better acuity for both scales; an
improvement is therefore represented by a
reduction in the value.

recorded in

Statistical analysis:

All eligible patients presenting to the low vision
clinic during the study period were enrolled as a
consecutive convenience sample. Data were
analysed using IBM SPSS Statistics version 27.0
(IBM Corp., Armonk, NY, USA). Continuous
variables are presented as mean + standard
deviation, or as median (range) where the
distribution was skewed, and categorical variables
as frequencies and percentages. The improvement

in distance acuity (logMAR) and near acuity (M-
notation) was calculated for each patient. Pre- and
post-aid acuities were compared using the paired t-
test, with the non-parametric Wilcoxon signed-
rank test applied as confirmation given the small
sample Mean improvement was
computed separately for each category of device;
because the number of patients in some device
categories was very small, these per-device means
are presented descriptively only and were not
subjected to formal statistical comparison. A p-
value below 0.05 was considered statistically
significant.

size. also

Use of artificial intelligence:

No generative artificial intelligence tool was used
in the design, conduct, data analysis, or
interpretation of this study, nor in the preparation
of this manuscript.

3. RESULTS

Demographic and clinical characteristics:
Thirty-one patients were included. Age was right-
skewed (skewness 1.70; Shapiro-Wilk p < 0.001),
the median was 13 vyears (range 6-58 vyears;
interquartile range 10-19), and 21 patients
(67.7%) were younger than 18 years. Twenty-five
patients (80.6%) were male and six (19.4%) were
female. The commonest diagnoses were Stargardt
disease (8 patients, 25.8%) and congenital
maculopathy (7 patients, 22.6%), followed by
macular scar and Bull'seye maculopathy (4
patients each, 12.9%) and agerelated macular
degeneration (3 patients, 9.7%). The remaining
diagnoses were macular dystrophy (2 patients) and
cone dystrophy, pathological myopia, and macular
atrophy (1 patient each). The distribution of
diagnoses is shown in Table 1. Distance acuity was
assessable in all 31 patients and near acuity in 21
patients; near acuity could not be reliably assessed
in the remaining patients.

Table 1. Distribution of macular diagnoses among the study patients (n = 31).

Diagnosis Number of patients Percentage (%)
Stargardt disease 8 25.8
Congenital maculopathy 7 22.6
Macular scar 4 12.9
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Diagnosis Number of patients Percentage (%)
Bull's-eye maculopathy 4 12.9
Age-related macular degeneration 3 9.7

Macular dystrophy 2 6.5

Cone dystrophy 1 3.2
Pathological myopia 1 3.2

Macular atrophy 1 3.2

Total 31 100.0

Improvement in distance visual acuity:

Among the 31 patients with assessable distance
vision, mean bestcorrected distance acuity
from 099 + 020 logMAR
(approximately 6/60 Snellen equivalent) before
the aid to 0.77 = 0.28 logMAR (approximately
6/36) with the aid. The mean improvement was
0.22 £ 0.17 logMAR (95% confidence interval
0.16-0.28). This improvement was highly
statistically significant (paired t = 7.22, p < 0.001;

improved

Improvement in near visual acuity:

Among the 21 patients with assessable near vision,
mean near acuity improved from 3.58 + 1.46 M
before the aid to 2.25 + 1.13 M with the aid. The
mean reduction of 1.33 £ 0.91 M (95% confidence
interval  0.92-1.75) was highly statistically
significant (paired t = 6.70, p < 0.001; Wilcoxon
signed-rank test, p < 0.001). Expressed as lines on
the near chart, patients gained a mean of 2.1 + 1.4
lines, with individual gains ranging from one to six

Wilcoxon signed-rank test, p < 0.001). Distance lines. The pre- and postaid acuities are
acuity improved in 28 of 31 patients (90.3%), and summarised in Table 2.
12 patients (38.7%) gained two lines or more
(>0.20 logMAR).
Table 2. Visual acuity before and after the provision of low vision aids.
Measure n Before aid | With aid (mean | Mean p-value
(mean + SD) + SD) improvement
Distance acuity (logMAR) 31 0.99 +0.20 0.77 £0.28 0.22 £0.17 <0.001
Near acuity (M-notation) 21 3.58 +1.46 2.25+1.13 1.33 +0.91 <0.001
Devices used and their effectiveness for distance: all of which provided moderate-to-high

