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Abstract:

Objective: To scrutinize the annual progression of myopia among individuals from an urban
setting of Pakistan across age demographics and ascertain its correlation with the myopia
severity.

Methods: The study design of this report is retrospective, and the patients were recruited from
Sindh Government Qatar Hospital, Karachi, from 2016 to 2022. Data was collected through a
consecutive sampling technique; subjects were stratified into two age groups: <15 years and
>15 years. The spherical equivalent (SE) was calculated at baseline and at follow-up after 300—
415 days (approximately one year). The univariate Mann-Whitney U test, chi-square test, and
multivariate logistic regression analyses were used for statistical analysis in SPSS 26.

Results: The participants' median age was 16 years (IQR: 12—20 years). The median spherical
equivalent for the right eye was —3.5 diopters (D) (IQR: —5.4 to —2.0), and for the left eye was
—3.6 D (IQR: —5.5 to —1.9). Most participants had mild myopia (41%), followed by moderate
myopia (32%), while 27% had high or severe myopia. Baseline and one-year SE values were
significantly higher in patients aged <15 years (—4.0 [-5.5 to —2.8] D and —4.5 [-6.25 to —3.2]
D, respectively; p < 0.001). Younger patients showed significantly higher myopia progression
contrasted with those aged >15 years (p < 0.001).

Conclusion: The progression of myopia among pediatric and teenage individuals in Karachi is
substantial, particularly among individuals younger than 15 years. The findings of this study
highlight the requirement for early identification and strategies for prevention and mitigation
of the increasing incidence of myopia in Pakistan. Al-Shifa Journal of Ophthalmology 2026;
22(1): 23-32.
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myopia  compared  with  European,
American, and Australian populations .
Notably, myopia prevalence rates are as
high as 97% in South Korea have °, and
rates of 70-80% have been observed among
young adults in East Asia *°,

Over the past years, myopia has been
identified as a public health concern 8, 11-
13, particularly in Asian populations. The
estimated myopia prevalence in individuals
age less than 20 years in Asia is
approximately 24%, rising to 30% among
adults older than 40 years 8. Vision loss
resulting from pathological myopia is
irreversible and contributes significantly to
visual impairment worldwide 14. Visual
impairment caused by pathologic myopia is
approximately 5.8-7.8% in Europeans,
4.5% in South Americans, and 12.2-32.7%
in East Asian 15. In Pakistan, a study at an
institute in Lahore reported 83.6% of
myopia prevalence among 118 medical
students. Out of these, 56.4% exhibited a
refractive error of less than -3.00 D, while
22.7% had a refractive error characterized
as moderate myopia (-3.00 D and -6.00 D),
and only 1.8% had a refractive error
exceeding -6.00 D 16. In the Islamabad
Institute, a cross-sectional study reported
myopia prevalence of 23.4%, ranking
second-highest among 2,138 patients 17. A
study reported the strong association of
glaucoma and Myopia in older age. In this
multi-center cross-sectional study, two
hundred fifty individuals aged between 40
and 65 were recruited 18.

There is a literature gap regarding the
myopia progression in Pakistan,
specifically the association of myopia
severity with different age groups. The
studies on the myopia progression and its
relationship with various risk factors like
age, ethnicity, heredity, etc., can help
clinicians provide suitable treatment to
patients. In this study, our objective is to
scrutinize the annual progression of myopia
among individuals from an urban setting in
Pakistan across age demographics and

ascertain its correlation with myopia
severity.

‘Methodology:

The study design of this report is
retrospective, and the patients were
recruited from Sindh Qatar Hospital,
Karachi, Pakistan. Between 2016 and 2022,
a total of 13,563 patients diagnosed with
myopia attended the hospital. Among them,
3,853 patients returned for follow-up
ophthalmic examinations. After applying
strict data-quality criteria and excluding
records without complete longitudinal
follow-up, 3,434 patients were included in
the final analysis. Ethical approval was
obtained from the hospital’s Ethics Review
Committee (ERC/15/082023).

