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ABSTRACT 
Purpose:  To report ocular biometric data of patients undergoing cataract surgery in an eye camp in a city of 
Northern area of Pakistan. 

Design:  Cross-sectional descriptive study. 

Place and Duration of Study:  A surgical eye camp was set up in the month of September 2022 for 6 days in a 
private hospital in Skardu. 

Methods:  A total of 119 patients were selected with a non-probability consecutive sampling technique. Ocular 
biometry of permanent local residents with significant cataracts was included. Incomplete biometry data and 
coexisting diseases like corneal opacity, pterygium, and severe dry eye causing errors in biometry were excluded. 
Keratometry was done with an automated refracto-keratometer. Axial length was calculated with an A-scan 
(ultrasound contact method) and intraocular lens (IOL) power was calculated. 

Results:  A total of 119 patients were selected for biometry among 3908 individuals visiting an eye camp. The 
mean axial length was 22.13 ± 1.25 SD mm. The mean keratometry readings (K1) was 43.28 ± 1.83 Diopter and 
(K2) 44.26 ± 1.67 D. The mean intraocular lens (IOL) power was 24.78 ± 3.43 D. The mean K readings were more 
in males as compared to females (p-value <0.005). There was no significant difference in axial length and IOL 
power among genders. 

Conclusion:  This study gives normative data on ocular biometric parameters of patients undergoing cataract 
surgery at high altitudes in Skardu, Pakistan. These biometric values can be used as reference values in the local 
population. 
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INTRODUCTION 

Regions above 3000 meters above sea level are 

considered to be high-altitude locations. Their 

atmospheric conditions are hypobaric, with strong 

ultraviolet radiations and more sunshine hours leading 

to biological effects on the human body.1 High altitude 

is a documented risk factor for the development of 

cataracts due to high exposure to ultraviolet radiation.2 

 Skardu perches 2,438 meters above sea level and 

is one of the districts of Gilgit Baltistan, Pakistan. It is 

a valley situated in the mountainous terrain, 10 

kilometers wide and 40 kilometers long in the 

backdrop of the great peaks of the Karakoram range. 

Baltistan is also known as “little Tibet” due to its 

resemblance with the geographic features of Tibet 

peaks. It has a cold climate zone with harsh winter 

(-25°). The valley is accessible via flight and road. It 

becomes inaccessible in winter due to the blocking of 
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Karakoram highway with landsliding and intense 

snowfall.3 

 Precise measurement of axial length, corneal 

powers, and anterior chamber depth is imperative for 

calculating an intraocular lens (IOL) power for desired 

refraction and minimizing post-operative astigmatism.4 

The design and power of intraocular lenses are based 

on keratometry, the axial length of an eyeball, anterior 

chamber depth, and corneal astigmatism.5 Biometric 

characters are influenced by gender, race, and 

genetics. Their difference across the different 

populations help to determine the distribution of these 

parameters in different regions of the world.6 

 Globally cataract is the most common cause of 

blindness and it is the number one cause of reversible 

blindness particularly in underdeveloped countries.7,8 

 The Himalayan cataract foundation has used 

single-power IOL in remote areas of Nepal cost-

effectively for optimal refraction based on average 

North American axial length.9 Very limited data is 

available regarding ocular biometry in cataract patients 

residing in high altitudes from our country. Average 

values will aid in choosing the correct power of intra-

ocular lenses in mountainous terrain with limited 

resources. The aim of the study is to report the ocular 

biometric parameters of patients undergoing cataract 

surgery in an eye camp set up at a high altitude in 

northern Pakistan. 

 
METHODS 

This was a cross-sectional descriptive study conducted 

in a private Hospital located in the Skardu district. The 

Ethical Committee of the Ophthalmological Society 

approved the study and followed the tenants of the 

Declaration of Helsinki. Due to the harsh terrain of 

Skardu district, an eye camp was set up in its main city 

Gamba, for cataract surgery in the month of September 

2022 for 6 days. The campaign of the eye camp was 

done beforehand by distributing brochures, displaying 

banners, and making public announcements. The team 

consisting of eye surgeons and medical officers went 

there to treat common ocular diseases and select 

patients for cataract surgery. The mobile eye camps 

were set up in the main town Dambodasin Roundo 

district, Khaplu in the Ghanche district, and Shigar in 

the Shigar district (Figure 1). A number of small 

villages were also covered along the way before 

reaching the campsite for the initial three days. The 

camp’s outpatient department (OPD) was set up in the 

hospital at Gamba for the next three days for biometry 

and cataract surgery. Patients selected from the nearby 

villages were provided transportation to reach the 

hospital for surgery. A total of 3908 patients were 

reported in the eye camp. A total of 119 patients were 

selected for ocular biometry and cataract surgery with 

a non-probability consecutive sampling technique. 

 Ocular biometry of all the permanent local 

residents attending the camp for cataract surgery was 

included in the study. Patients with incomplete 

biometry data and coexisting diseases like corneal 

opacity, pterygium, and severe dry eye causing errors 

in biometry were excluded from the study. 

 Detailed history and ocular examination were 

carried out for every patient before cataract surgery. 

