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Preface

Prior to the commencement of this research, Prof. Dr. Ger  van Rens and I had visited 
Bhaktapur district in 2005. Mr. Sankha Twyana, a local resident and staff of Tilganga 
Institute of Ophthalmology (TIO) facilitated meetings with the government officials of 
Bhaktapur municipality. After several meetings, it was decided in 2006 that the research 
could be undertaken formally. TIO and the municipality signed a contract and with the 
initiation of the Bhaktapur Glaucoma Study (BGS), the Bhaktapur Community Eye Centre 
was established. Since 2006, this community eye centre has served as a secondary level eye 
care facility providing ophthalmic care to the people of Bhaktapur district. 

The BGS is the first study in Nepal to report on the prevalence of glaucoma based on the 
International Society for Geographic and Epidemiological Ophthalmology criteria and is 
therefore comparable to other studies from the world that follows the same criteria. The 
epidemiological field work and patient examination of the study began in 2007 and was 
completed in 2010. The data analysis and reporting of research findings followed thereafter.
 
The main objective of this research was to estimate the prevalence of glaucoma among 
subjects forty years and above residing in Bhaktapur district and to investigate the risk 
factors associated with glaucoma. The prevalence of visual impairment, outcomes of cataract 
surgery and awareness of cataract and glaucoma in this population have been reported in 
this thesis. 

Suman S. Thapa
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Introduction of Nepal

Nepal extends along the southern slopes of the Himalayas in Central Asia. It is located 
between 80° 4’ and 88° 12’ east longitude and between 26° 22’and 30° 27’ north latitude. 
The total land area is 147,181 square kilometres and its borders are contiguous with India in 
the west, south and east and with the Tibetan Autonomous Region of the People’s Republic 
of China in the north. There are three geographical regions in Nepal, namely high Mountains, 
Hills and Terai (plain) ranging from North to South. Administratively and politically the 
whole country is divided into 5 regions (from east to west), 14 Zones, 75 Districts, 205 
Electoral constituency and 3995 Village Development Committees (VDCs). Kathmandu is 
the capital city of Nepal. The government of Nepal is a parliamentary democracy.
 The current population of approximately 29 million people (2/3 of them live in 
rural areas) is projected to increase by 71 % over the next 20 years. Population growth 
is 1.9 % per year.1 Life expectancy at birth is low at 59 years but there are considerable 
regional disparities. It is reported to be 74.4 years in Kathmandu valley where the elderly 
population is expected to rise more than threefold increasing demand for the treatment of 
non-communicable diseases.2 The major ethnic castes in Nepal comprise of the Brahmans, 
Chettris, Newars and other Indigenous groups while the religions are Hindu (88%), Buddhist 
(7%), Muslim (3%) and Christianity (2%).
 Nepal has an annual per capita income of US $ 473 per year. Agriculture is the mainstay 
of the economy, providing a livelihood for over 80% of the population and accounting for 
40% of Gross Domestic Product. Forty percent of its population live below the poverty line. 
Industrial activity mainly involves the processing of agricultural produce including jute, 
sugarcane, tobacco, and grain.

National Health Policies, Plan and System 

I. National Health Policies and Plan

1. National Health Policy (NHP) was adopted in the year 1991 to bring about improvement 
in the health condition of the people of Nepal. The primary objective of the NHP was to 
extend the primary health care system to the rural population so that they benefit from the 
modern medical facilities and trained health care providers.3
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2. Second Long Term Health Plan (SLTHP): This is a 20 year long (1997-2017) health 
plan of the government the goal of which is to guide the health sector development for 
the improvement of the health of the population, particularly those whose health needs 
are not often met… and to develop the appropriate strategies programs and action plans 
that reflect mutual health priorities; that are affordable and consistent with available 
resources; and to establish co-ordination among public, private and NGO sectors and 
development partners.

3. Medium Term Strategic Plan (MTSSP): A strategic analysis of the health sector 
jointly conducted by the ministry if health and EDP in 1999 showed that despite the policy 
commitment, equity on access to health care remained elusive and concern was raised 
about the low rate of achievements when compared with the investments made.3 The MTSP 
was the result of that strategic analysis. The key aims developed from this analysis were 
incorporated into the Tenth Five Year Health Plan.

4. Tenth Five Year Health Plan: This covers the period between 2002 - 20074, and also 
incorporates the key principles contained in the document Nepal Health Sector Strategy: an 
Agenda for Reform.

5. Millennium Development Goals (MDGs) focussed on Health: In addition to the above 
mentioned national policy the government of Nepal has also pledged its commitment towards 
the accomplishment of MDGs, a UN led initiative endorsed by almost all the countries of 
the world, including Nepal.

II. National Health System

The National Health System can be divided into two broad categories:

1. Central level institutions
In addition to 5 tertiary care level Hospitals (excluding the army and police Hospitals) in 
Kathmandu (having the total bed capacity of 1100+) providing speciality and subspecialty 
services, there are several other central level units/ bodies with a specialised function and is 
directly under the Ministry of Health (MOH). These bodies include, National Tuberculosis 
Centre, National Centre for AIDS and STD control; or, National Health Education, 
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Information and Communication Centre and various high level policy and management 
units within the complex of MOH.

2. Department of Health Services (DOHS)
The main responsibility of the DOHS is to deliver preventive and curative health care 
services throughout the country. The DOHS primarily does this through a network of 
specialised units focussing on major public health problems. Of the state owned health care 
institutions located outside the capital, there are 5 Regional Health Directorates (which also 
includes five regional hospitals and are directly under the MOH rather than that of DOHS), 
11 Zonal Hospitals, 62 District Hospitals,188 Primary Health Care Centres (PHCC; one for 
each electoral constituency, has 5 beds and is managed by a non-specialist physician), 697 
Health Posts and 3129 Sub-Health Posts (HP and SHP; one for each VDCs, has no inpatient 
facility and is managed by paramedical personnel).
 At the district level, in addition to the DH, there are also District (Public) Health Offices, 
which has a responsibility to implement preventive health activities and supervise/ support 
the PHCC, HP and SHP.
 Regional and Zonal Hospitals are expected to provide the major clinical specialty 
(Medical, Surgical, Paediatric and Obstetrical/Gynaecologic) services; the SHP, HP, PHCC 
and DH are supposed to provide what is called Essential Health Care Services (EHCS).
 The SHP could be conceptualised as the first contact point between the health care 
delivery system and the population seeking health care services’ in reality the SHP is 
the referral centre (in most rural areas) for the volunteer cadres such as Traditional Birth 
Attendants (TBAs; total no = 15000+) and female Community Health Volunteers (FHCV; 
total no = 48,000) who are active in rural village communities.

III. Current Health Scenario

The overall morbidity in Nepal is dominated by infectious disease, nutritional disorders, 
and maternal and perinatal diseases. Half of all the deaths and two thirds of all Disability 
Adjusted Life Years (DALYs) are caused by them. However non- communicable diseases 
are beginning to increase in relative importance, though not to the same extent as they have 
been in many low-income countries.2 The top five leading causes of mortality among in-
patients by Central Hospitals, as per reports in 20095 are shown in the table 1.
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Table 1. Causes of death as per reports in 2009 (5)

Cause of Death Percentage of all deaths

Chronic Obstructive Lung Disease 65

Cerebrovascular attack 44

Alcoholic Liver Disease 43

Head Injuries 39

Diabetes 19

As per the latest government report on the current national health data in the year 2009, 
the top 5 conditions diagnosed among patients attending outpatients clinic throughout the 
government run health care institutions are presented in table 2. 

Table 2. Most common conditions among patients attending outpatients’ clinic in government run health care institutions.

Diseases / Conditions Prevalence/Burden

Intestinal worms 3.76 %

Lower respiratory tract infections 3.68 %

Fever 3.39 %

Gastritis 3.39 %

Headache 3.26 %

Fever 2.50 %

Health expenditure is very low in Nepal in spite of some real increase over recent years. 
Currently the total expenditure is about $10.50 per capita with $7.40 being private-the 
majority of which is out of the pocket expenditure. Transport costs are a significant deterrent 
to the poor accessing heath care in remote areas and the largest equity discrepancies relate 
to the area of residence.
 The challenged faced by the health sector in Nepal are similar to those facing other 
low income countries-namely an unregulated private sector and a rapid expanding and 
unregulated private sector. While the government needs to focus on ensuring access by 
the poor and vulnerable to essential health care service (EHCS), this will only succeed if it 
ensures that systems- both financial and regulatory-are in place to meet the expectations if 
the population who wish to access services outside the EHCS.2
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Infrastructure of Eye Health Care in Nepal

The Nepal Prevention Blindness Program was jointly established by the Ministry of Health 
and WHO in 1979 with the objective to provide eye care services to Nepal. The project was 
launched with the following objectives:
• National Blindness Survey
• Establishment of eye care services
• Development of human resources
• Integration of primary eye care into the primary health care

Nepal Blindness Survey 1981

The Nepal Blindness Survey (NBS) was a multipurpose, interdisciplinary study directed 
toward improving the knowledge about the amount and location of blindness in Nepal. 
Since the primary objective of the Nepal Prevention Blindness Program was to reduce levels 
of avoidable blindness by 90 percent, only certain cause specific blindness were of interest 
to the program and hence the survey. These include blinding diseases of conditions that 
could be eliminated through treatment. The focus of the program and of the survey thus 
was narrowed to examine the nature of the diseases such as cataract, trachoma, vitamin A 
deficiency, and eye injury or trauma.
 The Nepal Blindness Survey was designed during a two- year period between the early 
1979 until the end of 1980. A large national sample of 105 sites comprising of households and 
their residents was designed and selected. Principles of probably sampling were used.6

Summary of the NBS 1981: Of the 39,887 people examined, The NBS found 335 blind, 
using the WHO criterion on visual acuity less than 3/60 in the better eye. It is estimated that 
there are 117,623 blind in Nepal (0.84%); 259,888 with low vision (1.85%); and 233,612 
blind in one eye (1.66%).
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The following tables (Table 3-8 summarises the results of the NBS of 1981)

Table 3. Visual impairment by WHO categories

Visual Acuity Sample N Population Estimates Percentage in population

Not impaired 38,478 23,680,142 97.31%

Low Vision 738 259,888 1.85

Blind 335 117,623 0.84

Table 4. Distribution, estimated number of cases and prevalence of unilateral and bilateral blindness 

Sample N Estimated Number of cases Percentage of Nepal’s Total

Sighted both eyes 38,547 13,703,500 97.5%

Blind in one eye 661 233,612 1.7

Blind in both eyes 335 117,623 0.8

Subtotal 39,543 14,054,735 100.0

Missing 344 118,346 NA

Total 39,887 14,137,081 100.0

Table 5. Distribution of blindness by age and sex

Sample N Estimated Number of 
Cases

Prevalence
(Per100)

Percentage of
Nepal’s Total

Male
0-9 6,099 726 0.04 0.7%
10-19 4,388 1,860 0.12 1.6
20-29 2,605 1,912 0.19 1.6
30-39 2,135 2,925 0.37 2.5
40-49 1,667 3,634 0.59 3.1
50-59 1,277 9,396 2.06 8.0
60-69 783 13,612 4.90 11.6
70+ 415 13,025 9.11 11.1
Total Male 19,379 47,126 0.68 41.2
Female
0-9 6040 1,310 0.06 1.1
10-19 4044 2,348 0.16 2.0
20-29 3213 2,036 0.17 1.7
30-39 2392 3,146 0.36 2.7
40-49 1944 5,103 0.74 4.4
50-59 1264 10,323 2.38 8.8
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60-69 865 22,563 7.79 19.3
70+ 380 23,256 17.25 19.8
Total Female 20142 70,085 0.98 59.8
Sub Total 39521 1,17,211 0.83 100.0
Missing 366 0 NA NA
Total 39887 1,17,221 0.83 100.0

Table 6. Distribution, estimated number of cases and prevalence of blindness by urban/rural residence

Urban/rural Sample
N

Estimated number 
of cases

Prevalence
(Per 100)

Percentage of 
Nepal’s Total

Urban 37,561 107,834 0.8 91.7%

Rural 1,990 9,789 1.0 8.3

Subtotal 39,551 117,623 0.8 100.0

Missing 336 NA NA NA

Total 39,887 117,623 0.8 100.0

Table 7. Distribution, estimated, number of cases and prevalence of blindness by terrain 

Terrain Sample
N

Estimated number 
of cases

Prevalence
(Per 100)

Percentage of 
Nepal’s Total

Terai (Plains) 17135 61379 1.01(1.06) 52.2%

Hills 18885 47619 0.71(0.66) 40.5

Mountains 1562 3778 0.67(0.59) 3.2

Valley 1961 4846 0.63(0.67) 4.1

Subtotal 39543 117623 0.84 100.0

Missing 344 0 NA NA

Total 39887 117623 0.84 100.0

Table 8. Distribution, estimated number of cases and prevalence of blindness by region

Urban/rural Sample
N

Estimated number 
of cases

Prevalence
(Per 100)

Percentage of 
Nepal’s Total

Eastern 9819 29785 0.86(0.89) 25.3%

Central 12347 37591 0.82(0.77) 32.0

Western 7548 18127 0.69(0.60) 15.4

Far West A 5665 17811 0.92(1.06) 15.1

Far West B 4172 14309 0.97(0.95) 12.2

Subtotal 39551 117623 0.84 100.0

Missing 336 NA NA NA

Total 39887 117623 0.84 100.0
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Causes of Blindness NBS 1981

The major cause of blindness has been presented in table 9. Cataract is the leading cause of 
blindness in Nepal. It accounts for more than two-thirds of all blindness and more than four-
fifths of all avoidable blindness. Of the 39,887 people examined during the survey, 1137 
(2.8%) were found to have some degree of lenticular opacity or evidence of prior cataract 
surgery. Approximately 20% of those with cataracts are blind. Over half of these cataract 
blind live in the Terai regions and one third of them live in the hills and the mountains. 
Trachoma is the most widespread condition leading to blindness. Out of the 39,887 people 
examined, 2770 had Trachoma (6.9%). Despite its prevalence, trachoma causes only 2.4% 
of the blindness in Nepal. Trachoma is clustered in certain geographic areas and among 
certain population groups. Most notably, Trachoma is prevalent in the Western terai and 
affects females more than males.

Table 9. The causes of blindness NBS 1981

Cause of blindness Sample Estimated number of 
cases Percentage

1 Cataract 81 28,430 60.3

2 Cataract sequelae 10 3,693 7.8

3 Retinal Disease 6 2,094 4.4

4 Trauma 5 1,799 3.8

5 Amblyopia 3 1,134 2.4

6 Glaucoma 3 1,128 2.4

7 Other infections 3 1,101 2.3

8 Small pox 2 713 1.5

9 Nutritional aetiology 1 372 0.8

10 Trachoma 0 - -

Other unknown causes 13 4,818 10.2

Undetermined 6 2,152 1.8

Total 335 11,7623 100.0
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Prevalence of blindness in various zones and districts of Nepal:

1. Nepal Blindness Survey 1981: Results of the 1981 Nepal National Blindness Survey 
showed that 0.84% of the Nepalese population was bilaterally blind (<3/60); in those aged 
45 years and older the percentage was 3.77%.1 It was estimated that 80% of this blindness is 
either curable or preventable. The major cause of blindness was cataract: 83% in those >45 
years (65.4% in all ages).6

2. Prevalence of blindness and cataract surgery in Nepal, 1995.7 The prevalence of 
blindness among those more than 45 years was 5.7% (<6/60 in both eyes) cataract being the 
principal cause in at least one eye in 78% of cases. Considering both cataracts operated and 
unoperated cataract blind cases, surgical coverage were approximately 42%.

3. Prevalence of blindness and cataract surgery in Gandaki Zone, Nepal, 2002.8 The 
prevalence of blindness among those more than 45 years was 2.6% (<6/60 in both eyes). 
Cataract was the principal cause of blindness (60.5%).The cataract surgical coverage was 
59.5%.