Inclusion criteria were patients aged 10-25
years diagnosed with myopia who attended
follow-up visits approximately one year
after baseline assessment. Any patient with
a history of ocular pathology or surgery was
not included. In this study, 3434 patients
were recruited, while 419 patients with
incomplete data were excluded. The
patients were stratified according to age;
there were 1,572 patients aged under 15
years who were categorized into the "<15
years" age group. The remaining age group
comprised 1,862 patients aged over 15
years, categorized into the ">15 years" age
group, refer to Figure 1.
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Fig 1: Flow Diagram of Participant Selection and Inclusion in the
Study of Myopia Patients Attending the Ophthalmology
Outpatient Department (OPD).

At baseline, demographic data (age and
gender) and refractive error measurements
were recorded. Spherical equivalent values
were documented at baseline and during
follow-up visits conducted 330-415 days
later. The patients have visited the OPD
twice, and the refractive examination was
cycloplegic for patients younger than 16
years. The age cutoff of 15 years was
selected based on evidence indicating
stabilization of axial length and slowing of
myopia progression toward the end of
puberty 1. Mild myopia was characterized
as a spherical equivalent of (—0.5 to —3.0
D), moderate myopia as (>—3.0 to —6.0 D),
high myopia as (>—6.0 to —9.0 D), or severe
myopia as (<—9.0 D) 1. The difference
between the spherical equivalent at baseline
and after one year was defined as Myopia
progression.

SPSS version 27 was used for the statistical
analysis.  Categorical variables were
reported as frequencies and percentages,
while continuous variables were reported as
medians and interquartile ranges. The
Shapiro—-Wilk test was utilized to assess the
normality of quantitative variables. The
evaluation of quantitative variables was
estimated by the univariate Mann—Whitney

U test, and for categorical variables, the
chi-square test was utilized.

Hosmer et al, have described the
purposeful selection of covariates. We
follow these criteria for the selection of
variables for multivariate analysis 19. This
criterion recommends a screening threshold
of p-value <0.25 or p-value <0.1 to make
sure that the marginal insignificant
variables can be significant confounders
when compared in multivariate analysis.
The statistical significance of a variable
was considered if any variable had a p-
value <0.05.

Results:

The participants' median age was 16 years
(IQR: 12-20 years). No significant
differences were observed between right
and left eye spherical equivalent values;
therefore, the analysis focused on the right
eye. Male participants accounted for 53%
(n = 1,818) of the sample, while females
comprised 47% (n = 1,616). At baseline,
41% of participants were characterized
with mild myopia, 32% were characterized
with moderate myopia, and 27% were
characterized with high or severe myopia
(Table 1).
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Table 1: Demographic and clinical characteristics at baseline

Al-Shifa Journal of Ophthalmology, Vol. 22, No. 1, January - March 2026

Variables Median (IQR)
Baseline SE

Right Eye -3.5(-5.375--2) D
Left Eye -3.6 (-5.5--1.9) D
Follow up SE

Right Eye -4 (-5.875--2.375) D
Left Eye -3.8 (-5.875--2.375) D
SE Difference -0.25 (-0.75-0.125) D
Variables N (%)

Gender

Male 1,616 (47)

Female 1,818 (53)

Age

<15 years 1572(46)

>15 years 1862(54)

Myopia Severity

Severe 273(8)

High 663(19)

Moderate 1085(32)

Mild 1413(41)

SE: Spherical Equivalent, IQR: Inter-quartile range, D: Diopter

Females exhibited significantly higher
baseline spherical equivalent values
than males (median —4.0 D vs. —=3.25 D;
p < 0.001) (Table 2). Both genders

0
Severe HiLh

-0.1

-0.2

demonstrated significant progression in
myopia over one year (p < 0.001)
(Figure 2).
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Figure. 2: The Spherical equivalent difference according to the Myopia severity:
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Table 2: Univariate analyses of age group with clinical and demographic characteristics

Patient Characteristics:

Baseline SE (Median (IQR))

Follow up SE (Median (IQR))

SE Difference (Median (IQR))

Gender (N (%)) Female
Male
Severity of Myopia (N Severe
(%))
High
Moderate
Mild

Age Group P-value:
<15 years >15 years
-4 (-5.5--2.8) | -3(-5.25--1.8) <0.001
-45(-6.25-- = -3.25(-5.5-- = <0.001
3.2) 1.9)
-0.5 (-1-0) 0(-0.5-0.25) = <0.001
737 (46.9) 942 (51) 0.02
835 (53) 920 (49)
149 (9.5) 124 (6.7) <0.001
312 (19.8) 351 (19)
635 (40) 450 (24)
476 (30) 937 (50)