Ocular biometry was performed before the surgery by 

an experienced optometrist. Keratometry (K readings) 

was done with the help of an automated refractor-

Keratometer (Topcon KR-800) in two meridians i.e. 

flat and steep. Axial length was calculated with an A-

scan (Alcon ultrasound contact method) and IOL 

power was calculated using the formula SRK II 

(Power D = A constant – 0.9 (K1+K2) – Axial length 

x 2.5) for a target refraction of 0.00 D. A constant 

118.30 was used in every patient for calculating the 

power of an intraocular lens. Keratometry, A-scan, 

operating microscopes, and phacoemulsification 

machines were present in the hospital. Other logistics 

including intra-ocular lenses, phaco-knives, 

viscoelastic, Tryptan blue, and injection carbachol 

were transported along the team to the hospital. 

 Data was collected, entered, and analyzed on 

SPSS version 21. Frequencies were computed for 

descriptive data like gender, occupation, laterality, 

type of cataract, and stages of cataract. Means with 

standard deviation (SD), median (0.25-0.75 

percentile), minimum and maximum values were 

calculated for numerical data including age, 

keratometry, axial length, and power of the intraocular 

lens. The means of ocular biometric data were 

compared among genders with an independent t-test. 

A p-value of < 0.05 was considered statistically 

significant. 

 
RESULTS 

A total number of 3908 individuals visited an eye 

camp in six days, among them 119 patients were 

selected for biometry before surgery. This made the 

cataract turn out to be 3.04% in a camp. The mean age 
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of the patient in our study was 65.08 ± 11.90 years. 

There were 74 (62.2%) males and 45 (37.8%) females. 

Mean axial length of an eyeball was 22.13 ± 1.25 mm 

(range 18.24 mm to 27.05 mm). Other details are 

depicted in Table 1. 

 Mean keratometric readings K1 and K2 are higher

in females than in males (p= 0.001). No statistically 

significant difference was seen in axial length and 

power of IOL in males and females. The details of 

biometric values among gender are given in Table 2. 

Other demographic details are given in Table 3. 

 
Table1:  Descriptive data of ocular biometric parameters. 
 

Variables Mean ± SD Median (0.25-0.75) Range 

Age in years 65.08±11.90 67 (60-72) 16-90 

Axial length in mm 22.13±1.25 22.27 (21.48-23.00) 18.24-27.05 

K1in D 43.28±1.83 43.50(42.00-44.25) 37.75-47.75 

K2 in D 44.26±1.67 44.25(43.00-45.50) 40.75-48.75 

IOL in D 24.78±3.43 24.50 (22.50-27.00) 17.00-37 
 

SD: standard deviation. K1 & K2: keratometry. IOL: intraocular lens. D: diopter 

 
Table 2:  Comparison of ocular biometric parameters in gender by independent t test. 
 

Gender n (%) Mean AL in mm Mean K1 in D Mean K2 in D Mean IOL Power 

Male 74 (62.1%) 22.25±1.1 42.85±1.6 43.90±1.5 24.65±3.4 

Female 45(37.8%) 21.94±1.4 43.95±1.8 44.85±1.7 25.00±3.5 

p-value 0.192 0.001 0.001 0.593 

Total (119)  22.13±1.25 43.28±1.83 44.26±1.67 24.78±3.43 
 

AL: axial length. K1 & K2: keratometry. IOL: intraocular lens. D: diopter 

 
Table 3:  Distribution of demographic features of the participants. 
 

Variables Frequency (%) 

Gender 

Males 

Females 

 

74 (62.2) 

45 (37.8) 

Occupation 

Student 

Housewives 

Farmer 

Force personnel 

Skilled job 

Labor 

 

01 (0.8) 

45 (37.8) 

46 (38.7) 

09 (7.6) 

10 (8.5) 

08 (6.7) 

Education 

Uneducated 

 

119 (100) 

Laterality 

Right eye 

Left eye 

 

58 (48.7) 

61 (51.3) 

Type of cataract 

Senile cataract 

Traumatic cataract 

Complicated cataract 

 

116 (97.5) 

02 (1.7) 

01 (0.8) 

Staging of cataract 

Immature 

Mature 

Hypermature 

Cataracta nigra 

 

67 (56.3) 

35 (29.4) 

16 (13.4) 

01 (0.8) 

 
Figure 1: map of northern Pakistan displaying places 

of eye camp 

 
 

Figure 1:  Gilgit-Baltistan map with tehsils labelled 
(Reference: https://en.wikipedia.org/wiki/Geography_of_Gilgit-
Baltistan) 

 
DISCUSSION 

This study provides normative ocular biometric data of 

inhabitants living at high altitudes i.e. Skardu in the 

north of Pakistan. 