4. Blindness prevalence and cataract surgical coverage in Lumbini Zone and Chitwan 
District of Nepal, 2006.9 The prevalence of blindness among those more than 50 years 
was 4.6 % (<6/60 in both eyes). Cataract was the principle cause of blindness (48.1%).The 
cataract, surgical coverage was 66.6%.

5. The prevalence of blindness and cataract surgery in Rautahat district, Nepal.10 The 
prevalence of blindness among those more than 50 years was 17.4% (<6/60 in both eyes). 
Cataract was the principle cause of blindness (82.1%).The cataract, surgical coverage was 
37.3%.

Establishment of eye health care services

The Nepal Netra Jyoti Sangh (NNJS) - a non governmental organisation was established 
in 1978. The NNJS envisioned the establishment of eye hospitals and primary eye care 
centres throughout the country. Today, there are 20 Eye Hospitals, 17 eye departments, 
Community (District) Eye Care Centres established by various International and National 
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Non Governmental Organisations under the Ministry Of Health throughout country. 
Geographic diversity in Nepal has made it very difficult to make a uniform distribution of 
eye care services throughout the country.

Levels of eye health care services

Eye Health care services are categorized into 4 levels:
Level I - Primary Eye Care Service, providing basic treatment for common eye problems 
through the Primary Health Post.
Level II- Community Eye Centre (District) prescribing glasses, organizing outreach eye 
camps and management of common eye diseases. 
Level III- Zonal or central level providing more specialized eye care services (Tertiary level). 
Level IV- Referral or Institutional level providing sub-specialty services.
 The Eye Hospitals: There are 4 eye hospitals in Kathmandu, the capital of Nepal. The 
majority of the other hospitals are located in the southern belt, the Terai region of the country 
as the NBS 1981 revealed that the majority of the avoidable blindness was found in the Terai 
region. Eye hospitals provide comprehensive ophthalmic care- medical and surgical. They 
are managed by Ophthalmologists, Ophthalmic Assistants, Nurses and other staff.
 Community Eye Care Centres (CECs): As majority of the eye hospitals are located in 
the Terai (plains), many patients living in the hilly and the mountainous regions of Nepal are 
not able to access these eye hospitals. These eye hospitals have satellite clinics/CECs in the 
hilly regions. The CECS are managed by ophthalmic assistants those who are trained to do 
refraction, diagnose, treat eye diseases and refer surgical and other complicated diseases to 
the closest eye hospital. 

Development of human resource

The post NBS 1981 has ushered a significant development in human resources. There was 
a significant jump from 7 ophthalmologists in the seventies to 100s towards the close of the 
last century and the non-existent ophthalmic assistants to over 400. It is attributed to long 
term planning and timely decision to train these categories of human resource within the 
country. Table 10 presents the Human Resource and Eye Care Infrastructure in Nepal.
 The MD Residency Program in Ophthalmology was first begun at the Institute of 
Medicine, in 1987. It commenced with the training of 2 residents per year. Today there 
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are other institutions and in total 18-20 residents are admitted every year with a view of 
producing 18-20 ophthalmologists in one year.
 The ophthalmic assistant training program is a structured curriculum for duration of 3 
years where students after completing the high school are admitted and are taught the basic 
of eye diseases. At the end of the curriculum they are qualified to diagnose, treat and refer 
patients. On an average 20 ophthalmic assistants qualify every year.

Table 10. Human Resource and Eye Care Infrastructure in Nepal 

1981 2010

Ophthalmologists 7 140

Ophthalmic Assistants/Supporting staff 25 425

Eye Hospitals 5 20

Eye Departments 0 17

Primary Eye Care Centers 0 58

Ratio : Ophthalmologist / Supp. Staff 1:4 1:5

Ratio : Population / Ophthalmologist 2m 0.25m

Integration of primary eye care into the primary health care

Initially the plan was of training 1 Ophthalmologist per 100,000 populations. However, 
this was a near impossible task. The South East Asia Regional Office meeting held in New 
Delhi in 1993 recommended 1 Ophthalmologist for a population of 200,000. This target was 
also difficult to fulfil. As the need for eye care was growing and as there were not enough 
ophthalmologists to fulfil the duties to the required population, several paramedical staffs 
were trained to provide eye care to the community.
• Ophthalmic assistants
• Health post incharges
• Health Inspectors
• District Medical Officers

Apart from these paramedical staffs, Primary School Teachers (as they are able to reach 
the communities in very remote areas and are especially trusted by the local community) 
are also involved in making the community aware of eye problems and encouraging the 
community to seek eye care.
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Vision 2020 and National Plan of Action 

VISION 2020 is the global initiative for the elimination of avoidable blindness, a 
joint programme of the World Health Organisation and the International Agency for the 
Prevention of Blindness (IAPB) with an international membership of NGOs, professional 
associations, eye care institutions and corporations. Vision 2020 was launched in Nepal on 
19th November 1999.
 The Apex Body for Eye Health was created on October 06, 1999 under the Ministry 
of Health and Population as a high level policy making body to coordinate, facilitate and 
monitor the progress and expansion of eye care services in the country. The Apex Body has 
charted “National Plan of Action” for Eye Care Services in Nepal with strategic plans for 
2002-2019. The priorities are the following: 
• Trachoma
• Childhood blindness 
• Refractive Errors and low vision 
• Infrastructure and appropriate technology development
• Human resource development

The Bhaktapur Glaucoma Study

The Bhaktapur Glaucoma Study (BGS) is a cross sectional, longitudinal, epidemiological 
study designed to estimate the prevalence of glaucoma. It will be the first study in Nepal 
to estimate the prevalence of glaucoma and the associated risk factors among the Nepalese 
population residing in Bhaktapur district. 

Bhaktapur district

Bhaktapur is situated approximately 15 kilometres away from the capital city, Kathmandu 
in the mid-mountain region of Nepal. Geographically it is located between Latitude 27º42’N 
and Longitude 85º31’E at an elevation of 2163 metres and covers an area of 12,017 square 
kilometres. According to the 2001 Census, the population of Bhaktapur was 225,461 with a 
population density per square kilometre of 1,895.11 The population above the age of 40 years 
is 55,323. The total household was 41,253 and the average household size was 5.47. The 
male- female sex ratio was 104 and a literacy rate of 70.3 percent. Bhaktapur is divided into 

General Introduction



Chapter 1

20

2 municipalities and 16 Village Development Committees (VDCs). While the Municipalities 
are urban areas, the 17 VDCs are rural areas of the district. The 2 urban areas comprise of 
a total population of 133,561 people which accounts to about 60 % of the population of 
Bhaktapur while the rest of the population are distributed in the 17 VDCs.

Why Bhaktapur district was chosen for the study? 

Bhaktapur district is similar in its demographic profile to other districts of Kathmandu valley. 
It would be expected that the findings from the study could be extrapolated for adjoining 
districts as well.
 To estimate the prevalence of glaucoma, detailed glaucoma investigations have to be 
conducted. These investigations can only be done at a tertiary level eye hospital. Thus 
Bhaktapur was also chosen for its close proximity to Tilganga Institute of Ophthalmology 
(TIO) where patients could be transported for a detailed comprehensive eye examination.
 Bhaktapur district does not have an eye hospital to serve its population. Therefore it was 
of interest to estimate the prevalence of blindness and visual impairment in this district. 

Plan of the study

The duration of BGS was estimated to span over three years (2007-2010). The study 
was divided into two phases. Phase 1: Epidemiological field work and Phase 2: Clinical 
examination of patients. After the field work, the selected subjects would be recruited and 
brought to TIO for a comprehensive eye examination.
 Field work: ‘Team A’ consisted of 9 enumerators whose responsibility was to conduct 
a census in the selected clusters. They would conduct a door to door survey of household 
members, collect demographic information (name, age, sex, occupation, ethnic background) 
and prepare an eligibility list of subjects. They would also have to conduct public awareness 
programs to motivate and enhance participation of the people in the community. The school 
teachers and VDC in-charges were also requested to motivate the community to participate 
in the research. After the enumeration, two field workers would recruit subjects selected for 
the study to attend TIO in Kathmandu.
 Clinical Work: Team ‘B’ comprised of two glaucoma specialists who were involved in 
the primary examination, five ophthalmic assistants involved in investigations (recording the 
visual acuity, refraction, visual field examinations, optic disc photography) and counselling 
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of patients, two supervisors involved in taking consent, history, data collection and the 
overall co-ordination of the team and a statistician to analyse the data.

Research Objectives

The objectives of Bhaktapur Glaucoma Study (BGS) are:
1. To estimate the prevalence of glaucoma in subjects more than 40 years of age in this 

population and investigate the risk factors that could have an association with glaucoma 
(such as age, sex, intraocular pressure, central corneal thickness, refractive error, 
hypertension and diabetes).

2. To estimate the prevalence of visual impairment and blindness in subjects more than 
40 years of age in this population and to evaluate the visual outcome after cataract 
surgery.

3. To compare the anterior chamber depth and axial length between normal, primary open 
angle glaucoma, primary angle suspects and primary angle closure glaucoma.

4. To determine the awareness of eye diseases such as cataract and glaucoma in the 
community

5. To investigate the genetic risk factors for the development of glaucoma and other 
common blinding diseases

Treatment of subjects after screening

Common external eye diseases: Medications were distributed free of cost for those with 
common external eye diseases such as, blepharitis, dry eyes, forms of conjunctivitis etc. 
Refractive error: Subjects with refractive error and presbyopia were given frames and 
reading glasses. Cataract: Those subjects with cataract and other eye diseases were referred 
to the respective departments of TIO. Cataract surgery was offered free of cost to those with 
cataracts. Visually impaired subjects: Subjects with low vision and blindness were referred 
to the low vision unit and to the Nepal Association of the Blind for rehabilitation.

Conclusion

Nepal is an under-developed country in the Himalayas. Eighty percent of the country is 
inaccessible by road. The majority of the Nepalese people are farmers and the literacy rate 
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which is 53.7% is one of the lowest in the world.7 Due to the difficult geographic terrain and 
poor economy in the country, the health care infrastructure is not very well established. People 
living in remote regions of Nepal often have to walk for several days to reach the nearest health 
facility. In most areas there are no eye doctors, and eye diseases are treated by health workers.
 Cataract is the foremost cause of blindness in Nepal. With an increase in life-expectancy 
of the population in developing countries, there will be more people with age related eye 
conditions leading to visual impairment and morbidity in the future.
 The BGS will reveal novel data on glaucoma and visual impairment in this district. 
We hope that the publication of the results from this study will aid in the planning and 
implementing eye health policies, and delivering comprehensive eye care to the people of 
Bhaktapur district. 
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Abstract

Background: To describe the methodology and baseline data of a population-based study 
designed to determine the prevalence of glaucoma and to study the risk factors for glaucoma 
development in a Nepali population.
Design: Population based cross sectional study.
Participants: Subjects 40 years and above residing in Bhaktapur District.
Patients and Methods: Power calculations suggest that a sample size of 4758 is required. 
Thirty clusters were randomly selected from the 2 Municipalities and 16 Village Development 
Committees of Bhaktapur District in Nepal. A door-to-door census was conducted in the 
selected clusters to identify citizens 40 years of age and older. Demographic details were 
collected and a structured-interview, regarding awareness for cataract and glaucoma was 
taken. All individuals fulfilling the eligibility criteria were recruited and referred to the 
Tilganga Institute of Ophthalmology in Kathmandu for a detailed clinical examination 
including glaucoma diagnostic procedures. Peripheral blood samples were taken to facilitate 
future genetic analysis.
Main Outcome Measures: Prevalence of glaucoma, risk factors and genetic screening.
Results: A total of 4,800 people were selected. The mean age of participants was 55.4 ± 
12.3 years (range: 40- 99) and 51.8% were female. 64.8% of our cohort was aged less than 
59 years and 60.5% were illiterate. Among the various ethnic races, 69.7% belonged to the 
Newar ethnic group.
Conclusion: This study will determine the prevalence of glaucoma and allow for an 
increased understanding of the risk factors for glaucoma development in this region.
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Background

Glaucoma is the second leading cause of blindness in the world and the leading cause of 
irreversible blindness. The number of people with glaucoma is expected to increase due 
to the aging of the population. Quigley and Broman have estimated that there will be 60.5 
million people with glaucoma in 2010. Asians are expected to represent 47% of those with 
glaucoma and 87% of those with angle closure glaucoma.1

 The World Health Organization (WHO) estimates that 3.4% of people aged 50 years 
and older are blind in a South-East Asian sub-region that includes Nepal. In this sub-region, 
WHO estimates that approximately 9% of blindness in all age groups is due to glaucoma.2 
These estimates are very crude, given the paucity of visual epidemiology work conducted in 
Nepal. Only two studies of the adult Nepalese population were reviewed by WHO, neither of 
which was designed to measure glaucoma prevalence.3-4 Instead, the estimate relied heavily 
on population-based studies in India, Bangladesh, and Pakistan, along with assumptions 
based on the population age distribution and mortality rate in this sub-region.5

 Nepal is a South Asian country with approximately 29 million people from a 
multitude of ethnic groups. In 1981, it was found that cataract accounted for 66.8% of 
all blindness in Nepal, with glaucoma responsible for 3.2%.3 The prevalence of various 
subtypes of glaucoma has not been delineated in Nepal. This study aims to identify the 
prevalence in Nepal of Primary Open Angle Glaucoma (POAG) and Primary Angle Closure 
Glaucoma (PACG). With the advances in cataract surgery, such as low-cost, high-volume 
and high quality extracapsular cataract extraction with posterior chamber intraocular lens 
implantation, causes of blindness in Nepal likely would have changed remarkably over the 
past three decades.6 By determining the actual prevalence of eye diseases, future health care 
programs can be aimed at treating these diseases.
 To examine a population of Nepal, Bhaktapur (Figure 1) was chosen for its diversity 
of Nepali ethnic groups and its proximity to Kathmandu. 
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Figure 1 Map of Nepal showing Bhaktapur district.

Research Objectives

The objectives of Bhaktapur Glaucoma Study (BGS) are:
1. To estimate the prevalence of glaucoma in subjects more than 40 years of age in this 

population.
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2. To investigate the risk factors that could have an association with glaucoma such as 
age, sex, intraocular pressure, central corneal thickness, refractive error, hypertension 
and diabetes.

3. To estimate the prevalence of visual impairment and blindness in subjects more than 
40 years of age in this population 

4. To compare the anterior chamber depth and axial length between normal, primary 
open angle glaucoma, primary angle suspects and primary angle closure glaucoma.

5. To investigate the genetic risk factors for the development of glaucoma and other 
common blinding diseases.

6. To determine the awareness of eye diseases such as cataract and glaucoma in the 
community. 

Methods

Epidemiological Fieldwork

Study Design
The study was designed as a population based cross-sectional study.

Sample Size
A sample size of 4758 was calculated after assuming a prevalence of 3 % for glaucoma, a 
relative precision of 25%, 85% compliance and a design effect of 2.7-9 The 3% prevalence 
of glaucoma was derived from studies undertaken in the region such as the Andhra Pradesh 
Eye Disease Study,10-11 Vellore Eye Study,12-13 Chennai Glaucoma Study14-15 and West Bengal 
Glaucoma Study.16 A total of 4800 subjects were enrolled.

Study Area
Bhaktapur is situated approximately 15 kilometres away from the capital city of Nepal, 
Kathmandu. It is located within the mid-mountainous region of Nepal. Geographically, it 
is located at latitude 27º42’N and longitude 85º31’E, at an elevation of 2163 metres above 
sea-level and covers an area of 123 square kilometres. Bhaktapur is divided into two 
Municipalities and 16 Village Development Committees (VDC). While the municipalities 
are urban areas, the VDCs are rural regions. The municipalities and the VDCs are further 
divided into wards. A ward is the smallest administrative unit and each generally contains 
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approximately 200 households. According to the 2001 Census, the population of Bhaktapur 
was 225,461 with a population density of 1,895 per square kilometre.17 The demography of 
the study area is presented in Table 1.
 