SE: Spherical Equivalent: IQR: Inter-quartile range D: Diopter

Patients younger than 15 years had
significantly higher baseline and follow-up
spherical equivalent values compared with
those aged 15 years or older (p < 0.001).
Myopia progression was greater in the
younger age group, with a median SE
change of —0.5 D compared with 0.0 D in
older patients (p < 0.001). Multivariate

analysis revealed that age <15 years was
independently associated with increased
odds of myopia progression (OR: 2.14;
95% CIl: 1.91-2.40; p < 0.001). Male
gender was also associated with higher
odds of progression compared with females
(OR: 1.41; 95% CI: 1.16-1.71; p < 0.001)
(Table 3).
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Table 3: Multivariate analysis of age association with other factors

Reference Beta Stand  P- Odds 95% C. I.
Category coefficient | ard value | Ratio | ——
(Categorical Error Low ' Upp
Data) er er
SE Difference 761 058 | <0.00 2141 1.9 2.3
1 12 97
Baseline SE -0.738 0.07 | <0.001 | 0.478 0.4 0.5
Follow up SE 0.766 0.06 | <0.001 2.2 1.9 2.4
Severity of  Mild -0.650 0.38  0.08 0.5 025 11
Myopia Severe
Severity of  Mild -0.663 0.19 0.001 |05 0.35 0.75
Myopia High 3
Severity of  Mild -1.085 0.12 | <0.001 | 0.34 0.26 0.42
Myopia 9 4
Moderate
Gender Male 0.342 0.1 <0.001 141 1.15 171
(Female) 8 3
Constant 0.92 0.08 | <0.001 251
Omnibus Tests of Model Coefficients Step, lock, | Chi- <0.001
Model square
378.2
Hosmer and Lemeshow Test Chi- 0.32
square
9.3
Nagelkerke R Square 0.139

SE: Spherical Equivalent: IQR: Inter-quartile range D: Diopter.

Discussion:

This retrospective study evaluated myopia
progression among children and young
adults in an urban population of Karachi,
Pakistan, and identified age, gender, and
baseline myopia severity as significant
factors  associated  with  refractive
progression. These findings provide
important longitudinal evidence from a
South Asian context, where data on myopia
progression remain limited.

A key finding was the significantly greater
progression of myopia observed in patients
younger than 15 years compared with older
individuals. Younger participants
demonstrated larger negative shifts in
spherical equivalent over the one-year

follow-up  period, consistent  with
Verkicharla et al., 2020, Chen et al., 2018,
and Ducloux et al., 2023 showing that
myopia progression is most rapid during
childhood and early adolescence. This
period corresponds to active ocular growth
and axial elongation, which typically
stabilize in late adolescence, explaining the
slower progression observed in older
patients 1, 20, 21.

Age is a major characteristic in the
evaluation of myopia progression. In this
study, results confirmed that progression of
myopia is significantly higher among
patients with an age less than 15 years of
age as compared to older patients.
However, the myopia progression is
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different among the age groups, as Chua et
al., 2016, Jensen 1995, and Saw et al., 2005
report the progression faster in the age
group of 7-9 years or 9to 12 4, 22,23.
Multivariate analysis confirmed younger
age as an independent predictor of myopia
progression, with patients under 15 years
having more than twice the odds of
progression compared with those aged 15
years and above. This highlights the
importance of early identification and
monitoring of myopia, as preventive and
control strategies are likely to be most
effective  when implemented during
childhood.

In contrast, a study reported that in children
from Australia, the annual progression was
reported as -0.31 to -0.4 D. In Europe, the
UK, the USA, China, Japan, and Singapore,
it ranged from -0.55 D t0-0.34 Dt0 -0.5D
and -0.31 to -1.2 D, respectively 5, 24,25.
Chua et al., 2016 from India reports a lesser
progression of myopia at -0.24 £0.42 D (4).
The severity of myopia demonstrated a
correlation with its progression based on
our dataset. This observation is consistent
with findings from Saw et al., 2005, and
Zhou et al., 2016 conducted in East Asia
23,26. Upon stratification by age, females
under 15 years old exhibited a higher
inclination for progression of myopia
compared to males in the same age group.
Furthermore, ina report by Hsu et al., 2017,
gender is reported as a risk factor for the
progression of Myopia, with females
displaying a higher inclination for
progression compared to males, at ages of 7
and 12 27. Gender differences were also
observed, with female participants
demonstrating higher baseline myopia and
greater progression than males. Although
the mechanisms underlying this difference
remain unclear, similar trends have been
reported in previous studies and may be
influenced by biological or behavioral
factors. Baseline myopia severity was
significantly associated with progression,
with moderate to severe myopia showing
greater refractive worsening, emphasizing
the need for closer follow-up in these