The telescopic systems prescribed for distance
were a low-power (1.5%) telescope (Vistaview; 14
patients), Keplerian telescope (9), Galilean
telescope (4), clip-on telescope (2), and spectacle-
mounted telescope (2). The greatest mean
improvement was obtained with the clip-on
telescope (0.36 logMAR), Keplerian telescope
(0.32 logMAR), spectacle-mounted telescope (0.31
logMAR) and Galilean telescope (0.31 logMAR),

magnification. The low-power 1.5% Vistaview
telescope produced the smallest mean gain (0.10
loeMAR), consistent with its lower magnification.
These per-device means are descriptive and based
on small numbers (as few as two patients per
device), and should be interpreted with caution.
The mean improvement achieved with each
distance device is shown in Figure 1.
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Mean improvement in distance visual acuity by device

0.40 4

Mean improvement (logMAR)

Vistaview Galilean
Telescope Telescope

Spectacle Mounted Keplerian Clip-on
Telescope Telescope Telescope

Figure 1. Mean improvement in distance visual acuity (logMAR) by type of telescopic device.

Devices used and their effectiveness for near:

For near tasks, the devices used were the handheld
magnifier (10 patients), illuminated handheld
magnifier (6), and a high-addition (+4.00 dioptre)
reading spectacle (5). The illuminated handheld
magnifier ~ produced the largest mean
improvement (3.0 lines), followed by the high-

addition spectacle (2.4 lines) and the non-
illuminated handheld magnifier (1.5 lines). The
superior performance of the illuminated magnifier
is consistent with the additional benefit of
enhanced retinal illumination in macular disease.
The mean improvement achieved with each near
device is shown in Figure 2.

Mean improvement in near visual acuity by device

3.0

2.5

2.0

1.5

1.0 1

Mean lines gained (M-notation steps)

0.5

0.0 -

Handheld
Magnifier

llluminated
Addition Handheld Magnifier

Figure 2. Mean improvement in near visual acuity (lines gained on the near chart) by type of near device.
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4. DISCUSSION

This study demonstrates that low vision aids
produce a statistically significant and clinically
meaningful improvement in both residual
distance and near visual acuity across the spectrum
of macular disease seen in a tertiary care clinic in
Pakistan. Distance acuity improved in over 90% of
patients, with a mean gain of 0.22 logMAR, while
near acuity improved by a mean of 1.33 M-units,
equivalent to more than two lines on the near
chart. Both improvements were highly significant
and were confirmed by a non-parametric test.
These findings are consistent with the
international literature. Nguyen and colleagues
reported that the provision of low vision aids
increased mean reading speed from 20 to 72 words
per minute in patients with age-related macular
degeneration, and restored reading ability in 94%
of patients.'? Virtanen and Laatikainen found that
91% of patients with agerelated macular
degeneration could read newsprint after fitting a
low vision aid, most often with a simple
magnifier.'"* A systematic review and meta-analysis
likewise concluded that low vision rehabilitation
significantly improves reading performance
relative to baseline in agerelated macular
degeneration," and a Cochrane review found that
magnifying reading aids, particularly stand-
mounted electronic devices, improve reading
performance in adults with low vision."” Studies
using standardized reading charts have similarly
shown that optical and electronic aids improve
near acuity in age-related macular degeneration,
although optical correction alone may be
insufficient to maximize reading speed without
additional rehabilitation.® Our results extend
these observations by quantifying the gain in
measured acuity, rather than reading speed, and
by including a predominantly young population
with inherited maculopathy.

The demographic profile of our sample differs
markedly from the older populations of most
published series, reflecting the case mix of a
developing-country low vision service in which
Stargardt disease and congenital maculopathy
were the commonest diagnoses. Inherited retinal
dystrophies are a leading cause of visual
impairment in children and working-age adults,

with Stargardt disease the most common inherited
macular dystrophy.”'” This is clinically important
because inherited macular dystrophies typically
present in childhood or early adulthood, when
central vision is needed for education and
employment, and these patients often derive
considerable benefit from magnification.*''®
Case-based and series data in Stargardt disease
have similarly shown that telescopes improve
distance acuity and that magnifiers and high-
addition spectacles support near work,'™" while
myopic macular degeneration represented in our
sample is an increasingly recognized cause of
central visual loss, particularly in Asian
populations.®

With regard to device selection, the higher-
magnification telescopes (Keplerian, Galilean,
clip-on, and spectacle-mounted) outperformed the
low-power 1.5% Vistaview telescope for distance,
while the illuminated handheld magnifier was the
most effective near device. The advantage of
illumination is expected, because patients with
macular  disease commonly require both
magnification and increased contrast and
luminance to use their residual retina effectively.
These findings reinforce the principle that the
choice and power of the device should be matched
to the individual's magnification requirement and
task, rather than applying a single device to all
patients.