Table 1. Demography of study area

Gender Male (%)
Female (%)

50.9 
49.1 

Religion

Hindu (%)
Buddhist (%)
Christian (%)
Muslim (%)
Others (%)

89.8 
 9.4 
 0.3 
 0.1 
 0.4 

Ethnicity

Newar (%)
Chhetri (%)
Brahmin (%)
Tamang (%)
Others (%)

55.9
18.5 
10.1 
 5.2 
10.3 

Literacy  (%) 70.3 

Sampling Method
The sampling frame comprised of 161 wards, with an estimated total population of 48,223 
people above the age of 40 years residing in this area. The survey involved the selection 
of 4800 subjects aged 40 years and above from this sampling frame, using a WHO 30 
cluster sampling procedure.18 In the first stage of sampling, a list of all the wards or clusters 
(n=161) from 16 VDCs and 2 municipalities in the district was obtained from the 2001 
Nepal national census data. These clusters were arranged in order of population size and 30 
of these clusters were sampled with probability proportionate to the size (PPS). Thereafter, 
field workers conducted a house to house census in the selected 30 clusters to prepare an 
eligibility list. A household was eligible to participate in the survey if it had at least one 
member above 40 years of age. The selected 30 clusters and a total of 11,232 eligible subjects 
that were identified by the fieldworkers during the census are presented in Table 2. For the 
second stage sampling, a database was prepared where the names of all the eligible subjects 
(n=11,232) were entered. After the completion of the list, 4800 subjects were selected from 
the 30 clusters using EPI-INFO software, version 3.5.1.19 The selected subjects were then 
visited by the field staff and referred to the Nepal Glaucoma Eye Clinic, Tilganga Institute 
of Ophthalmology for a comprehensive eye examination.
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Table 2. Selected wards

S.No Districts
Code

VDC
Code VDC Name Ward 

No.
Census 
Population 2001

Sample 
Population

1 26 1 Bageswori 1 132 60

2 26 1 Bageswori 9 132 62

3 26 2 Balkot 1 177 79

4 26 2 Balkot 3 177 63

5 26 3 Thimi M.P.(Balkumari) 2 587 350

6 26 3 Thimi M.P.(Balkumari) 3 587 154

7 26 4 Bhaktapur M.P. 2 925 431

8 26 4 Bhaktapur M.P. 4 925 380

9 26 4 Bhaktapur M.P. 5 925 387

10 26 4 Bhaktapur M.P. 7 925 402

11 26 4 Bhaktapur M.P. 16 925 407

12 26 6 Changunarayan 7 152 74

13 26 7 Thimi M.P. (Thimi) 8 587 458

14 26 8 Chhaling 1 191 81

15 26 8 Chhaling 8 191 79

16 26 9 Chitpol 8 132 51

17 26 10 Dadhikot 1 180 65

18 26 10 Dadhikot 8 180 73

19 26 13 Jhaukhel 1 167 65

20 26 14 Katunje 1 237 94

21 26 14 Katunje 6 237 101

22 26 15 Thimi M.P. (Lokanthali) 4 587 404

23 26 16 Thimi M.P. (Nagadesh) 2 587 99

24 26 16 Thimi M.P. (Nagadesh) 3 587 62

25 26 17 Nagarkot 4 110 27

26 26 17 Nagarkot 7 110 43

27 26 19 Sipadol 1 145 59

28 26 19 Sipadol 3 145 68

29 26 19 Sipadol 4 145 59

30 26 19 Sipadol 8 145 63

Total Population 11232 4800

Abbreviations: No. number; VDC Village Development Committees; MP Municipality 
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Eligibility Criteria

Citizens within the selected sample area found to be aged 40 years or above were included 
in the study. Further, participants were only included if they had resided in the sample area 
for a minimum of 12 months, to allow future longitudinal studies to take place. 

Exclusion Criteria

Citizens were excluded from the study if they were found to be less than 40 years or who 
were planning to reside in the sample area for less than 12 months. 

Refusals 

After identifying suitable individuals as defined by the exclusion criteria, verbal consent was 
sought prior to participation. Those who declined to answer general questions on history of 
eye disease or refused to undergo eye examination were not included in the study. The 
demographic characteristics of individuals who did not participate were collected in order 
to compare them with the study participants

Criteria for classification of glaucoma

We applied criteria for diagnosing glaucoma previously described by the International 
Society for Geographic and Epidemiological Ophthalmology (ISGEO), using ‘‘three levels 
of evidence’’. 20

(a) A VCDR of 0.7 or greater or asymmetry between the right and left VCDRs of 0.2 or 
more, and a visual field defect consistent with glaucoma.

(b) A VCDR of 0.9 or greater in either eye or asymmetry between the right and left VCDRs 
of 0.3 or more, when reliable fields test result could not be obtained.

(c) IOP greater than 26 mmHg and visual acuity worse than 3/60, or evidence of previous 
glaucoma filtering surgery, when the optic disc could not be examined because of media 
opacity.
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Open angle glaucoma: In the presence of open anterior chamber angles, a patient was 
given a diagnosis of primary open angle glaucoma (POAG) if one or both eyes met any 
of the criteria outlined above, unless there was any other sign of retinal or optic nerve 
disease, for example, diabetes mellitus, branch or central retinal vein occlusion, or signs of 
pseudoexfoliation, trauma or pigment dispersion. If any of the latter signs were present, a 
diagnosis of secondary open angle glaucoma was made.
 A diagnosis of suspected POAG was made in the presence of an open anterior chamber 
angles, a VCDR of 0.7 or more, or asymmetry between the right and left VCDRs of 0.2 
or more absence of focal defects like notch, erosion and NFL hemorrhages without an 
associated definite visual field abnormality.
 Primary angle closure glaucoma (PACG), primary angle closure (PAC) and primary 
angle closure suspect (PACS): The definitions of occludable angle and manifest PACG were 
again based on definitions suggested by the ISGEO. PACS, an eye in which the posterior 
trabecular meshwork was not seen for at least 180 degrees on non-indentation gonioscopy; 
PAC, an eye with PACS and peripheral anterior synechiae and/or elevated IOP without 
glaucomatous damage of the optic disc; and PACG, PACS with evidence of glaucoma as 
defined by the ISGEO.

Field Operations and enumeration

This part of the study commenced in January 2007 and was completed in July 2007. 
Epidemiological field work comprised of four enumerators assigned to conduct a door-to-
door census in the selected thirty clusters. A household was defined as members living in the 
same premises and sharing a common kitchen. Demographic information such as name, age, 
sex, occupation and ethnicity of subjects above the age of 40 years were collected during 
enumeration. Enumerators also conducted an interview on all subjects above the age of 40 
years regarding the awareness of eye diseases such as cataract and glaucoma. An eligibility list 
was then prepared and each eligible subject was given an 8-digit identification number. Two 
community health workers later revisited the houses of every subject that was selected for the 
study and explained the study in greater detail and explained the reasons and the benefits from 
the study to the subjects and their community. Leaders in the VDCs, local school teachers and 
volunteers were also called upon to encourage community participation. On the day of the 
examination, two community health workers accompanied subjects in a hospital bus that was 
arranged to transport them to the hospital and then back to their villages.
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Ethical Approval

This study was approved by the Institutional Review Committee of the Tilganga Institute 
of Ophthalmology (TIO) and is being conducted in accordance with the Declaration of 
Helsinki and its subsequent revisions.

Hospital-Based Clinical Examination and Diagnostic Procedures

The examination protocol used in this study was adapted from the Chennai Glaucoma 
Study.21 In our study the hospital-based clinical team comprised of eight members (two 
glaucoma specialists and six ophthalmic assistants) who were assigned to conduct clinical 
examinations and diagnostic procedures at the Nepal Glaucoma Eye Clinic of Tilganga 
Institute of Ophthalmology (TIO) in Kathmandu. This part of the study commenced in July 
2007 was completed in December 2009.
 A pilot study was conducted on 85 volunteers that included staff of the hospital, 
relatives of patients and students. The examination was conducted in the actual sequence 
mentioned and minor modifications were later made to finalize the sequence of examination. 
Two fellowship trained glaucoma specialists were involved in the clinical evaluation. 
Repeatability was determined between inter- and intra-observers.

Upon arrival, all subjects were registered and thereafter underwent the following procedures:

1. Informed consent was obtained from all subjects after being explained in detail about all the 
procedures to be undertaken. The informed consent was written in the vernacular. The consent 
form was read out for those unable to read. Upon agreement by the subject, they were asked to 
sign the consent form. For those unable to sign, thumb impressions were taken.

2. Ocular and medical history was taken regarding ocular conditions such as history of 
wearing glasses, using eye drops, trauma to the eyes and any other existing eye problems. 
A history regarding systemic diseases, high blood pressure, diabetes and a family history of 
glaucoma or any eye disease was taken.

3. Visual acuity and refraction was conducted by an ophthalmic assistant with a three-year 
certified training in ophthalmology. The vision was recorded using a log MAR E chart placed 
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at 4 meters distance. The unaided presenting visual acuity and the best corrected visual 
acuity were recorded. Objective refraction was carried out using a streak retinoscope (Beta 
200, Heine, Germany), which was followed by a subjective refraction. If the subject was 
unable to read the logMAR 1.0 line then the vision was checked at 1 metre. If the subject 
was unable to identify any of the largest optotypes, then perception of hand movement was 
checked. If hand movements could not be identified, then presence of light perception was 
checked and recorded. 

4. Frequency Doubling Perimetry (FDP) was performed on all subjects with a visual acuity 
of LogMAR 0.6 or better, using the C-20-1 visual field evaluation (Zeiss Humphrey Systems 
Dublin, CA, USA).22 Eligible subjects underwent this screening test twice 23 to check for 
reliability of the test.

5. Pachymetry was used to measure central corneal thickness (CCT) on all subjects using 
Sonogage (Cleveland, OH 44128 USA). The ocular surface was anesthetised with proparacaine 
0.5% (Cipla Ltd. Mumbai, India). The measurement was taken with subjects in the sitting 
position while fixing on a distant target. The average from five measurements was recorded.

6. External examination of the face and eyes with the help of a hand-held flashlight included 
examination for the presence of strabismus, extraocular movement abnormalities or any 
other gross pathology.

7. Pupillary evaluation involved asking the subject to fix at a distant object and then the 
direct and indirect pupillary reflexes of each eye were evaluated. A swinging flashlight test 
was used to determine the presence or absence of a relative afferent pupillary defect.

8. Slit lamp biomicroscopy was performed using a Haag Streit BP 900 (Switzerland) slit 
lamp. The lids and adnexa, conjunctiva, sclera, cornea, anterior chamber and iris were 
examined. The van Herrick’s method was used to grade peripheral anterior chamber depth.24

9. Goldmann Applanation tonometry was used to measure intraocular pressure (IOP) on all 
subjects (AT 900 Haag Streit International).25 The tonometers were calibrated at three months 
interval and two observers took measurements. The ocular surface was first anesthetised 
with Proparacaine 0.5%. (Cipla Ltd. Mumbai, India).
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10. Gonioscopy was done on all subjects with a 4-mirror Zeiss gonioscope. The angle was 
graded according to the Shafer system.26 If the posterior pigmented trabecular meshwork 
was not visible for at least 180 degrees on non-indentation gonioscopy then the angle was 
classified as occludable. The subjects with occludable angles were explained the risk of 
developing angle closure if they did not undergo laser peripheral iridotomy (LPI). Those 
subjects who consented underwent LPI.

11. Ocular Biometry was performed on every fifth subject, with the first subject being 
randomly selected. Measurements of axial length and the anterior chamber depth were 
taken. Those subjects with occludable angles primary angle closure and with primary angle-
closure glaucoma (PACG) also underwent ocular biometry measurements.

12. Grading of lens opacities was performed after pharmacologically dilating the pupils of 
all subjects with tropicamide 1% and phenylephrine 5%. Grading of lens opacities was done 
by comparing the lenticular opacities with a set of photos that represented the Lenticular 
Opacities Classification System (LOCS 2).27

13. Fundus examination which included detailed evaluation of the optic disc and macula 
was performed with a 90 Diopter lens (Volk Optical Inc, Mentor, Ohio, USA). A measuring 
eye piece graticule (Haag- Streit, Switzerland) was used to measure the vertical cup disc 
diameter.

14. Optic disc photography was taken with Zeiss FF 450 Plus fundus camera with VISUPAC 
digital image archiving system (Carl Zeiss Jena, Germany). The photographs were evaluated 
using the digital archiving system. 

15. Height, weight and blood pressure were measured in all subjects. A single recording of 
the seated blood pressure was taken.

16. Screening for diabetes was performed by measuring random blood sugar level from a 
blood sample (venous of fingerprick) taken from all subjects.

17. Peripheral blood A total of 2 ml peripheral blood was collected in 9 ml EDTA tubes 
from all subjects. Using this resource we aim to screen for identified disease causing genetic 
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variants, as well as identify potential novel disease associated genes. DNA will be extracted 
using standard techniques and following PCR, the disease associated coding regions of 
the Myocilin gene will be directly sequenced.28 With the aim of identifying novel putative 
associations with glaucomatous disease and associated endophenotypes, we envisage 
constructing equimolar DNA pools.29 Cases with identified disease causing Myocilin 
mutations will be excluded. Equimolar DNA and whole blood pooling has been heralded 
as a promising approach for reducing the cost of genome-wide association studies.30 In 
pooling-based genome-wide association, instead of genotyping every person in the cohort 
individually, the DNA samples of cases or controls are genotyped in carefully constructed 
pools. Pooling has been shown to be tenable using large scale microarrays. The most 
promising SNPs from this genome-wide association will then be genotyped at the individual 
level.

Data Management

Careful checking and editing of all datasets will be performed. The distribution of the study 
variables will be examined for possible errors. For categorical variables, all observations 
will be reviewed individually to ensure that the entry relates to the allowed categories. For 
numerical variables such as age and refraction, range checks will be performed to search for 
values falling outside the expected range. Cross-tabulations between variables will also be 
used to ensure data consistency.

Results

Baseline Demographic Characteristic

The demographic details of 4,800 subjects are presented in Table 3. The mean age of 
participants was 55.4 ±12.3 years (range: 40-99) and 51.8% were female. 64.8% of our 
cohort was aged less than 59 years and 60.5% were illiterate. Among the various ethnic 
races, 69.7% belonged to the Newar ethnic group. The ethnicities of the study sample 
population are presented in Table 4.
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Table 3. Baseline demographic profile of our study sample population

Age Group Female No. (%) Male No. (%) Total (%)

40-49 965 (20.1) 893 (18.6) 1858 (38.9)

50-59 649 (13.5) 596 (12.4) 1245 (25.9)

60-69 450 (9.4) 451 (9.4) 901 (18.8)

70-79 313 (6.5) 278 (5.8) 591 (12.3)

> 80 109 (2.3) 96 (2.0) 205 (4.3)

Total 2486 (51.8) 2314 (48.2) 4800 (100)

Table 4. Ethnicities of our study sample population

Ethnic Groups No. (%)

Newar 3349 69.7

Chhetri 727 15.1

Brahmin 294 6.2

Tamang 107 2.3

Others 323 6.7

Total 4800 100.0

Power Considerations for Genetic Analysis

Power calculations for genetic analysis were performed using QUANTO31 and PGA.32 For 
all calculations a co-dominant model with 2df was used and the marker allele was assumed 
to be in high linkage disequilibrium with the cause variant (r2=1). Adjusting for error 
inherent in a pooling-based design,30 our study has good power to detect loci with clinically 
significant genotypic relative risks (>2) for common diseases (Figure 2). Additionally given 
our population-based design, we will have greater power to detect quantitative trait loci of 
modest effect size (Figure 3).
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Figure 2. Ability to detect loci at a genome-wide significant threshold (α=5×10-8), for diseases of differing population 
prevalence and a power of 0.8.