Nizamuddin et al. Myopia progression across age groups

patients due to the risk of vision-threatening
complications, consistent with findings
from studies conducted in Europe and Asia
Tricard et al., 2022, demonstrates that a
small difference of 0.03 D or a difference of
9% was observed between males and
females. Several studies have indicated a
greater progression of myopia in females
compared to males 28. For instance, Hymen
et al., 2005 documented a disparity of 0.16
diopters in spherical equivalent over three
years 29.

Donovan et al., 2012, in his meta-analysis
revealed a statistically significant disparity
in the annual progression of myopia
between genders. Specifically, females
exhibited a mean difference of -0.8
diopters, whereas males showed a mean
difference of -0.7 diopters (p-value <0.001)
5. This gender-based discrepancy persisted
across prospective studies conducted by
Saxena et al., 2017 in the subcontinent 30
and East Asia by Saxena et al., 2022 25 as
well as in several other longitudinal
investigations from  North  America
reported by COMET group 2013, (31).
Donovan et al., 2012, reported that the
progression rate of myopia was found to be
higher in Asian patients (-0.82D), while in
European patients it was lower (0.5D) 5.
Verkicharla et al., 2020, have done a study
on 10000 school children aged 5 to 15 years
reported an annual progression of -0.27 +
0.42 D. A hospital-originated study from
South Asia was carried out on kids and
adolescents; it reported 4.3% participants
had myopia associated with pathologies
comparable to European and East Asians
1).

Astudy by Younan et al., 2002, reported the
severity of myopia is a risk factor for
various conditions that cause the loss of
vision, and Myopia equal to or higher than
5.00 D is documented as a vital reason for
complete vision loss. Patients with myopia
6.00D or more have 14.4 times greater odds
of glaucoma, Cataract is 3.3 times, and
retinal detachment is 7.8 times higher in
patients having myopia 8.00D or higher 32.
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The consistent findings across by Yu et al.,
2023 suggest a potential correlation.
However, the specific cause remains
speculative. One plausible explanation
could be the variance in outdoor exposure
between genders, potentially contributing
to the pronounced myopic progression
observed in females 33.

Our study has few limitations worth noting.
Firstly, its retrospective nature limits the
scope of data collection to a specific
timeframe, spanning from 2016 to 2022.
Additionally, the study's single-center
design may restrict the generalizability of
our findings to broader populations.
Furthermore, certain significant risk factors
potentially linked to myopia, such as
outdoor activity or exposure, near work,
screen time, and hereditary predispositions,
were not incorporated into our analysis.
Moreover, data regarding the onset of
myopia and the age at which individuals
first received corrective glasses were
unavailable, further constraining our
comprehensive understanding of the
condition.

This investigation adopted a Cohort study
design, incorporating longitudinal follow-
up assessments, which facilitated a more
comprehensive understanding of the
observed progressions. To the best of
current knowledge, this represents the
inaugural examination into the progression
dynamics of Myopia. The sample size has
been deemed adequate to undertake a
rigorous analysis of the progression
patterns.

Conclusion:

establish causal relationships and evaluate
preventive strategies.

References:

Myopia progression among children and
young adults in Karachi is substantial and
comparable to rates reported in East Asian
and European populations. Younger age
and greater baseline severity are key
predictors of progression. Early diagnosis
and timely preventive interventions may
help slow progression and reduce the long-
term burden of myopia-related visual
impairment.  Further prospective and
interventional studies are needed to

1. Verkicharla PK, Kammari P, Das AV.
Myopia progression varies with age and
severity of myopia. Plos one.
2020;15(11):20241759.

2. Holden BA, Jong M, Davis S, Wilson
D, Fricke T, Resnikoff S. Nearly 1
billion myopes at risk of myopia-related
sight-threatening conditions by 2050-
time to act now. Taylor & Francis;
2015. p. 491-3.