 The mean adult axial length ranges from 22mm to 

25 mm with mean refractive power of -25.0± 1.0 D.10 

The mean AL of an eyeball in our study was 22.13 ± 

1.25 SD mm. Studies from the same country but from 

different topographical locations have reported a mean 

axial length of 23.36mm and 22.96mm.11,12 These 

studies were conducted at lower altitudes and they 

have a large sample size including variable age range. 

about:blank
about:blank
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Bali et al, has reported mean axial length of 23.23mm 

on a specific tribal population of high altitudes 

(>3000m) in a neighboring country.13 An Indian study 

has reported 23.34 mm mean AL from a hill station 

500 meters above sea level.14 A Chinese study has 

reported a higher ALof 24.07 mm.4 In Western 

countries it is reported to be 23.38mm and 

23.40mm.15,16 Mendefro S et al, have reported a mean 

AL of 22.98 mm in an eye camp of 765 patients.17 One 

of the study conducted in Lhasa, an altitude of 3658m 

has reported a significant change in the axial length in 

participants moved from low land (24.61mm) to high 

land (24.98mm).18 Axial length is also affected by the 

urbanization of population. It is also reported that rural 

inhabitants have short axial length than urban 

population.19 Participants of our study were mostly 

elderly, illiterate and farmers. Inhabitants of Skardu 

are simple people with simple lifestyle and limited 

access to electronic gadgets. An association of the 

female gender with short axial length is also 

reported.17,19 However, our study could not generate an 

association due to its small sample size. 

 The mean keratometry (K) reading in the 

participants of this study was 43.77 D. Shoaib et al, 

reported a mean K reading of 42.87 D.20 An Indian 

study has reported a mean K reading of 44.41 D.14 In 

Nepal the mean K readings reported were 43.69 D and 

43.96.6,9 The K readings in Lhasa, a Tibetan city was 

43.56 D.18 The K readings in our patient are close to 

those reported in the population of Nepal and Lhasa. 

The topography of the highlands of Nepal is similar to 

the Northern areas of Pakistan. The mean K readings 

were greater in females as compared to males, with a 

significant p-value in this study. It is also reported by 

other studies that females have a steeper cornea than 

males.14,21 Some studies have also reported steeper 

corneas in men.22,23 

 The mean power of the intraocular lens (IOL) in 

this study was 24.78 ± 3.43 D. The mean IOL power 

reported by Noor Bakht et al,12 was 21.10 D and 21.20 

D by Shoaib et al from the same country.12,20 The place 

of both the studies was near the sea level and 

topographically in the plains of the South of our 

country. A study conducted by Natung et al at a hill 

station 550 meters above the sea level reported a mean 

IOL power of 20.53.14 Other studies in Nepal have 

reported a mean IOL power of 21.37 D and 21.28D.6,9 

Studies from Ethiopia and New Zealand have 

calculated smaller mean IOL power i.e. 19.34 D and 

19.45D.17,24 Only 5% of their study population 

required IOL power of more than 24D.17 It is reported 

in literature that anthropometric measurements, 

education, occupation, and social status influence the 

ocular biometric parameters.24 

 In our experience, most residents of this district 

also known as Balti, require high power of an IOL to 

be emmetrope post-operatively. Their axial length is 

less and refractive power of cornea is more to be 

emmetrope. Anthropometric measurements of tribal 

people living at high altitudes revealed a wide nasal 

bridge, inter-pupillary distance, inter-canthal distance, 

and a narrow palpebral aperture in vertical height. A 

narrow palpebral aperture is a nature’s protective 

mechanism against the direct and reflected sunlight 

from the snow.13 Eskimos living at high altitude of 

Alaska are reported to have a shallow anterior 

chamber, a flatter radius of corneal curvature, longer 

axial length, and hyperopia.25 

 The Himalayan cataract foundation has used 

single-power IOL in remote areas of Nepal cost-

effectively for optimal refraction based on average 

North American axial length. In Nepal, a large fraction 

of the population resides in distant mountainous 

landscapes mostly inaccessible by road.9 Skardu has a 

similar landscape. Modern healthcare services are 

inaccessible and curtailed for the natives because of 

the scattered population in high and rough terrains. 

Mean ocular biometric parameters of our study will 

help the surgical team to decide the power of IOL if 

biometry device is lacking and in presence of ocular 

disorders causing errors in biometry calculation like 

corneal opacity and pterygium. It will also help the 

teams to arrange different powers of IOLs in sufficient 

quantity beforehand for an eye camp. 

 The values of axial length, keratometry, and power 

of the intra-ocular lens (IOL) represent native 

inhabitants of this area. The results can be generalized 

to some extent in this remote area as it represents three 

districts of Gilgit Baltistan. 

 The limitation of the study is the small sample size 

for ocular biometry, so casual associations cannot be 

generated. Our study did not include the depth of an 

anterior chamber in the parameters of biometry. This 

would have provided a better understanding of the eye 

anatomy of the Balti people. Some studies suggest 

anthropometric measurement is a confounding factor. 

The height and weight were not recorded in our study. 
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CONCLUSION 

This is the first study to give normative data on ocular 

biometric parameters of patients undergoing cataract 

surgery located at high altitudes in northern Pakistan. 

People residing in the mountainous landscape of the 

North of our country require high power of IOL to be 

emmetrope. These biometric values can be used as 

reference values for calculating the power of IOL in a 

local population of this area. 
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