From a public health perspective, low vision
rehabilitation remains under-utilised in Pakistan,
where awareness of optical aids is limited, and
access to services is uneven.””?' Given that there is
no curative treatment for most of the conditions
in this study, the demonstrable acuity gains
reported here support the routine and early
integration of low vision rehabilitation into
ophthalmic care.

Limitations:

Functional outcomes such as reading speed,
duration of device use, and quality of life were not
captured, and validated vision-related quality-of-
life and functional instruments would strengthen
future work;”” longterm adherence was also not
assessed, and previous work suggests that
sustained use and patient satisfaction are
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important determinants of realworld benefit.”
The sample was small and predominantly young,
with most patients younger than 18 years;
subjective visual acuity measurement is less reliable
in young children, and the per-device subgroups
were too small for formal comparison, so the
device rankings should be regarded as exploratory.
Prospective, multicenter studies with larger
samples and functional and quality-oflife
endpoints are needed to confirm and extend these
findings.

CONCLUSION

Low vision aids produced a statistically significant
improvement in both residual distance and near
visual acuity in patients with macular disease.
Higher-magnification telescopic systems were most
effective for distance vision, and illuminated
handheld magnifiers were most effective for near
vision. Because the underlying macular conditions
are largely irreversible, these results support
making low vision assessment and device
prescription a routine component of the
management of macular disease, including in
young patients with inherited maculopathy.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

The study was approved by the Research Ethical
Committee of Al-Ibrahim Eye Hospital, Karachi
(REC/IPIO/2025/098-A). It was conducted in
accordance with the principles of the Declaration
of Helsinki. Weritten informed consent to
participate was obtained from all participants, or
from a parent or legal guardian in the case of
minors.

CONSENT FOR PUBLICATION

Written informed consent for publication of
clinical details was obtained from all participants,
or from a parent or legal guardian in the case of
participants under 18 years of age. No individually
identifiable images or personal data are included
in this manuscript.

AUTHOR'S CONTRIBUTION
H.P. conceived and designed the study. M.N.A
and A.H.T. performed data collection and clinical

assessment. H.P. and A.B carried out the statistical
analysis and interpretation of data. N. and S.G.
drafted the manuscript. H.P., M.N.A., and A.H.T.
critically revised the manuscript for important
intellectual content. All authors reviewed and
approved the final version of the manuscript and
agree to be accountable for all aspects of the work.

AVAILABILITY OF DATA

The authors confirm that the data supporting the
findings of this study are available within the
article. Additional de-identified data are available
from the corresponding author upon reasonable
request.

ACKNOWLEDGEMENTS

The authors thank the staff, patients, and
attendants at the low vision clinic for their
assistance and patience in data collection.

CONFLICT OF INTEREST
The authors declare that they have no conflict of
interest.

FUNDING

This research received no specific grant from any
funding agency in the public, commercial, or not-
for-profit sectors.

REFERENCES

1. Wong WL, Su X, Li X, Cheung CM, Klein R,
Cheng CY, et al. Global prevalence of age-
related macular degeneration and disease
burden projection for 2020 and 2040: a
systematic review and meta-analysis. Lancet
Glob Health. 2014;2(2):e106-16.
https://doi.org/10.1016/S2214-
109X(13)70145-1

2. GBD 2019 Blindness and Vision Impairment
Collaborators; Vision Loss Expert Group of
the Global Burden of Disease Study. Trends
in prevalence of blindness and distance and
near vision impairment over 30 years: an
analysis for the Global Burden of Disease
Study. Lancet Glob Health. 2021;9(2):e130-
43, https://doi.org/10.1016/S2214-
109X(20)30425-3

https://fmhr.net

| Pasha et al., 2026 |

Page 3460


https://doi.org/10.1016/S2214-109X(13)70145-1
https://doi.org/10.1016/S2214-109X(13)70145-1
https://doi.org/10.1016/S2214-109X(20)30425-3
https://doi.org/10.1016/S2214-109X(20)30425-3