Figure 3. Power of this study to detect a quantitative trait locus conferring 1.5 to 3.5% of the continuous trait’s variance 
at the genome-wide threshold (α=5×10-8). 
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Conclusion

This study is expected to reveal the prevalence of glaucoma and delineate it’s sub-types 
in this Nepalese population. Epidemiological fieldwork was completed by July 2007 and 
hospital-based clinical work is expected to conclude in December 2009. Power calculations 
suggest that we should have reasonable power to detect major disease-associated loci. The 
genetic analysis will contribute to the elucidation of the molecular basis of glaucoma in 
Nepalese people. This study will also yield updated epidemiological data on the prevalence 
of other causes of visual impairment in Nepal, such as cataract, which will ultimately 
improve the implementation of health care programs. 
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Abstract

Objective: To determine the prevalence and types of glaucoma in a Nepalese population.
Design: Cross sectional population based survey.
Participants: 4800 subjects aged 40 years or more from Bhaktapur district of Kathmandu 
valley. 
Methods: Subjects aged 40 years and above were selected using cluster sampling procedure 
and door to door enumeration for a population based cross sectional study. All subjects 
underwent a detailed ocular examination at the base hospital which included log MAR 
visual acuity, refraction, applanation tonometry, gonioscopy, cataract grading (LOCSΙΙ), 
retinal examination and SITA standard perimetry when indicated. 
Main outcome measures: Diagnosis of glaucoma was based on criteria described by the 
International Society for Geographic and Epidemiological Ophthalmology.
Results: 4003 subjects underwent a comprehensive eye examination (response rate 83.4%) 
and complete data was available in 3991 subjects. The mean IOP was 13.3 mmHg (97.5th 
and 99.5th percentiles, 18 and 20 mmHg, respectively) and mean VCDR 0.26 (97.5th and 
99.5th percentiles, 0.6 and 0.8 mmHg, respectively). There were 75 subjects with glaucoma, 
an age-sex standardized prevalence of 1.80 (95% confidence interval (CI), 1.68-1.92). Age 
-and sex- standardized prevalence of POAG was 1.24% (CI, 1.14 - 1.34), PACG 0.39 % (CI, 
0.34 - 0.45) and secondary glaucoma 0.15% (CI, 0.07-0.36). The prevalence of glaucoma 
increased with increase in age with no significant difference in gender. PACG was three 
times more common in females. There were 9 eyes that were blind and 2 subjects were 
bilaterally blind from glaucoma.
Conclusion: The overall prevalence of glaucoma was 1.9 %. POAG accounted for 68% 
of all glaucoma cases, PACG 22.67% and secondary glaucoma 9.33%. Among the POAG 
subjects, 96.08 % had not been previously diagnosed. 
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Introduction

Glaucoma is estimated to affect more than 60 million people worldwide and is second only 
to cataract as the most common cause of blindness.1 While specific medical and surgical 
therapies are available for the condition, they can only arrest or delay visual deterioration. 
Hence there is need to identify and treat affected patients at an early stage in the course of 
their disease in an effort to preserve visual function for as long as possible.
 Several population-based studies from Asia including neighboring countries India and 
China, have reported on the prevalence of glaucoma.2-9 These studies have reported the 
prevalence of glaucoma to range from 2% to 5% with primary open-angle glaucoma (POAG) 
as the most common form of glaucoma. Studies conducted in Mongolia10 and Burma11 have 
however reported a higher prevalence of Primary angle-closure glaucoma (PACG).
 The Bhaktapur Glaucoma Study (BGS) was designed to determine the prevalence of 
glaucoma in one of the largest districts of Nepal. This article reports the prevalence of 
glaucoma according to definitions suggested by the International Society for Geographic 
and Epidemiological Ophthalmology (ISGEO).

Methods

Study design

The rationale, methods and baseline demographics of BGS have been published in detail 
elsewhere.12 In brief, the survey involved the selection of 4800 subjects aged 40 years and 
above residing in Bhaktapur district.
 A two stage World Health Organization 30 cluster sampling procedure was adopted for 
patient selection.13 The sampling frame comprised of 161 wards and an estimated population 
of 48,223 people above the age of 40 years.14 In the first stage, 30 wards were selected and 
field workers conducted a census. In the second stage, a database was prepared and names 
of all eligible subjects were recorded. From this list, 4800 subjects were selected using EPI-
INFO software, version 3.5.1. Selected subjects were revisited by field workers and referred 
to Tilganga Institute of Ophthalmology (TIO) for a comprehensive eye examination. The 
study was approved by the Institutional Review Board of TIO and conducted in accordance 
with the Declaration of Helsinki. Informed written consent was obtained from all subjects.
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Clinical Examination

The details of the examination protocol have been described elsewhere.15 Two fellowship 
trained glaucoma specialists were involved in clinical evaluation. The distance and near 
visual acuities (VA) were measured using logarithm of minimum angle of resolution (log 
MAR) tumbling E charts placed at 4 meters. Slit-lamp biomicroscopy (Haag Streit BQ 
900) was performed to identify ocular abnormalities. Attention was drawn particularly 
towards abnormalities such as ischemic sequelae of previous acute angle closure, secondary 
glaucoma and signs of past glaucoma surgery. Peripheral anterior chamber depth was graded 
according to the van Herrick’s technique. Intraocular pressure (IOP) was measured with 
a Goldmann applanation tonometer (AT 900 Haag Streit International) and a median of 
three consecutive recordings were taken as the IOP for each eye. Gonioscopy was done 
on all subjects with a Zeiss 4 mirror lens in ambient light conditions using a shortened 
slit beam that did not fall upon the pupil. The angle was graded according to the Shafer 
system. Subjects with occludable angles (definition in next section) underwent indentation 
gonioscopy to establish whether peripheral anterior synechia were present.
 All subjects had their pupils dilated unless contraindicated because of risk of 
angle closure. The lens was examined and cataract graded according to Lens Opacities 
Classification System II. Fundus examination included evaluation of the optic disc and 
macula with a 90 Diopter lens (Volk Optical Inc, USA). A measuring eye piece graticule 
(Haag- Streit, Switzerland) was used to measure the vertical cup disc diameter (VCDR). 
Optic disc photographs were taken (Fundus camera Carl Zeiss, Germany) and evaluated.
 Frequency Doubling Perimetry (FDP) was performed on all subjects with a VA of Log 
MAR 0.6 or better, using the C-20-1 program (Zeiss Humphrey Systems, USA). Automated 
perimetry (SITA 24-2; Humphrey Field Analyzer; Carl Zeiss, Germany) was performed 
on glaucoma suspects and repeated if the test reliability was not satisfactory, (fixation loss 
>20%, false positive >33%, and / or false negative > 33%) or when there was a glaucomatous 
field defect.
 A provisional diagnosis of Glaucoma suspect was made when the subject had one or 
more of the following: IOP ≥ 21 mmHg in either eye; VCDR ≥ 0.7 in either eye or CDR 
asymmetry ≥ 0.2; and focal thinning, notching or splinter hemorrhage. 

Chapter 3



General Introduction

47

Diagnostic definitions

The distribution of VCDR from subjects with a normal result on suprathreshold field 
screening in both eyes of the non glaucomatous population was calculated. Optic discs 
were considered normal if the VCDR of one or both discs, or disc asymmetry was < 97.5th 
percentile of this distribution. A glaucomatous visual field defect was considered present, 
when a) a glaucoma hemifield test result was outside normal limits and b) a cluster of three 
or more non edge, contiguous points, not crossing the horizontal meridian, with a probability 
of < 5 % of age matched normal on the pattern deviation plot was noted. 
 Glaucoma cases were defined according to the ISGEO scheme (Table 1).16 Blindness 
was defined as VA of < 3/60 (20/400, 0.05) with best correction or a visual field < 10° from 
fixation in the better eye.17 In presence of open anterior chamber angles (angle where ≥ 
180° of the pigmented trabecular meshwork was visible), a patient was given a diagnosis of 
POAG, if one or both eyes had evidence of glaucoma (outlined in Table 1) unless there was 
other signs of retinal or optic nerve disease, pseudoexfoliation, trauma or pigment dispersion. 
If any of the latter was present, a diagnosis of secondary open-angle glaucoma was made. 
An occludable angle was diagnosed when the posterior trabecular meshwork was not seen 
for > 180° on non-indentation gonioscopy. PACG was defined as an eye with occludable 
angle, peripheral anterior synechiae and/or elevated IOP with evidence of glaucoma.

Table 1. ISGEO scheme for definition and classification of glaucomatous optic neuropathy

Glaucoma 
Category 1* (structural and functional evidence) Eyes with CDR or CDR asymmetry ≥ 97.5th percentile for the nor-
mal population combined with a visual field defect consistent with glaucoma.

Category 2* (advanced structural damage where reliable field testing is not possible) Eyes with CDR or CDR asym-
metry 
≥ 99.5th percentile for the normal population.

Category 3 (optic disc not seen because of media opacity) 
(A) The visual acuity < 3/60 and the IOP > 99.5th percentile, or
(B) The visual acuity < 3/60 and the eye shows evidence of glaucoma filtering surgery

(*In diagnosing category 1 or 2 glaucoma, it was required that there should be no alternative explanation for CDR 
findings (dysplastic disc or marked anisometropia) or the visual field defect (retinal vascular disease, macular degen-
eration, or cerebrovascular disease).
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Statistical analysis

Statistical analysis was done using STATA 9.0. Prevalence was standardised with the 
population distribution of 2001 census of Nepal using a direct method of adjustment. 
Logistic regression was applied to assess the association of age and sex with glaucoma.

Results

The distribution of IOP and VCDR from subjects with a normal result on suprathreshold 
field screening in both eyes of the non glaucomatous population is shown in Table 2. This 
includes the 97.5th and 99.5th percentile points used in allocating diagnoses. 

Table 2. Intraocular pressure and optic disc profiles

IOP Right IOP Left CDR Right CDR Left CDR asymmetry
left- right

Observations(n) 3641 3638 3602 3601 3588

Mean 13.32 13.29 0.26 0.27 0.0002

Median 13.00 13.00 0.20 0.20 0.000

SD 2.38 2.33 0.13 0.13 0.06

97.5th percentile 18.00 18.00 0.60 0.60 0.1

99.5th percentile 20.00 20.00 0.80 0.70 0.2

Out of 4800 enumerated subjects, 4003 were examined (response rate 83.39%). Data was 
incomplete for 12 subjects, leaving 3991 for analysis (83.15%). Mean age of the study 
population was 55.08 years (SD 11.50), and more females were examined (54.42 %). There 
were 75 subjects with glaucoma, of which 51(68%) had POAG and 17 (22.67%) PACG .7 
(9.33%) subjects had secondary glaucoma (4 neovascular, 1 traumatic, 1 pigmentary and 1 
aphakic).
 The age and sex adjusted standardized prevalence of glaucoma was 1.80 (95% 
confidence interval (CI), 1.68 - 1.92) as shown in table 3. Age and sex standardized 
prevalence of POAG and PACG was 1.24% (CI, 1.14 - 1.34) and 0.39 % (CI, 0.34 - 0.45) 
respectively. There was an increase in the prevalence of glaucoma with increase in age. 
Compared to the reference age group 40-49 years, an odds ratio (OR) of 29.5 (CI 10.53 - 
82.91, p < 0.001) was observed in age group ≥ 70 years. Similarly in age group 60- 69 years, 
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an OR of 9.60 (CI 3.25-28.04, p < 0.001) was noted. There was no significant difference 
in gender. No subjects in age group 40-59 years had PACG. PACG was three times more 
common in females (male: 0.18% vs. female: 0.60%). 

Table 3. Prevalence of glaucoma by age and sex

Age All persons Males Females

All glaucoma N n (%) N n (%) N n (%)

40-49 1484 4(0.27) 633 3(0.47) 851 1(0.12)

50-59 1094 10(0.91) 506 4(0.79) 588 6(0.10)

60-69 836 20(2.39) 419 11(2.63) 417 9(0.22)

70-79 480 31(6.46) 218 15(6.88) 262 16(6.11)

> =80 97 10(10.31) 43 3(6.98) 54 7(12.96)

p for trend <0.001 <0.001 <0.001

Crude 3991 75(1.88) 1819 36(1.98) 2172 39(1.80)

adjusted 1.80 (1.68-1.92) 1.78(1.62-1.96) 1.83(1.66-2.01)
Primary –open angle 
glaucoma
40-49 1484 3(0.20) 633 2(0.32) 851 1(0.12)

50-59 1094 9(0.82) 506 4(0.79) 588 5(0.85)

60-69 836 11(1.32) 419 7(1.67) 417 4(0.96)

70-79 480 21(4.38) 218 11(5.05) 262 10(3.82)

> =80 97 7(7.22) 43 2(4.65) 54 5(9.26)

P trend <0.001 <0.001 <0.001

crude 3991 51(1.28) 1819 26(1.43) 2172 25(1.15)

adjusted 1.24(1.14-1.34) 1.30(1.16-1.45) 1.18(1.05-1.33)
Primary –angle closure 
glaucoma
40-49 1484 0(0.00) 633 0(0.00) 851 0(0.00)

50-59 1094 0(0.00) 506 0(0.00) 588 0(0.00)

60-69 836 7(0.84) 419 2(0.48) 417 5(1.20)

70-79 480 8(1.67) 218 2(0.92) 262 6(2.29)

> =80 97 2(2.06) 43 0(0.00) 54 2(3.70)

P trend <0.001 P= 0.018 <0.001

Crude 3991 17(0.43) 1819 4(0.22) 2172 13(0.60)

adjusted 0.39(0.34-0.45) 0.18(0.13-0.24) 0.60(0.50-0.70)
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The age, sex, IOP, CCT and VCDR have been compared between normal and subjects with 
POAG and PACG in table 4. The mean age of subjects with POAG (68.53 ± 1.63) and 
PACG (71.24 ± 1.67) was significantly more than the normal population (54.60 ± 0.20). IOP 
was not significantly different in the POAG group when compared to the normal.

Table 4. Comparison of Age, Sex, IOP, CCT and VCDR 

Characteristics Normal POAG P value PACG P value

Age 54.60 ( ± 0.20) 68.53 ( ± 1.63) <0.001 71.24 ( ± 1.67) <0.001

Sex, M / F 1695 / 1994 26/25 0.483 4/13 <0.086

IOP 13.30 ( ± 0.04) 13.57 ( ± 0.34) 0.400 16.00 ( ± 1.11) <0.001

CCT 537.88 ( ± 0.60) 527.73 ( ± 4.58) 0.053 552.12 ( ± 45.65)  0.11

VCDR 0.26 ( ± 0.002) 0.62 ( ± 0.02) <0.001 0.55 ( ± 0.05) <0.001

59 (78.67%) of the glaucoma cases belonged to category 1 (Table 5) while 14 (18.67%) 
to category 2. There were only 2 (2.66%) cases in category 3. Nine eyes were blind from 
glaucoma; POAG, PACG and secondary glaucoma contributing in 3 eyes each. Two subjects 
were bilaterally blind, 1 each from PACG and POAG. Among POAG subjects, 96.08 % had 
not been previously diagnosed. 42 (85.71%) out of 49 undiagnosed POAG subjects had IOP 
≤ 97.5th percentile cut off (18.00 mm Hg). They were classified as having normal tension 
glaucoma (NTG).