3. Resnikoff S, Jonas JB, Friedman D, He
M, Jong M, Nichols JJ, Ohno-Matsui K,
Smith 11l EL, Wildsoet CF, Taylor HR,
Wolffsohn JS. Myopia—a 21st century
public health issue. Investigative
ophthalmology & visual science. 2019
Feb 28;60(3):Mi-i.

4. ChuaSY, Sabanayagam C, Cheung YB,
Chia A, Valenzuela RK, Tan D, Wong
TY, Cheng CY, Saw SM. Age of onset
of myopia predicts risk of high myopia
in later childhood in myopic Singapore
children. Ophthalmic and Physiological
Optics. 2016 Jul;36(4):388-94.

5. Donovan L, Sankaridurg P, Ho A,
Naduvilath T, Smith 11l EL, Holden
BA. Myopia progression rates in urban
children wearing single-vision
spectacles. Optometry and Vision
Science. 2012;89(1):27-32.

6. Vitale S, Sperduto RD, Ferris FL.
Increased prevalence of myopia in the
United States between 1971-1972 and
1999-2004. Archives of
ophthalmology. 2009;127(12):1632-9.

7. French AN, Morgan IG, Mitchell P,
Rose KA. Risk factors for incident
myopia in Australian schoolchildren:
the Sydney adolescent vascular and eye
study. Ophthalmology.
2013;120(10):2100-8.

8. Pan C-W, Dirani M, Cheng C-Y, Wong
T-Y, Saw S-M. The age-specific
prevalence of myopia in Asia: a meta-
analysis. Optometry and vision science.
2015;92(3):258-66.

30



10.

11.

12.

13.

14.

15.

16.

17.

18.

Jung S-K, Lee JH, Kakizaki H, Jee D.
Prevalence of myopia and its
association with body stature and
educational level in 19-year-old male
conscripts in Seoul, South Korea.
Investigative ophthalmology & visual
science. 2012;53(9):5579-83.

Morgan 1G, Ohno-Matsui K, Saw S-M.
Myopia. The Lancet.
2012;379(9827):1739-48.

Bourne RR, Stevens GA, White RA,
Smith JL, Flaxman SR, Price H, Jonas
JB, Keeffe J, Leasher J, Naidoo K,
Pesudovs K. Causes of vision loss
worldwide, 1990-2010: a systematic
analysis. The lancet global health. 2013
Dec 1;1(6):e339-49.

Hashemi H, Fotouhi A, Yekta A,
Pakzad R, Ostadimoghaddam H,
Khabazkhoob M. Global and regional
estimates of prevalence of refractive
errors: Systematic review and meta-
analysis. Journal of current
ophthalmology. 2018;30(1):3-22.

Pan CW, Ramamurthy D, Saw SM.
Worldwide prevalence and risk factors
for  myopia. Ophthalmic  and
Physiological Optics. 2012;32(1):3-16.
Vongphanit J, Mitchell P, Wang JJ.
Prevalence and progression of myopic
retinopathy in an older population.
Ophthalmology. 2002;109(4):704-11.
Dhakal R, Goud A, Narayanan R,
Verkicharla PK. Patterns of posterior
ocular complications in myopic eyes of
Indian population. Scientific reports.
2018;8(1):13700.

MALIK MH, MOHYDIN M, SAEED
A, ARIF M, ABDUL MA, MALIK SM,
SAMI AM. Prevalence and risk factors
of myopia among medical students.
Age. 2022 Mar 24;54:46.

Akhter W, Yousafzai E, Rana AM,
Anwar S. Refractive Errors: Prevalence
and Pattern among Rural Population of
Islamabad, Pakistan. Journal of
Islamabad Medical & Dental College.
2020;9(2):103-8.

Jabbar M, Fatima N, Siddique M,
Rashid F, Qureshi F, Bodla AM.

Nizamuddin et al. Myopia progression across age groups

19.

20.

21.

22.

23.

24.

25.

26.

Association between Myopia and
Glaucoma; A Cross-sectional Study:
Association  between Myopia and

Glaucoma. Pakistan Journal of Health
Sciences. 2023:133-7.

Hosmer Jr DW, Lemeshow S,
Sturdivant RX. Applied logistic
regression. John Wiley & Sons; 2013
Feb 26.