Volume 4, Issue 3, 2026

Frontier n

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

3. Jadoon MZ, Dineen B, Bourne RR, Shah SP,
Khan MA, Johnson GJ, et al. Prevalence of
blindness and visual impairment in
Pakistan: the Pakistan National Blindness
and Visual Impairment Survey. Invest
Ophthalmol Vis Sci. 2006;47(11):4749-55.
https://doi.org/10.1167/iovs.06-0374

4. Dineen B, Bourne RR, Jadoon Z, Shah SP,
Khan MA, Foster A, et al. Causes of
blindness and visual impairment in
Pakistan: the Pakistan National Blindness
and Visual Impairment Survey. Br ]
Ophthalmol. 2007;91(8):1005-10.
https://doi.org/10.1136,/bjo.2006.108035

5. Guymer RH, Campbell TG. Agerelated
macular degeneration. Lancet.
2023;401(10386):1459-72.
https://doi.org/10.1016/S0140-
6736(22)02609-5

6. Chew EY, Clemons TE, Agron E, Domalpally
A, Keenan TDL, Vitale S, et al. Long-term
outcomes of adding lutein/zeaxanthin and
-3 fatty acids to the AREDS supplements
on agerelated macular degeneration
progression: AREDS2 report 28. JAMA
Ophthalmol. 2022;140(7):692-8.
https://doi.org/10.1001/jamaophthalmol.
2022.1640

7. Evans JR, Lawrenson ]JG. Antioxidant vitamin
and mineral supplements for slowing the
progression  of  agerelated  macular
degeneration. Cochrane Database Syst Rev.
2023;9(9):CD000254.
https://doi.org/10.1002/14651858.CD00
0254.pub5

8. Shi H, Guo N, Zhao Z, He X, Li J, Duan ]J.
Global prevalence of myopic macular
degeneration in general population and
patients with high myopia: a systematic

9. Griffith ], Sioufi K, Wilbanks L, Magrath GN,
Say EAT, Lyons M]J, et al. Inherited retinal
dystrophy in southeastern United States:
characterization of South Carolina patients
and comparative literature review. Genes
(Basel). 2022;13(8):1490.
https://doi.org/10.3390/genes 13081490

10. Zaydon YA, Tsang SH. The ABCs of Stargardt
disease: the latest advances in precision
medicine. Cell Biosci. 2024;14(1):98.
https://doi.org/10.1186,/513578-024-
01272y

11. Caba L, Florea L, Braha EE, Lupu VV,
Gorduza EV. Monitoring and management
of Bardet-Biedl syndrome: what the multi-
disciplinary team can do. ] Multidiscip
Healthc. 2022;15:2153-67.
https://doi.org/10.2147/JMDH.S274739

12. Nguyen NX, Weismann M, Trauzettel-
Klosinski S. Improvement of reading speed
after providing of low vision aids in patients
with age-related macular degeneration. Acta

Ophthalmol. 2009;87(8):849-53.
https://doi.org/10.1111/j.1755-
3768.2008.01423 x

13. Hamade N, Hodge WG, RakibuzZaman M,
Malvankar-Mehta MS. The effects of low-
vision rehabilitation on reading speed and
depression in age related macular
degeneration: a meta-analysis. PLoS One.
2016;11(7):e0159254.
https://doi.org/10.1371/journal.pone.015
9254

14. Virtanen P, Laatikainen L. Primary success
with low vision aids in age-related macular
degeneration. Acta Ophthalmol (Copenh).
1991;69(4):484-90.
https://doi.org/10.1111/j.1755-
3768.1991.tb02026.x

review and  metaanalysis. Eur ] 15. Virgili G, Acosta R, Bentley SA, Giacomelli G,
Ophthalmol. 2024;34(3):631-40. Allcock C, Evans JR. Reading aids for adults
https://doi.org/10.1177/1120672123118 with low vision. Cochrane Database Syst
5816 Rev. 2018;4(4):CD003303.
https://doi.org/10.1002/14651858.CD00
3303.pub4
https://fmhr.net | Pasha et al., 2026 | Page 3461