Table 5. Demographics of the glaucoma cases

All 
(n)

Males
(n)

Females
(n)

M:F 
Ratio

Median 
Age

Diagnostic 
Category (%)

Previously 
diagnosed 
(%)

1 2 3
POAG 51 26 25 1.04 68.53 45(88.24) 5(9.80) 1(1.96) 2(3.92)
PACG 17 4 13 0.30 71.23 12(70.59) 5(29.41) 0(0.00) 5(29.41)
Secondary 
Glaucoma 7 6 1 6.0 64.00 2(28.57) 4(57.14) 1(14.29) 4(57.14)

Total 75 36 39 0.92 70.00 59(78.67%) 14(18.67) 2(2.66) 11(14.67)

Of the 275 glaucoma suspects (6.89%, CI: 6.12 – 7.72), occludable angle was seen in 121 
subjects (3.03%, CI: 2.52 – 3.61). Visual field tests were done successfully in 305 subjects, 
while 35 were unable to perform tests reliably and 10 refused to undergo testing.
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Discussion

The BGS is the first study in Nepal to report the prevalence of glaucoma based on the 
ISGEO criteria and is therefore comparable to other studies from the world that follows the 
same criteria.
 The median IOP of 13.0 mm Hg was similar to studies from the region8,10,18,19 but lower 
than reports from the Caucasian population.20-21 The median VCDR was 0.20 and 97.5th 
percentile 0.6.We recommend that a VCDR of > 0.6 should be viewed with suspicion for 
glaucoma in our population. The West Bengal Glaucoma Study8 has also reported 0.6 VCDR 
as the 97.5th percentile.
 The prevalence of glaucoma in south Asia is presented in Table 6. POAG (1.2%) 
and PACG (0.43%) in our study was similar to the Aravind Comprehensive Eye Study.2 
The prevalence of PACG was low but studies from West Bengal8 and Bangladesh18 have 
also reported a low prevalence. We believe this is not an underestimation of PACG in our 
population because gonioscopy was done by two glaucoma specialists and PACG diagnosed 
with a less stringent definition (non- visualization of the posterior pigmented trabecular 
meshwork for 180° or greater).

Table 6. Prevalence of glaucoma in population –based studies in South Asia 

Prevalence %

Study Population Age All POAG PACG Ratio of POAG
to PACG

Bangladesh, Dhaka 40 + 3.1 2.5 0.4 6.3

West Bengal, East India 50 + 3.3 3.1 0.2 10.00

*ACES, South India 40 + 2.6 1.2 0.5 2.4

†APEDS, South India 40 + - 2.6 1.1 2.4

§CGS, South India 40 + - 1.6 0.9 1.4

BGS 40 + 1.8 1.2 0.4 3.0

*ACES: Aravind Comprehensive Eye Survey, †APEDS: Andhra Pradesh Eye Disease Study, § CGS: Chennai Glaucoma 
Study 

There was an increase in the prevalence of glaucoma with increase in age implicating that 
with increase in longevity, glaucoma morbidity will become a public health problem in 
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Nepal. There were 95.4% of subjects with POAG that had not been previously diagnosed, 
which is similar to reports from India (>90%).2,3,6 The asymptomatic nature, lack of facilities 
and widespread use of inappropriate eye examination techniques could be held responsible. 
Among POAG subjects, 85.71% had IOP ≤ 97.5th percentile and were diagnosed as NTG. 
There could have been an overestimation of NTG as all our tonometry measurements were 
taken during office hours and peak diurnal IOP levels could have been missed. However, 
the Singapore Malay Eye Study22 and Tajmi Eye Study23 have also reported a very high 
prevalence. Since non IOP dependent mechanism could have a role in the pathogenesis of 
glaucoma, measuring IOP therefore may not be an affective way of screening glaucoma in 
this population.
 Blindness from PACG was higher than POAG reiterating findings from studies in 
Asia that most morbidity caused by glaucoma was from PACG. A shorter axial length has 
been reported in females with PACG than males in this population24 which could probably 
explain the reason PACG was more common among females.
 Bhaktapur district was selected for logistical reasons therefore our findings are not 
representative of Nepal. Considering the similarity in socioeconomic conditions and 
geographic terrain with the neighboring two districts, our findings could be representative 
of Kathmandu valley. The major strength of our study was the large sample size and high 
response rate (83.39%). We were unable to perform visual field testing on all subjects which 
could have lead to an underestimation of the prevalence of glaucoma.
 In summary, the prevalence of glaucoma in this Nepalese population was 1.88% 
with POAG as the most common form of glaucoma. Although the prevalence of PACG 
was low, the visual impairment was more than POAG. Glaucoma is an undiagnosed and 
blinding disease in Nepal which demands eye care programs to prioritise their effort towards 
promoting awareness and finding novel ways of screening for the disease.
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Abstract

Purpose: The purpose of the study was to evaluate the characteristics of central corneal 
thickness and its association with age, gender, and intraocular pressure in a Nepalese 
population.
Patients and Methods: The study design was a cross-sectional, population-based survey 
Two thousand three hundred and thirty subjects aged 40 years and older were examined at 
Tilganga Institute of Ophthalmology, a tertiary referral eye centre in Kathmandu, Nepal. 
All subjects underwent a complete ophthalmic examination that included measurements 
of central corneal thickness with an ultrasonic pachymeter and intraocular pressure with a 
Goldman type applanation tonometer.
Results: The main outcome measures were central corneal thickness and intraocular 
pressure. Mean age of the 2330 subjects examined was 51.3 (SD ± 9.56) years. The mean 
central corneal thickness and mean intraocular pressure was 539.10 µm (SD 33.73) and 
13.33 mmHg (SD ± 2.26) respectively. Central corneal thickness showed an average 
decrease of 2.67µm (95% CI, 2.21 - 4.1) per decade increase in age. A 100 µm increase 
in central corneal thickness was associated with a 1.03mmHg (CI 0.79 - 1.26) increase in 
intraocular pressure after adjusting for age and gender.
Conclusion: The changes in central corneal thickness values cause a significant variation 
in intraocular pressure in this population, suggesting that measurement of central corneal 
thickness will have implications in the diagnosis and management of glaucoma. 
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Introduction

The measurement of central corneal thickness (CCT) has emerged as an essential component 
in the diagnosis of glaucoma. CCT has an influence on the accuracy of intraocular pressure 
(IOP) measurements obtained using Goldman applanation tonometry. It has been well 
established from studies that the IOP is underestimated in thin and overestimated in thick 
corneas.1-5 A thin cornea is considered to be a risk factor for glaucoma by few studies.6,7 

Factors such as age,8-10 gender,8 environmental and genetic influences,11 and race12,13 
can affect CCT in the general population. Large population based studies have reported 
variations in CCT among different races.8, 9, 14 The African race tends to have thinner corneas 
when compared to the Caucasian race.14-16 Studies undertaken in Asia have reported thin 
corneas 9, 18-20 which includes two recent studies from our neighboring country India21, 22

 A high prevalence of glaucoma has been reported in Mongolia23 China24, Singapore25 

Myanmar26, India27-30 and Sri Lanka31 with variable patterns and prevalence within 
different ethnic groups.32 These figures strictly confer to the global burden of glaucoma 
as a disease of particular public health significance, especially in South Asia. Nepalese 
represent a Himalayan Asian population with major ethnic groups divided into those of 
Indo-Aryan heritage in the south and Tibeto-Mongolian origin in the north. There has been 
no comprehensive study in Nepal to estimate the prevalence of glaucoma. The Bhaktapur 
Glaucoma Study (BGS) was designed especially to estimate the prevalence of glaucoma in 
a large population of Nepal. This paper reports the characteristics of CCT and its association 
with age, gender, and IOP in a Nepalese population.

Materials and Methods

BGS is a population-based study designed to estimate the prevalence of glaucoma among 
adults aged 40 years and older residing in Bhaktapur district of Nepal. The details of the 
BGS have been published elsewhere.33 In brief, a sample size of 4758 was calculated after 
assuming a prevalence of 3 % for glaucoma, a relative precision of 25%, 85% compliance and 
a design effect of 2. A 3% prevalence of glaucoma was derived from studies undertaken in 
the region such as the Andhra Pradesh Eye Disease Study,27, 34, Vellore Eye Study,35 Chennai 
Glaucoma Study,36, 37 and West Bengal Glaucoma Study.38 The survey involved selection 
of 4800 subjects 40 years and above using World Health Organization 30 cluster sampling 
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procedure.39 In the first stage, a list of all wards or clusters from 16 Village Development 
Committees and 2 municipalities were obtained from the National Census data.40 These 
clusters were arranged in order of population size and 30 were sampled with probability 
proportionate to size. A house to house census was conducted to prepare an eligibility list. 
In the second stage, a database was prepared where names of all subjects aged 40 years 
and older residing in the sample area were recorded. From the database, a total of 4800 
subjects were selected using EPI-INFO software, version 3.5.1 (Centers for Disease Control 
and Prevention, Atlanta, GA).They were recruited and referred to Tilganga Institute of 
Ophthalmology (TIO) in Kathmandu for a detailed clinical examination including glaucoma 
diagnostic procedures.
 As part of a comprehensive eye examination, IOP and CCT measurements were 
obtained. Goldmann Applanation (AT 900 Haag Streit International) tonometry was done 
to measure IOP on all subjects which was followed by the measurement of CCT using an 
ultrasonic pachymetry Sonogage (Cleveland, OH 44128 USA). CCT was taken with subjects 
in the sitting position while fixing on a distant target. The average from five measurements 
was recorded. For the analysis, subjects with corneal disease, glaucoma, ocular trauma, or 
any history of ocular surgery in either eye were excluded.
 This study was approved by the Institutional Review Board and Ethics Committee 
of TIO and conducted in accordance with declaration of Helsinki. Informed consent was 
obtained from all subjects after being explained in detail about all the procedures to be 
undertaken. The informed consent was written in the vernacular. The consent form was read 
out for those unable to read. Upon agreement by the subject, they were asked to sign the 
consent form. For those unable to sign, thumb impressions were taken.

Statistical Analysis

CCT and IOP were compared between the right and left eyes, females and males, using 
Student t test with a confidence level of 95% and P ≤ 0.05. CCT and IOP were compared 
across different age groups using one way ANOVA with a Bonferroni correction. Linear 
regression analysis was carried out to assess the effect of age on CCT. Linear regression was 
also performed to evaluate the effect of CCT on IOP after adjusting for age and gender. All 
statistical analysis was done using statistical software STATA 9.0 and SPSS version 13.0.
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Results 

A total of 4003 (83.4%) subjects out of the 4800 enumerated underwent eye examination. 
Table 1represents the demographic profile of subjects that were enumerated. 

Table 1. Baseline demographic profile of the study sample population

Age Group Number of Males (%) Number of Females (%) Total (%)

40-49 893 (18.6) 965 (20.1) 1858 (38.9)

50-59 596 (12.4) 649 (13.5) 1245 (25.9)

60-69 451 (9.4) 450 (9.4) 901 (18.8)

70-79 278 (5.8) 313 (6.5) 591 (12.3)

> 80 96 (2.0) 109 (2.3) 205 (4.3)

Total 2314 (48.2) 2486 (51.8) 4800 (100)

A total of 2330 subjects who did not have glaucoma, corneal pathology and intraocular 
surgery were analyzed for this study. CCT and IOP were measured in both eyes of all 
subjects. Because there was no statistically significant difference in mean CCT and IOP 
between the right and left eyes, right eye was arbitrarily used for the purpose of analysis. 
IOP data were available for all the subjects on whom CCT was measured.

The CCT values for the population are presented in Table 2. The mean CCT was 539.10 
µm (SD ± 33.73). For male and female, the mean CCT was 540.54µm (SD ± 34.60) and 
537.84mm (SD ± 32.91) respectively. CCT was not significantly different between genders 
(p = 0.06). A considerable difference in CCT values across different age groups for both 
genders (male: p = 0.017 and female: p = 0.002) was noted. The age related decrease of CCT 
is illustrated graphically in figure 1. Multiple comparisons in males showed a significant 
difference only between age groups 40 – 49 vs. ≥ 70 years (p = 0.03) and 50 – 59 vs. ≥ 70 
years (p = 0.043). Whereas in females, the CCT was significantly different between age 
groups 40 – 49 vs. 60 - 69 years (p = 0.001) and 50 – 59 vs. 60 – 69 years (p = 0.02). Linear 
regression analysis suggests that CCT measurements decreases by 2.67µm, (95% CI 2.21- 
4.13) per decade changes in age (Figure 1). The adjusted R2 value for this regression was 
found to be 0.04.
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Table 2. Gender and age specific central corneal thickness (right eyes)

Age groups
(yrs)

Males Females Entire study

Num Mean ± standard 
deviation Num Mean ± standard 

deviation Num Mean ± standard 
deviation

40 – 49 489 542.30 ± 33.32 660 540.06 ± 32.27 1149 541.01 ± 32.72

50 – 59 337 541.88 ± 33.41 344 538.20 ± 33.62 681 540.02 ± 33.54

60 - 69 200 537.53 ± 34.49 165 529.17 ± 33.05 365 533.72 ± 34.05

≥ 70 64 529.03 ± 47.14 71 535.79 ± 32.29 135 532.64 ± 39.89
All age
groups 1090 540.54 ± 34.60 1240 537.84 ± 32.91 2330 539.10 ± 33.73

Figure 1. Age-specific mean central corneal thickness (CCT in µm)

The age and gender specific mean IOP among subjects is presented in table 3. The mean IOP 
in males was 13.36 mmHg (SD ± 2.27) and in females was 13.32 mmHg (SD ± 2.25). This 
value was not significantly different across genders (p = 0.74). However, a considerable 
difference in IOP was noted across different age groups in males (p < 0.001) but not in 
females (p = 0.17). Multiple comparisons in males shows a notable difference between age 
groups 40 - 49 years vs. 60 - 69 years (p = 0.002) and 40 - 49 years vs. ≥ 70 years (p = 0.01). 
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Table 3. Gender and age specific intraocular pressure (right eyes)

Age groups
(yrs)

Males Females Entire study

Num Mean ± standard 
deviation Num Mean ± standard 

deviation Num Mean ± standard 
deviation

40 – 49 489 13.65 ± 2.30 660 13.38 ± 2.07 1149 13.49 ± 2.18

50 – 59 337 13.28 ± 2.12 344 13.40 ± 2.47 681 13.34 ± 2.30

60 - 69 200 12.97 ± 2.22 165 13.15 ± 2.41 365 13.05 ± 2.31

≥ 70 64 12.70 ± 2.67 71 12.84 ± 2.36 135 12.78 ± 2.50
All age 
groups 1090 13.36 ± 2.27 1240 13.32 ± 2.25 2330 13.34 ± 2.26

Figure 2 depicts a linear association between IOP and CCT. Linear regression of IOP on 
CCT (adjusted for age and gender) suggests that for a population mean figure, a change in 
CCT by 100µm would alter the measured IOP by 1.03 mmHg (95% CI, 0.79 - 1.26).

Figure 2. Scatter plot of IOP and CCT with linear regression line.

Diagnostics of the fitted linear regression are also presented in figures 3 and 4 to assess the 
aptness of the model. The residuals are evenly distributed on either side of zero indicating 
constant error variance as shown in figure 2. The P-P plot of regression standardized residuals 
(figure 3) is along the straight line passing through the origin indicating that assumption of 
normality is not violated. Hence, the fitted regression is reasonably satisfactory.
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Figure 3. Scatter plot for regression standardized residuals and standardized predicted value

Figure 4. Normal P-P plot of regression standardized residuals

Discussion

To the best of our knowledge this is the first study conducted in Nepal to measure the association 
of CCT with age, gender, and IOP in a large population. This study reports the distribution of 
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CCT among individuals from Bhaktapur district of Nepal. Our findings suggest that males and 
females have similar CCT which correlate negatively with increasing age and positively with 
IOP. There was no significant difference between the right and the left eye. 