Chen Y, Xiao O, Guo X, Wang D,
Sankaridurg P, Morgan |, He M.
Methodology of the ZOC-BHVI high
myopia cohort study: the onset and
progression of myopic pathologies and
associated risk factors in highly myopic
Chinese. Ophthalmic epidemiology.
2018 Jan 2;25(1):31-8.

Ducloux A, Marillet S, Ingrand P,
Bullimore MA, Bourne RR, Leveziel N.
Progression of myopia in teenagers and
adults: a nationwide longitudinal study
of a prevalent cohort. British Journal of
Ophthalmology. 2023;107(5):644-9.
Jensen H. Myopia in teenagers: An
eight-year follow-up study on myopia
progression and risk factors. Acta
Ophthalmologica Scandinavica.
1995;73(5):389-93.

Saw SM, Tong L, Chua WH, Chia KS,
Koh D, Tan DT, Katz J. Incidence and
progression of myopia in Singaporean
school children. Investigative
ophthalmology & visual science. 2005
Jan 1;46(1):51-7.

French AN, Morgan IG, Burlutsky G,
Mitchell P, Rose KA. Prevalence and 5-
to 6-year incidence and progression of
myopia and hyperopia in Australian
schoolchildren. Ophthalmology.
2013;120(7):1482-91.

Saxena R, Gupta V, Prasad P, Bhardwaj
A, Vashist P. Prevalence of myopia and
its risk factors in rural school children
in North India: the North India myopia
rural study (NIM-R Study). Eye.
2022;36(10):2000-5.

Zhou WJ, Zhang YY, LiH, Wu YF, Xu
J, Lv S, Li G, Liu SC, Song SF. Five-
year progression of refractive errors and
incidence of myopia in school-aged

31



27.

28.

29.

Al-Shifa Journal of Ophthalmology, Vol. 22, No. 1, January - March 2026

children in Western China. Journal of
epidemiology. 2016 Jul 5;26(7):386-95.
Hsu CC, Huang N, Lin PY, Fang SY,
Tsai DC, Chen SY, Tsai CY, Woung
LC, Chiou SH, Liu CJ. Risk factors for
myopia progression in second-grade
primary school children in Taipei: a
population-based cohort study. British
Journal of Ophthalmology. 2017 Dec
1;101(12):1611-7.

Tricard D, Marillet S, Ingrand P,
Bullimore MA, Bourne RR, Leveziel N.
Progression of myopia in children and
teenagers: a nationwide longitudinal
study. British Journal of
Ophthalmology. 2022;106(8):1104-9.
Hyman L, Gwiazda J, Hussein M,
Norton TT, Wang Y, Marsh-Tootle W,
Everett D, COMET Study Group.
Relationship of age, sex, and ethnicity
with myopia progression and axial
elongation in the correction of myopia
evaluation trial. Archives  of
ophthalmology. 2005 Jul 1;123(7):977-
87.

30.

31.

32.

33.

Saxena R, Vashist P, Tandon R, Pandey
RM, Bhardawaj A, Gupta V, Menon V.
Incidence and progression of myopia
and associated factors in urban school
children in Delhi: The North India
Myopia Study (NIM Study). PloS one.
2017 Dec 18;12(12):e0189774.
COMET Group. Myopia stabilization
and  associated  factors  among
participants in the Correction of
Myopia Evaluation Trial (COMET).
Investigative ophthalmology & visual
science. 2013 Dec 3;54(13):7871..
Younan C, Mitchell P, Cumming RG,
Rochtchina E, Wang JJ. Myopia and
incident cataract and cataract surgery:
the Blue Mountains Eye Study.
Investigative ophthalmology & visual
science. 2002;43(12):3625-32.

Yu M, HuY, Han M, Song J, Wu Z, Xu
Z, LiuY, Shao Z, Liu G, Yang Z, Bi H.
Global risk factor analysis of myopia
onset in children: A systematic review
and meta-analysis. PLoS One. 2023 Sep
20;18(9):e0291470.

Authors Contribution

Concept and Design: Iftikhar Ahmed
Data Collection / Assembly: Zainab Hussain
Drafting: Maaz Allah, Sarah Saleem
Statistical expertise: Rashid Hassan Alvi
Critical Revision: Muhammad Nizamuddin

32