https://doi.org/10.1167/iovs.06-0374
https://doi.org/10.1136/bjo.2006.108035
https://doi.org/10.1016/S0140-6736(22)02609-5
https://doi.org/10.1016/S0140-6736(22)02609-5
https://doi.org/10.1001/jamaophthalmol.2022.1640
https://doi.org/10.1001/jamaophthalmol.2022.1640
https://doi.org/10.1002/14651858.CD000254.pub5
https://doi.org/10.1002/14651858.CD000254.pub5
https://doi.org/10.1177/11206721231185816
https://doi.org/10.1177/11206721231185816
https://doi.org/10.3390/genes13081490
https://doi.org/10.1186/s13578-024-01272-y
https://doi.org/10.1186/s13578-024-01272-y
https://doi.org/10.2147/JMDH.S274739
https://doi.org/10.1111/j.1755-3768.2008.01423.x
https://doi.org/10.1111/j.1755-3768.2008.01423.x
https://doi.org/10.1371/journal.pone.0159254
https://doi.org/10.1371/journal.pone.0159254
https://doi.org/10.1111/j.1755-3768.1991.tb02026.x
https://doi.org/10.1111/j.1755-3768.1991.tb02026.x
https://doi.org/10.1002/14651858.CD003303.pub4
https://doi.org/10.1002/14651858.CD003303.pub4

Volume 4, Issue 3, 2026

Frontier n

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

16. Altinbay D, Adibelli FM, Taskin I, Tekin A.
The evaluation of reading performance with
Minnesota low vision reading charts in
patients  with  agerelated  macular
degeneration.  Middle East Afr ]
Ophthalmol. 2016;23(4):302-6.
https://doi.org/10.4103/0974-
9233.194078

17. Abdolrahimzadeh S, Formisano M, Di Pippo
M, Lodesani M, Lotery AJ. The role of the
choroid in Stargardt disease. Int ] Mol Sci.
2022;23(14):7607.
https://doi.org/10.3390/ijms23147607

18. Fleckenstein M, Keenan TDL, Guymer RH,
Chakravarthy U, Schmitz-Valckenberg S,
Klaver CC, et al. Agerelated macular
degeneration. Nat Rev Dis Primers.
2021;7(1):31.
https://doi.org/10.1038/s41572-021-
00265-2

19. Collee CM, Jalkh AE, Weiter JJ, Friedman
GR. Visual improvement with low vision
aids in Stargardt's disease. Ophthalmology.
1985;92(12):1657-9.
https://doi.org/10.1016/S0161-
6420(85)34086-1

20. Shah SP, Minto H, Jadoon MZ, Bourne RR,
Dineen B, Gilbert CE, et al. Prevalence and
causes of functional low vision and
implications for services: the Pakistan
National Blindness and Visual Impairment
Survey. Invest Ophthalmol Vis Sci.
2008;49(3):887-93.
https://doi.org/10.1167/iovs.07-0646

21. Hassan B, Ahmed R, Li B, Noor A, Hassan
ZU. A comprehensive study capturing
vision loss burden in Pakistan (1990-2025):
findings from the Global Burden of Disease
(GBD) 2017 study. PLoS  One.
2019;14(5):e0216492.
https://doi.org/10.1371/journal.pone.021
6492

22. Ehrlich JR, Andrews C, Kumagai A, Goldstein
J, Jayasundera KT, Stelmack ], et al
Development and validation of the Low
Vision Severely Constricted Peripheral
Eyesight (LV-SCOPE) Questionnaire. Am ]
Ophthalmol. 2023;256:709.
https://doi.org/10.1016/j.aj0.2023.08.014

23. Bischoff P. Long-term results of low vision
rehabilitation in agerelated macular
degeneration. Doc Ophthalmol.
1995;89(4):305-11.

https://fmhr.net

| Pasha et al., 2026 |

Page 3462


https://doi.org/10.4103/0974-9233.194078
https://doi.org/10.4103/0974-9233.194078
https://doi.org/10.3390/ijms23147607
https://doi.org/10.1038/s41572-021-00265-2
https://doi.org/10.1038/s41572-021-00265-2
https://doi.org/10.1016/S0161-6420(85)34086-1
https://doi.org/10.1016/S0161-6420(85)34086-1
https://doi.org/10.1167/iovs.07-0646
https://doi.org/10.1371/journal.pone.0216492
https://doi.org/10.1371/journal.pone.0216492
https://doi.org/10.1016/j.ajo.2023.08.014