Racial variations and different instrumentation can result in differences in CCT. In our study, 
ultrasonic pachymetry was used and the mean CCT was 539.10 µm (SD ± 33.73). In table 
4, CCT from different population based studies conducted in Asia has been presented. The 
Nepalese have thicker corneas when compared to most of these populations and our finding 
was almost similar to the Singapore Malay Eye Study (541.2 µm). 41

Table 4. CCT from different Asian population based studies

Country Number of 
participants Age group Instrument used Mean ± SD (µm)

Singapore41 3239 ≥ 40 years Ultrasound Pachymetry 541.2 

Nepal (BGS)* 2330 ≥ 40 years Ultrasound Pachymetry 539.10 ± 33.73

Burma20 1909 ≥ 40 years Ultrasound Pachymetry 521.9 ±33.3

Japan19 7313 ≥ 40 years Specular Microscopy 517.5 ± 29.8 

South India21 6754 ≥ 40 years Ultrasound Pachymetry 511.4 ± 33.5

Mongolia9 1242 10- 87 years Optical Pachymetry 495 ± 32

*BGS (Bhaktapur Glaucoma Study), current study

A negative association of CCT with increasing age was evident in our study which was 
similar to reports from other population based studies.7, 14, 15, 17-22 A decline in the density 
of keratocytes and a breakdown of corneal collagen fibers with age has been found to be 
responsible for this association. 17 It has also been reported that the cornea was likely to be 
affected due to longer exposure in the environment and become thinner with age.11 Studies 
have reported differences in CCT among genders.8,10,17,19 In our study there was no gender 
difference which is similar to reports from other studies.9,12,15,18,20 

The dependency of applanation tonometry on the CCT has been confirmed from studies 
undertaken previously14,19,12 where a positive association between CCT and IOP was 
documented. Similarly in our study there was an increase in IOP by 1.03 mmHg per 100-µm 
increase in CCT.
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In conclusion, the normal mean CCT in this Nepalese population was 539.10 µm (SD ± 
33.73) with no difference in gender. Nepalese had thicker corneas in comparison to most 
other Asian population. A positive association between IOP with CCT was documented 
which reinforces the fact that CCT can influence recordings of IOP while using applanation 
tonometry, thus suggesting that CCT should be measured in subjects with glaucoma in this 
population.
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Abstract

Purpose: To compare the anterior chamber depth (ACD) and axial length of eyes in a 
population based sample between normal, occludable angle and primary angle closure 
glaucoma (PACG) groups.
Method: Totally, 3979 subjects from a population based glaucoma prevalence study 
underwent complete ocular examination including four mirror gonioscopy. An angle in 
which >270 degrees of the posterior trabecular meshwork could not be seen was considered 
occludable. PACG was considered when there were features of Primary angle closure (eye 
with an occludable angle, peripheral anterior synechiae, elevated intraocular pressure, iris 
whorling, lens opacities, or excessive pigment deposition on the trabecular surface) and 
optic disc with glaucomatous damage. A hand held ultrasonic biometer was used to measure 
the ACD and the axial length of subjects The ACD and axial length were measured on all 
subjects with occludable angles (n = 86), PACG (n = 17) and a random subgroup of normal 
subjects (n=685). The measurements were compared between the groups and statistically 
analysed using independent t-test, one way one way analysis if variance, Chi square test and 
logistic regression.
Results: The mean age among occludable angle and angle closure glaucoma groups was 
59.64 ± 9.70 and 71.23 ± 8.5 years respectively which was significantly higher (p<0.001) than 
the mean of 54.03± 10.90 years among normal subjects. In the occludable angle group, the 
ACD (2.55 ± 0.69) was significantly different (p<0.001) than the normal group (2.85 ± 0.39). 
The axial length (22.08 ± 0.83) in the occludable angle group was also considerably different 
(p<0.001) when compared to the normal group (22.62 ± 0.90). In PACG group, the ACD and 
axial length was 2.48 ± 0.22 and 22.02 ± 0.59 respectively. The risk of having an occludable 
angle decreased with per unit millimeter increase in ACD (OR 0.24, 95% CI 0.12 - 0.50) and 
axial length (OR 0.49, 95% CI 0.36 - 0.67) after adjusting the effect of age and sex.
Conclusion
The eyes in Nepalese population with occludable angle and angle closure glaucoma seem 
to have significantly shallower anterior chamber and shorter axial length when compared to 
the normal group.
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Introduction

Glaucoma is the second leading cause of blindness worldwide after cataract. It has been 
estimated that there will be 60.5 million people with glaucoma in 2010. Primary angle - 
closure glaucoma (PACG) will be responsible for approximately half the global burden of 
blindness due to glaucoma with most of those blinded by PACG in Asia.1, 2

 The variations in the prevalence of primary glaucoma in different races are well 
known.3 In the Caucasian races, 75-95% of the primary glaucoma is open angle glaucoma 
while amongst the Eskimos and East Asians PACG constitutes 80-90% of the primary 
glaucoma4. Population based studies from India have suggested that PACG is at least as 
common as primary open angle glaucoma.5, 6

 The association between shallow anterior chamber and PACG has been well 
described.7-10 R. F. Lowe in 1970 studied the biometric findings between normal eyes and 
eyes with PACG and concluded that the characteristic finding of shallow anterior chamber 
of PACG was caused by in-coordination of structure between the lens and the eye ball. 
A thick and anteriorly sited lens could cause ciliary body rotation leading to swallowing 
of the anterior chamber angle.9 Constitutional lens factor could also exist in the general 
population and was of polygenic inheritance. The relationship of lens thickness in angle 
closure glaucoma was also documented by Clemmesen.10 Lowe and Alsbirk have reported 
that PACG was uncommon in eyes with central ACD of 2.5 mm or greater.11-13 It has been 
suggested earlier that the measurement of ACD could be applied for screening of angle 
closure glaucoma.14, 15

 A clinic based study in Nepal has reported that the axial length was shorter in eyes of 
patients with PACG than normal subjects.16 Several other studies conducted in clinics have 
also suggested that eyes with occludable angle and angle closure glaucoma have a shorter 
axial length, shallower anterior chamber and a thicker lens.17, 18 A recent population based 
study in south India had similar findings in the occludable angle group.19 The rationale for 
undertaking this study was to report the differences in anterior chamber depth (ACD) and 
axial length between normal, occludable angle and PACG groups in a large population of 
Nepal. The results of this study may have a potential for screening of PACG in the Nepalese 
population.
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Methods

The Bhaktapur Glaucoma Study was designed as a population based cross-sectional study. A 
sample size of 4758 was calculated after assuming a glaucoma prevalence of 3%, a relative 
precision of 25%, 85% compliance and a design effect of 2. Bhaktapur is located in the 
mid-mountainous region of Nepal and is approximately 15 kilometers away from the capital 
city Kathmandu. The district is divided into 2 municipalities and 16 Village Development 
Committees (VDC). The municipalities (urban) and the VDCs (rural) and are further divided 
into wards. A ward is the smallest administrative unit and each ward generally contains 
approximately 200 households. According to the 2001 Census, the population of Bhaktapur 
was 225,461 with a population density of 1,895 per square kilometer.20 The sampling frame 
comprised of a total of 161 wards with an estimated total population of 48,223 people 
above the age of 40 years residing in this area. The survey involved the selection of 4800 
subjects aged 40 years and above from this sampling frame, using a WHO 30 cluster 
sampling procedure.21 In the first stage of sampling, a list of all the wards or clusters from 
2 municipalities and 16 VDCs in the district was obtained from the 2001 Nepal national 
census data. These clusters were arranged in order of population size and 30 were sampled 
with probability proportionate to the size (PPS). Thereafter, field workers conducted a house 
to house census in the selected 30 clusters to prepare an eligibility list. A household was 
eligible to participate in the survey if it had at least one member above 40 years of age. In 
the selected 30 clusters a total of 11,232 eligible subjects were identified by the fieldworkers 
during the census. For the second stage sampling, a database was prepared where the names 
of all the eligible subjects were recorded. After the completion of the list, 4800 subjects were 
selected from the database using EPI-INFO software, version 3.5.1.22 The selected subjects 
were then visited by the field staff and referred to the Nepal Glaucoma Eye Clinic, Tilganga 
Institute of Ophthalmology for a comprehensive eye examination.
 The distance and near visual acuities were measured using logarithm of minimum angle 
of resolution (log MAR) tumbling E charts placed at 4 meters. External eye examination 
and the pupillary reaction were assessed with a hand held flashlight and then the anterior 
segment was examined with a slit-lamp biomicroscopy (Haag Streit BQ 900). The peripheral 
ACD was graded according to the van Herrick’s technique.23 The intraocular pressure was 
measured with a Goldmann applanation tonometer24 and gonioscopy was attempted on all 
subjects. Gonioscopy was done with a Zeiss 4 mirror gonio-lens in ambient light conditions 
with a shortened slit beam that did not fall upon the pupil. All subjects had their pupils 
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dilated unless contraindicated because of risk of angle closure. After dilatation, the lens was 
examined and the cataract graded using the Lens Opacities Classification System (LOCS) 
II.25 Stereoscopic fundus examination was done at the slit lamp using a 90-diopter lens. The 
clinical examination was carried out by two glaucoma specialists.
 Subjects with occludable angles, PACG and every fifth subject from the normal group 
with the first subject being randomly selected underwent measurement of the ACD and 
axial length. The normal group consisted of subjects with a normal ocular examination, 
an intraocular pressure of less than 22 mm Hg, open angle on gonioscopy and no history 
of intraocular surgery. The exclusion criteria from the normal group were subjects that 
had previously undergone intraocular surgery and those who had other ocular pathology. 
The ocular surface was first anesthetized with Proparacaine 0.5% (Cipla Ltd. Mumbai, 
India). With subjects in sitting position a hand held ultrasonic biometer (Ocuscan, Alcon 
Laboratories Inc, Fort Worth, TX, USA) with a probe frequency of 10 MHz, gain range of 
40-80 dB was used by trained ophthalmic assistants to record the measurements.
 Automated visual field tests were done using the Humphrey visual field analyzer 
(Model 750, Humphrey Instruments, San Leandro, CA, USA) applying the threshold central 
SITA Standard 24–2 program in all subjects with glaucoma and those with any suspicion of 
glaucoma.

Criteria for classification of glaucoma

We applied criteria for diagnosing glaucoma previously described by the International 
Society for Geographic and Epidemiological Ophthalmology (ISGEO), using ‘‘three levels 
of evidence’’.26

(a) a vertical cup disc ratio (VCDR) of 0.7 or greater or asymmetry between the right and 
left VCDRs of 0.2 or more, and a visual field defect consistent with glaucoma 
(b) a VCDR of 0.9 or greater in either eye or asymmetry between the right and left VCDRs 
of 0.3 or more, and a reliable field test result could not be obtained;
(c) an IOP greater than 26 mmHg and visual acuity worse than 3/60, or evidence of previous 
glaucoma filtering surgery, when the optic disc could not be examined because of media 
opacity.

The VCDR and IOP criteria described above were based on the 97.5th and 99.5th percentiles 
for ‘‘hypernormals’’ in surveys described by Foster et al.26
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 Primary angle closure was also defined according to the suggestions by the ISGEO.26 
An angle in which >270° of the posterior trabecular meshwork could not be seen on 
gonisoscopy was considered occludable. Primary angle closure glaucoma (PACG) was 
considered when there were features of Primary angle closure (eye with an occludable angle, 
peripheral anterior synechiae, elevated intraocular pressure, iris whorling, lens opacities, or 
excessive pigment deposition on the trabecular surface) and optic disc with glaucomatous 
damage. 

Statistical Analysis

One eye was randomly selected for analysis when both eyes of a subject were eligible.
Continuous variables were summarized by calculating mean and standard deviations. Ratios 
were presented for categorical variables. Continuous variables were compared between 
three groups by using one way ANOVA followed by pair wise multiple comparisons through 
Bonferroni test. Independent t-test was applied to compare continuous variables between 
two groups. Categorical variables were compared by using Chi-square test. Univariate 
and multivariable logistic regression analysis was carried out. All statistical analyses were 
carried out by using STATA software 9.0.

Results

Demographic details of the study groups are presented in table 1. There were 86 (2.16%) 
subjects with occludable angles and 17 subjects (0.43%) with angle closure glaucoma out of 
a total of 3979 examined subjects. 

Table 1. Demographic summary of normal, occludable angle and PACG groups

Normal 
(n = 685)

Occludable angles 
(n = 86)

Angle Closure Glaucoma 
(n = 17)

Overall
p-value

Age 54.03 (10.90) 59.64 (9.70)* 71.23 (6.90)* < 0.001

Sex (Male: Female) 315 : 370 20 : 66* 5:12 < 0.001

*p < 0.001

PACG: primary –angle closure glaucoma
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In the occludable angle group, the ACD (2.55 ± 0.69) was significantly different (p<0.001) 
than the normal group (2.85 ± 0.39). The axial length (2 2.08 ± 0.83) in the occludable 
angle group was also considerably different (p<0.001) when compared to the normal group 
(22.62 ± 0.90). In PACG group, the ACD and axial length was 2.48 ± 0.22 and 22.02 ± 0.59 
respectively.
 
There was a significant difference (p < 0.001) in age between the three groups. The mean 
age of subjects in the normal, occludable angle and PACG groups was 54.03 (SD 10.90), 
59.64 (SD 9.70) and 71.23 (SD 6.90) years respectively. The proportion of females in the 
occludable angle group (20 males: 66 females) was higher than in the normal group (315 
males: 370 females) which was statistically significant (p < 0.001). Although there were 
more females with PACG (5 males: 12 females), it was not significant when compared with 
the normal group. Table 2 presents the normal group where the ACD and axial length of the 
female sex was significantly less than that of the male sex. 

Table 2. Comparison of ACD and axial length between male and female in the normal group

Male(n = 315) Female (n = 370 )

Mean ± SD Mean ± SD p-value 95% C.I. difference in means

Axial length(mm) 22.70 ± 0.90 22.55 ± 0.90 0.027 0.02 to 0.290

ACD (mm) 2.88 ± 0.40 2.81 ± 0.39 0.020 0.01 to 0.13

ACD: anterior chamber depth

As the number of subjects in PACG group was very small and the demography was 
significantly different among the three groups, we compared the axial length and ACD 
between the normal and occludable angle group. The effect of age and sex was adjusted using 
logistic regression model. The results of univariate and multivariable logistic regression are 
presented in table 3. The risk of having occludable angle is higher (OR: 4.92, 95% CI 2.50 - 
9.70) in the 60-69 age group when compared to 40 -49 age group. The females were found to 
be at a higher risk (OR: 2.81, 95% CI 1.67- 4.74) when compared with males. After applying 
multivariable logistic regression analysis adjusting for age and sex, we found that the risk of 
having an occludable angle decreases with per unit millimeter increase in ACD (OR 0.24, 
95% CI 0.12 - 0.50) and axial length (OR 0.49, 95% CI 0.36 - 0.67). 
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Table 3. Effect of ACD and axial length on the occludable angle group

Variable Normal (%) Occludable angle 
(%) Univariate Multivariable

OR(95% CI) p-value OR(95% CI) p-value
Age (years)
40 – 49
50 – 59
60 – 69
≥ 70 

262(38.25)
212(30.95)
131(19.12)
80(11.68)

13(15.12)
26(30.23)
32(37.21)
15(17.44)

1.00
2.47 (1.24 4.93)
4.92 (2.50 9.70)
3.78 (1.72 8.27)

0.010
< 0.001
0.001

1.00
2.04 (0.99 4.21)
5.07 (2.45 10.50)
4.11 (1.75 9.62)

0.054
< 0.001
0.001

Sex
Male
Female

315(46.00)
370(54.00)

20(23.26)
66(76.74)

1.00
2.81(1.67 4.74) < 0.001

1.00
2.63 (1.50 4.60) 0.001

* A C D 
(mm) 685(88.85) 86(11.15) 0.13 (0.07 0.25) < 0.001 0.24 (0.12 0.50) < 0.001

* A x i a l 
l e n g t h 
(mm)

685(88.85) 86(11.15) 0.46 (0.34 0.62)  < 0.001 0.49 (0.36 0.67) < 0.001

ACD: anterior chamber depth; mm: millimeter, *The odds of having an occludable angle decreases with per unit 
millimeter increase in ACD and axial length as shown by odds ratio (OR). 

When the ACD and axial length between normal and occludable angle closure groups were 
compared across different age groups, it was found that the average ACD and axial length 
was considerably less in the in the occludable angle group up to 60-69 years (Table 4). 
Similar finding was seen in the female sex.

Table 4. Comparison of axial length and ACD between normal and occludable angle closure groups across different age 
groups and sex.

Axial length ACD

variable
Normal
( n = 685)
Mean ± SD

Occludable
(n = 86)
Mean ± SD

p-value
Normal
 (n = 685)
Mean ± SD

Occludable (n 
= 86)
Mean ± SD

p-value

Age(yrs.)
40 – 49
50 – 59
60 – 69
70 – 79

22.58 ± 0.85
22.49 ± 0.90
22.72 ± 0.95
22.94 ± 0.93

21.69 ± 0.61
22.09 ± 0.67 
22.11 ± 0.99
 22.33 ± 0.82

< 0.001
0.030
0.001
0.021

2.95 ± 0.37 
2.79 ± 0.37
2.77 ± 0.39
2.78 ± 0.47

2.46 ± 0.31
2.50 ± 0.59
2.57 ± 0.81
2.66 ± 0.82

< 0.001
< 0.001
0.041
0.416

Sex
Male 
Female

22.70 ± 0.90
22.55 ± 0.90

22.16 ± 0.86
22.06 ± 0.82

0.009
< 0.001

2.88 ± 0.40
2.81 ± 0.39

2.72 ± 0.83
2.49 ± 0.64

0.107
< 0.001

ACD: anterior chamber depth
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Among subjects 40 years and above the axial length has been compared between different 
populations.14,19 The mean axial length of our normal population was significantly shorter 
than reported for south Indian population, Chinese, white Americans, and African-American 
populations as shown in table 5.

Table 5. Comparison of Nepalese ocular biometric measures with that of different populations

 Nepalese 
(n = 685)

South Indian
(n = 419)

Chinese
(n = 531)

White Americans
(n = 170)

African-Americans
(n = 188)

Sex (M : F) 315 : 370 210: 209 236 : 295 82 : 88 55 : 133
Axial length (mm), 
mean (SD) 22.62 (0.90) 22.76(0.78) 23.32(1.38) 23.35(1.38) 23.14(0.87)

95% CI difference 
in means - 0.24 to - 0.03 - 0.83 to - 0.57 - 0.90 to - 0.56 - 0.66 to - 0.37

p- value 0.008 < 0.001 < 0.001 < 0.001

Discussion

To the best of our knowledge this is the first study in Nepal to compare the differences in 
ACD and axial length in a population survey. The striking finding of our study was that the 
eyes of the normal Nepalese population were significantly shorter than that of south Indian, 
Chinese, White, or African-American populations.14 Our study also confirmed to findings 
from several other studies where eyes with occludable angles and PACG had shallower 
ACD and shorter axial length than the normal population.
 Subjects in the occludable angle and PACG groups were older than those in the 
normal group. There was a significant difference in age between the occludable (mean 
59.64 years) and the PACG (mean 71.23 years) groups. This finding could suggest that 
angle closure glaucoma can occur at a later age in our population and could be related 
to the thickening of the lens with an increase in age. It has been postulated that with 
increasing age, the lens thickens and can result in a narrow configuration in eyes with 
shorter axial lengths.27 In a clinic based study conducted in Nepal, it was reported that the 
age of onset of PACG was earlier in males (mean 47.6 years), which was not consistent 
with our study. The small number of cases in their study group could have lead to this 
finding.
 It has already been well documented that females are more susceptible to angle closure 
glaucoma than males.28 There were more females in the occludable angle and PACG groups 
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in our study. The predominance of the female sex in the occludable angle group could 
suggest that they were more likely to develop angle closure glaucoma. The ACD and the 
axial length were also shorter in females than males in the normal population which could 
also suggest that females were more susceptible to develop angle closure.
 Subjects with PACG had shallower ACD and shorter axial length than the normal and 
occludable groups. This was similar to the findings from studies conducted in India on the 
progression of primary angle closure suspects to PACG.29 As suggested, there are other 
factors such as corneal curvature, differences and configuration of the anterior chamber that 
could also lead to the development of angle closure glaucoma.
 A major limitation of our study was the unavailability of data on lens measurements. 
Thus we are unable to comment on the role the lens could have contributed in our study 
groups. The large number of subjects in the normal and occludable angle groups was a major 
strength of our study.

Conclusion

In a Nepalese population, subjects with occludable angles and PACG are associated with 
shallower ACD and shorter axial length when compared to normal subjects. There was no 
difference between the occludable angle and the PACG but larger data will be necessary to 
comment further on the PACG group.
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Abstract

Background: Cataract and glaucoma are the major causes of blindness in Nepal. Bhaktapur 
is one of the three districts of Kathmandu valley which represents a metropolitan city with 
a predominantly agrarian rural periphery. This study was undertaken to determine the 
prevalence of visual impairment, cataract surgery and awareness of cataract and glaucoma 
among subjects residing in this district of Nepal.
Methods: Subjects aged 40 years and above was selected using a cluster sampling methodology 
and a door to door enumeration was conducted for a population based cross sectional study. 
During the community field work, 11499 subjects underwent a structured interview regarding 
awareness (heard of) and knowledge (understanding of the disease) of cataract and glaucoma. 
At the base hospital 4003 out of 4800 (83.39%) subjects underwent a detailed ocular 
examination including log MAR visual acuity, refraction, applanation tonometry, cataract 
grading (LOCSΙΙ), retinal examination and SITA standard perimetry when indicated.
Results: The age -sex adjusted prevalence of blindness (best corrected <3/60) and low 
vision (best corrected <6/18 ≥3/60) was 0.43% (95%C.I. 0.25- 0.68) and 3.97% (95% 
C.I. 3.40 - 4.60) respectively. Cataract (53.3%) was the principal cause of blindness. The 
leading causes of low vision were cataract (60.8%) followed by refractive error (12%). The 
cataract surgical coverage was 90.36% and was higher in the younger age group, females 
and illiterate subjects. Pseudophakia was seen in 94%. Awareness of cataract (6.7%) and 
glaucoma (2.4%) was very low. Among subjects who were aware, 70.4% had knowledge 
of cataract and 45.5% of glaucoma. Cataract was commonly known to be a ‘pearl like dot’ 
white opacity in the eye while glaucoma was known to cause blindness. Awareness remained 
unchanged in different age groups for cataract while for glaucoma there was an increase in 
awareness with age. Women were significantly less aware (odds ratio (OR): 0.63; 95%, 
confidence interval (CI): 0.54 - 0.74) for cataract and (OR: 0.64; 95% CI: 0.50 - 0.81) for 
glaucoma. Literacy was also correlated with awareness.
Conclusions: The low prevalence of visual impairment and the high cataract surgical 
coverage suggests that cataract intervention programs have been successful in Bhaktapur. 
Awareness and knowledge of cataract and glaucoma was very poor among this population. 
Eye care programs needs to be directed towards preventing visual impairment from refractive 
errors, screening for incurable chronic eye diseases and promoting health education in order 
to raise awareness on cataract and glaucoma among this population.
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Background

Cataract is the major cause of blindness worldwide. It is estimated that 41.8% of all global 
blindness is caused by cataract.1 Glaucoma is the second leading cause of visual loss in the 
world. Quigley estimates that there will be 60.5 million people with glaucoma in 2010 and 
Asians are expected to represent 47% of those with glaucoma.2 World Health Organization has 
estimated the prevalence of blindness amongst people over fifty years in South East Asia as 
3.4%.3 Nepal Blindness Survey conducted in 1981 reported the overall prevalence of blindness 
in Nepal as 0.84% and in subjects more than 45 years of age as 3.8%.4 After this survey few 
population based studies have been undertaken in Nepal.5-7

 Implementing health care programs in a given community and promoting awareness 
of common eye diseases can bring forth people to have an eye examination. This could 
result in the early diagnosis, treatment and reduction of visual impairment and blindness 
from eye diseases. Studies undertaken in the region have revealed a poor awareness of eye 
diseases among the general population.8-10 It has also been reported that approximately 50 
% of patients with glaucoma were unaware of their condition at the time of diagnosis11 and 
present in the advanced stage of the disease.12,13

 The aim of this paper is to describe the prevalence and causes of visual impairment, to 
calculate the cataract surgical coverage and to determine the awareness and knowledge of 
cataract and glaucoma among the population aged 40 years and above. This is the first study to 
determine the reduction of visual impairment in one of the districts within Kathmandu valley. It 
is also the first study to determine the awareness of cataract and glaucoma in a Nepali population.

Methods

The study was designed as a population based cross-sectional study. A sample size of 4758 
was calculated after assuming a 3 % prevalence of blindness, a relative precision of 25%, 
compliance of 85% and a design effect of 2. An assumption of 3 % was based on previous 
studies conducted in Nepal. According to the 2001 Census, the population of Bhaktapur 
was 225,461 with a population density of 1,895 per square kilometer.14 The sampling frame 
comprised of 161 wards, with an estimated total population of 48,223 people above the age 
of 40 years residing in this area. The survey involved selection of 4800 subjects, 40 years 
and above, using WHO 30 cluster sampling procedure.15
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 At the first stage, a list of all wards or clusters from 16 Village Development Committees 
(VDC) and 2 municipalities were obtained from National Census data.14 Thirty clusters 
were randomly selected and subjects sampled with probability proportionate to size. While 
undertaking the census, community field workers interviewed 11,499 subjects enlisted 
during the field work. Six community field workers were trained in the interview procedures 
by the principal investigator and conducted a structured-interview regarding awareness for 
cataract and glaucoma. The questionnaire was first designed in English and translated into 
Nepali, the national language of Nepal. Subjects were asked if they had heard of cataract and 
glaucoma. Those who responded with a ‘yes’ were termed as being ‘aware’ and were further 
encouraged to explain what they knew about those conditions. Subjects with responses 
which matched the list of answers in the questionnaire were regarded to have ‘knowledge’ 
of the eye disease. Demographic details as well as all responses were documented. A pilot 
study was conducted on volunteers and minor modifications were made later in order to 
finalize the interview questionnaire.
 At the second stage, a database was prepared where names of eligible subjects were 
recorded. 4800 subjects were selected using EPI-INFO software, version 3.5.1 (Centers for 
Disease Control and Prevention, Atlanta, GA). The selected subjects were then revisited by 
the community field staff and referred to Tilganga Institute of Ophthalmology (TIO) for a 
comprehensive eye examination.
 The distance and near visual acuity (VA) both presenting and best corrected after 
refraction were measured using logarithm of minimum angle of resolution (log MAR) 
tumbling E charts (Precision Vision, USA) placed at 4 meters. Objective refraction was 
done using a streak retinoscope (Beta 200 Heine, Germany) followed by a subjective 
refraction. The log MAR chart was moved to 1 meter if the subject was unable to read the 
top line, and acuity was tested again. If VA could not be measured then counting fingers 
at 1 meter, hand movements and light perception were sequentially checked. A detailed 
ocular examination with slit-lamp biomicroscope (Haag Streit BQ 900) was carried out. 
This included measurement of intraocular pressure with Goldmann applanation tonometer 
and gonioscopy with 4 mirror Zeiss gonioscope. The angle was graded according to the 
Shafer system.16 Lens was examined after pupilary dilatation (unless contra-indicated) and 
cataract graded using Lens Opacities Classification System (LOCS) II. Stereoscopic fundus 
examination was done using 90-diopter lens and indirect ophthalmoscopy using 20-diopter 
lens. Automated visual field test using the SITA Standard 24–2 program (Model 750, 
Humphrey Instruments, San Leandro, CA, USA) was performed for all the subjects who 
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were glaucoma subjects and with diseases such as glaucoma, optic atrophy, and retinitis 
pigmentosa.
 Visual impairment (VI), blindness and low vision were defined as per International 
Classification of Diseases 10th edition (ICD-10).17 The International Classification of 
Diseases 10th edition (ICD-10) defines visual impairment as VA of less than 6/18 (20/60, 
0.3) in the better eye with the best correction.17 Visual impairment has been categorized to 
blindness and low vision. A VA of less than 3/60 (20/400, 0.05) with best correction or a 
visual field less than 10° from fixation in the better eye has been considered blindness. Low 
vision has been defined as a best corrected VA of less than 6/18 (20/60, 0.3), but not less than 
3/60 (20/400, 0.05) in the better eye. Presenting VA has also been used to describe visual 
impairment within the study sample.
 Diagnosis was recorded using International Classification of Diseases-ninth revision 
(ICD-9). If more than one disease was present, the disease most likely to have a significant 
effect on vision was considered as the cause for blindness.
 Cataract blindness burden was defined as a sum of those people already operated for 
cataract in both eyes and the unoperated cataract blind. It was not possible to obtain the 
preoperative vision of an already operated eye and assumption was made that both eyes 
were blind preoperatively if both eyes were operated for cataract, or if one eye was operated 
and the other eye was blind at the time of our examination. Cataract surgical coverage was 
calculated as number of bilaterally blind cataract cases operated divided by the number who 
could have been operated. The denominator includes the already operated bilateral blind 
(the numerator) plus the unoperated bilaterally blind with cataract being the principal cause 
of blindness in at least one eye.
 Literacy was determined by asking subjects whether they could read and write. Those 
who could were considered to be literate. This study was approved by the Institutional 
Review Board and Ethics Committee of TIO and conducted in accordance with declaration 
of Helsinki. Informed consent was obtained from all subjects after being explained in 
detail about all the procedures to be undertaken. The informed consent was written in the 
vernacular. The consent form was read out for those unable to read. Upon agreement by 
the subject, they were asked to sign the consent form. For those unable to sign, thumb 
impressions were taken.
 Descriptive statistical measures were presented to summarize data. Univariate and 
multivariable logistic regression analysis were applied. Odds ratio (OR) were computed. 
Statistical analysis was carried out using STATA software version 9.0.
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Results

Participants

Out of 4800 enumerated subjects, 4003 were examined (response rate of 83.39%). Data was 
incomplete for 24 subjects, leaving 3979 subjects for analysis (82.90%). Mean age of study 
population was 55.10 years (SD 11.50), more females were examined (54.49 %) and 2119 
subjects (53.25%) were illiterate. More illiterate subjects refused to participate in the study. 
The demographics of examined subjects are presented in Table 1. 

Table 1. Demographic comparison of enumerated and examined subjec

Enumerated Examined

Age group No. % No. % p

40-49 1849 38.7 1481 37.22

50-59 1245 25.9 1089 27.37

60-69 951 18.8 835 20.99

70-79 591 12.3 477 11.99

>80 205 4.3 97 2.44 < 0.001

Sex

Male 2314 48.2 1811 45.51

Female 2486 51.8 2168 54.49 0.012

Education

Literate 2131 44.4 1860 46.75

Illiterate 2688 55.6 2119 53.25 0.018

Total 4800 100.0 3979 100.00

Prevalence and causes of visual impairment

Overall prevalence of VI at presentation was 18.57% (95% C.I. 17.37 – 19.82) and after best 
correction 4.4% (95% CI: 3.78 – 5.82). VA measurements are presented in Table 2. There 
were 710 (17.83%) subjects with low vision at presentation. Vision improved to better than 
6/18 in 552 (77.75%) in subjects after refraction, remaining 158 (3.97%) had low vision 
after correction. Prevalence of blindness at presentation was 0.73 % and after correction 
0.43%. 17 were blind even after best correction and there were 10 males (58.82%), 7 females 
(41.18%) with a mean age of 71.29 (SD 11.21) years. Out of 17, 9 (52.94%) were literate.

Chapter 6



General Introduction

87

Table 2. Presenting visual acuity and best corrected visual acuity (better eye)

  Presenting visual acuity (better eye)  Best corrected visual acuity (better eye)

≥ 6/18 < 6/18 - ≥ 3/60 < 3/60 p ≥ 6/18 < 6/18 - ≥ 3/60 < 3/60
Sex
Male
Female

1502 (82.94%)
1738 (80.17%)

295 (16.29%)
415 (19.14%)

14 (0.77%)
15 (0.69%) 0.063

 
1737 (95.91%)
2067 (95.34%)

64 (3.53%)
94 (4.34%)

10 (0.55%)
7 (0.32%) 0.241

Age
(Years)
40-49
50-59
60-69
70-79
≥ 80

1381 (93.25%)
949 (87.14%)
619 (74.13%)
257 (53.88%)
34 (35.05%)

97 (6.55%)
139 (12.76%)
207 (24.79%)
207 (43.40%)
60 (61.86%)

3 (0.20%)
1 (0.09%)
9 (1.08%)
13 (2.73%)
3 (3.09%) <0.001

1471 (99.32%)
1075 (98.71%)
792 (94.85%)
400 (83.86%)
66 (68.04%)

9 (0.61%)
13 (1.19%)
39 (4.67%)
68 (14.26%)
29 (29.90%)

1 (0.07%)
1 (0.09%)
4 (0.488%)
9 (1.89%)
2 (2.06%) <0.001

Educa-
tion
Literate
Illiterate

1516 (81.51%)
1724 (81.36%)

328 (17.63%)
382 (18.03%)

16 (0.86%)
13 (0.61%) 0.063 1781 (95.75%)

2023 (95.47%)
70 (3.76%)
88 (4.15%)

9 (0.48%)
8 (0.38%) 0.723

Prevalence of blindness (presenting visual acuity, better eye): 0.73 % (95% C.I. 0.49 - 1.04)
Prevalence of low vision (presenting visual acuity, better eye): 17. 83% (95% C.I. 16.65 - 19.05)
Prevalence of blindness (best corrected visual acuity, better eye): 0.43% (95%C.I. 0.25 - 0.68)
Prevalence of low vision (best corrected visual acuity, better eye): 3.97% (95% C.I. 3.38 - 4.62)

Causes of VI are presented in Table 3. Cataract was the leading cause of blindness in all four 
groups. Leading causes of low vision were cataract (60.8%) and refractive error (12%). In 
subjects with bilateral blindness cataract was responsible in 16 (47.1%) eyes while corneal 
scars and retinal disorders accounted for 5 (14.7%) eyes each. 15 subjects were blind from 
the same cause in both eyes, cataract was responsible in 8 (53.3%) subjects while corneal 
scar and retinal disorders were accountable in 2 (13.3%) subjects each.

Table 3. Causes of visual impairment (best corrected, better eye)

Cause Low vision Unilateral blindness Bilateral blindness

Cataract 96 (60.8%) 53 (37.1%) 16 (47.1%)

Retinal disorder 18 (11.4%) 21 (14.7%)  5 (14.7%)

Corneal scar  4 (2.5%) 18 (12.6%)  5 (14.7%)

Refractive error 19 (12.0%) 10 (7.0%)  3 (8.8%)

Phthisis bulbi  0 (0.0%) 14 (9.8%)  2 (5.9%)

Trauma  0 (0.0%) 11 (7.7%)  1 (2.9%)

Glaucoma  4 (2.5%)  5 (3.5%)  2 (5.9%)

Surgical complication  5 (3.1%)  4 (2.8%)  0 (0%)

Amblyopia  1 (0.6%)  3 (2.1%)  0 (0%)
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Optic atrophy  1 (0.6%)  3 (2.1%)  0 (0%)

Undetermined  2 (1.3%)  1 (0,7)  0 (0%)

PCO  6 (3.8%)  0 (0%)  0 (0%)

Aphakia  2 (1.3%)  0 (0%)  0 (0%)

Total 158 (100%) 143 (100%) 34 (100%)

PCO Posterior Capsule Opacification

Since the number of blind people was very few (17 out of 3979) we combined two groups 
(low vision and blindness) together for analysis. The results for VI are presented in Table 4. 
VI had a positive association with increasing age (p<0.001) in each age group. Odds ratio 
(OR) increased from 2.06 (1.57 - 2.69) for 50 - 59 years age group to 25.94 (16.30 - 41.30) 
for subjects aged ≥80 years. The odds of VI at presentation was significantly higher in 
females (OR: 1.30, 95% C.I.: 1.09 - 1.55) but after best correction there was no difference. 
Literacy had no direct association with VI.

Table 4. Effect of age, sex and literacy on visual impairment after best correction

Variable Normal (%)
Visual 
impairment φ 
(%)

Univariate Multivariable
OR (95% CI) P value OR (95% CI) P value

Age(years)
40 - 49
50 - 59
60 - 69
70 - 79
≥ 80

1471 (38.67)
1075 (28.26)
792 (20.82)
400 (10.52)
66 (1.74)

10 (5.71)
14 (8.00)
43 (24.57)
77 (44.00)
31 (17.71)

1.00
1.91 (0.85-4.33)
7.99 (3.99-15.98)
28.32 (14.52-55.23)
69.09 (32.50-146.89)

-
0.118
< 0.001
< 0.001
< 0.001

1.00
1.93 (0.85 - 4.36)
8.08 (4.04 - 16.18)
28.56 (14.64 - 55.73)
69.32 (32.59-147.45)

-
0.114
< 0.001
< 0.001
< 0.001

Sex
Male
Female

1737 (45.66)
2067 (54.34)

74 (42.29)
101 (57.71)

1.00
1.15 (0.84 - 1.56)

-
0.381

1.00
1.20 (0.87 - 1.66) 0.260

Education
Literate
Illiterate

1781 (46.82)
2023 (53.18)

79 (45.14)
96 (54.86)

1.00
1.07 (0.79 - 1.45)

-
0.664

1.00
1.07 (0.77 - 1.47)

-
0.683

φ Low vision + blind

Cataract blindness and surgery

Among 17 blind, 8 (47.06%) were blind as a result of cataract in both eyes. The prevalence 
of bilateral cataract blindness was 0.2% (95% CI. 0.09 – 0.39). Among 143 unilaterally 
blind, cataract was responsible in 53 (37.5%) subjects representing a prevalence of 1.3 % 
(95%CI. 1.00 – 1.74). Together 61/160 (38.1%) subjects, 1.5% (95% CI. 1.17 – 1.96) of the 
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unilateral and bilateral blind with cataract as the principle cause of blindness in at least one 
eye could potentially have been helped by cataract surgery.
 A total of 151 subjects underwent cataract surgery (Table 5). Pseudophakia was 
present in 142 (94.0%), males 58 (40.9%) and females 84 (59.1%), while aphakia in 9 
(6%). 70 (49.3%) subjects had pseudophakia in one eye, 70 (49.3%) had in both eyes and 
2 (1.41%) subjects had aphakia in one eye and pseudophakia in the other. The distribution 
of 47 individuals who were never operated with cataract blindness (we excluded 14 out of 
the 53 unilateral blind who had been operated in the fellow eye, none for the bilateral blind 
group) is presented in table 5. Cataract blindness and surgery was only associated with 
advancing age. The cataract surgical coverage of the study population was 90.36%. Surgical 
coverage was higher in the younger age group, females and among those who were illiterate. 

Table 5. Cataract blindness (VA<3/60) and cataract surgery prevalence by age, sex and literacy.

Cataract operated

Age No 
examined

Never operated 
cataract blind All operated Presumed 

blind
Cataract
blindness burden

% Surgical 
coverage

No Prevalence No Prevalence No Prevalence No Prevalence No

40-49 1481 0 0.00 3 0.20 2 0.13 2 0.13 100

50-59 1089 4 0.37 19 1.74 i 14 1.28 18 1.65 a 100

60-69 835 11 1.32 37 4.43 ii 19 2.27 30 3.59 b 94.4

70-79 477 21 4.40 66 13.84 iii 41 8.59 62 13.00 c 85.3

>80 97 11 11.34 26 26.80 iv 19 19.59 30 30.92 d 87.5

Sex

Male 1811 23 1.27 63 3.48 35 1.93 58 3.20 85.3

Female 2168 24 1.10 88 4.06 60 2.77 84 3.87 93.9

Education

Literate 1860 20 1.07 75 4.03 45 2.42 65 3.49 85.71

Illiterate 2119 27 1.27 76 3.59 50 2.36 77 3.63 95.12

All 3979 47 1.18 151 3.79 95 2.39 142 3.57 90.36

i Adjusted odds ratio with 95% C.I. versus age 40 – 49: 8.79 (2.59 - 29.78)
ii Adjusted odds ratio with 95% C.I. versus age 40 – 49: 23.22 (7.14 - 75.58)
iii Adjusted odds ratio with 95% C.I. versus age 40 – 49: 79.47 (24.85 - 254.09)
iv Adjusted odds ratio with 95% C.I. versus age 40 – 49: 182.67 (53.97 - 618.17)
a Adjusted odds ratio with 95% C.I. versus age 40 – 49: 12.54 (2.90 - 54.18)
b Adjusted odds ratio with 95% C.I. versus age 40 – 49: 28.02 (6.68 - 117.58)
c Adjusted odds ratio with 95% C.I. versus age 40 – 49: 111.61 (27.18 - 458.27)
d Adjusted odds ratio with 95% C.I. versus age 40 – 49: 333.54 (78.04 - 1425.51)
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Awareness of cataract and glaucoma

Out of a total of 11,499 subjects that were interviewed complete data was available for 10,303 
subjects. In this group 52.32% were males, 61.48% were illiterate and 69.65 % belonged to 
the Newar caste. 55.8% of the total subjects had never undergone an eye examination.
 A total of 682 (6.7%) of the subjects were aware of cataract while 244 (2.43%) of 
glaucoma. Multivariate logistic regression analyses (Table 6) indicated that awareness of 
cataract did not increase considerably with the increase in age group while for glaucoma 
the awareness increased significantly except for subjects in the highest age group. For both 
cataract and glaucoma, awareness was higher among males, literates and in the Brahmin and 
Chhetri caste groups.

Table 6. Association of awareness of cataract and glaucoma with age, sex, literacy and caste (N= 10303)

Variable Total
Number

Num aware of 
Cataract (%)

OR for being 
aware of Cataract
(95% C.I.)

Num aware of 
Glaucoma (%)

OR for being 
aware of Glaucoma
(95% C.I.)

Age (yrs.)a

40 – 49
50 – 59
60 – 69
≥ 70
Total

4032
2707
1931
1633
10303

328 (8.1)
181(6.7)
106 (5.5)
67 (4.1)
682 (6.6)

1.00
1.02 (0.84 - 1.25)
1.02 (0.80 - 1.30)
0.97 (0.73 - 1.30)
-

118 (2.9)
81 (3.0)
53 (2.7)
16 (1.0)
268 (2.6)

1.00
1.38 (1.02 - 1.85)
1.65 (1.16 - 2.35)
0.78 (0.45 - 1.35)

Sexb

Male
Female

4912
5391

398 (8.1)
284 (5.3)

1.00
0.63(0.54 - 0.74)

157 (3.2)
111 (2.1)

1.00
0.64 (0.50 - 0.81)

Literacyc

Literate
Illiterate

3968
6335

499 (12.6)
183 (2.9)

1.00
0.23(0.18 - 0.28)

215(5.4)
53(0.8)

1.00
0.15 (0.10 - 0.21)

Casted

Brahmin/
Chhetri
Newar
Others

2396
7177
730

383 (16.0)
230 (3.2)
69 (9.4)

1.00
0.22 (0.18 - 0.26)
0.71 (0.54 - 0.94)

161(6.7)
87(1.2)
20(2.7)

1.00
0.23 (0.18 - 0.30)
0.55 (0.34 - 0.89)

a,b,c,d, p < 0.001 for cataract and glaucoma each, χ2 test in univariate analysis

Responses to questions on cataract and glaucoma are presented in Table 7 and the 
questionnaire in Table 8. 
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Table 7. Responses among those aware of cataract and glaucoma

What is Cataract/ 
Glaucoma?

Number (%) Source of 
information

Number (%)

Cataract Glaucoma Cataract Glaucoma

Blurred visiona 48 (7.0) 18 (6.7) Family member 86 (12.6) 29 (10.8)

Blindnessb 6 (0.9) 71 (26.5) Hospital 91 (13.3) 37 (13.8)

Pearl like opacityc 423 (62.0) 3 (1.1) Doctor 69 (10.1) 26 (9.7)

Rainbow haloesd 3 (0.4) 22 (8.2) Friends 107 (15.7) 32 (11.9)

Raised eye pressuree 0 (0.0) 8 (2.9) Media 271 (39.7) 108 (40.3)

Unmatched answers 202 (29.6) 146 (54.5) Others 58 (8.5) 36 (13.4)

Total 682 (100) 268 (100) Total 682 (100) 268 (100)

a, b, c, d , e considered as knowledge

Of the 682 subjects who were aware of cataract 480 (70.38%) also had knowledge of the 
condition. 423 (62.0%) subjects had knowledge that cataract was as an appearance of a 
‘pearl like dot’ white opacity in the eye. Of the 268 subjects who were aware of glaucoma, 
122 (45.5%) subjects had knowledge of the condition. 71 (26.49%) subjects had known that 
glaucoma could cause blindness. Media was the most frequent source of information for 
both cataract (39.7%) and glaucoma (40.3%). 

Discussion

Our data has been presented using WHO criteria for VI in order to compare results with 
other studies. Data has also been presented based on presenting VA to address the ‘real’ 
magnitude of VI in this population.
 The overall prevalence of VI was low in Bhaktapur. It was associated with advancing 
age, female sex prior to best correction and was not associated with literacy. After best 
correction there was no difference between the sexes. The prevalence of blindness and low 
vision in Bhaktapur district is lower than reports from studies undertaken in Nepal.
 The prevalence of blindness at presentation was 0.73 % which is lower than NBS 
(3.4%), 1995 Lumbini survey (3%) and 2002 Gandaki zone study (1.4 %). This is also lower 
than studies conducted in neighboring countries and the estimate of 3.4% for the South East 
Asian region.18-22 However there are several studies in Asia that have also reported a low 
prevalence of blindness.23-27 After best correction the prevalence of blindness was 0.43%.
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 Cataract remains the principle cause of blindness. The prevalence of cataract blindness 
was 1.5 % which is almost similar to the Gandaki zone study (1.9%) where the outcome 
of the study were from the area best served by the local eye hospital. The major cause of 
bilateral blindness (53.3%) was cataract which was comparable to other studies in Nepal. 
Together, cataract (60.8%) and refractive error (12.0%) contributed 72.8% of the total 
burden of low vision which was curable. There were more women with low vision due to 
uncorrected refractive error. The 1981 NBS and the 1995 Lumbini survey have also reported 
that females were more likely to have VI. This finding in our population could suggest that 
women were not seeking eye care for reasons such as unequal access, social stigma related 
to wearing spectacles and others. In the future, rehabilitation programs will need to targeted 
for women among this population.
 A cataract surgical coverage (CSC) of 90.36% was highest in comparison to all the 
other studies of Nepal. Since 1994, TIO has held numerous cataract screening programs in 
Kathmandu valley particularly focusing on Bhaktapur. These services could have lead to the 
high CSC. In comparison to populations from other districts of Nepal, people of Bhaktapur 
have a better access to eye care as there are two community eye centers that are affiliated 
to tertiary eye hospitals in Kathmandu. A higher CSC among the younger age groups is 
consistent with reports from other studies in Nepal. This is not unusual considering that 
younger population is more active and likely to seek earlier treatment. CSC being higher in 
females was different from previous studies undertaken in Nepal and elsewhere.28-29 We are 
unable to explain why there were more females that had undergone surgery.
 Among subjects that had undergone cataract surgery, 94% had pseudophakia. This was 
very high compared to 16.4 % seen in Lumbini district.30 The Fred Hollows Intraocular Lens 
Laboratory at TIO has been manufacturing intraocular lenses since 1994. The availability 
and affordability of intraocular lenses could also have lead to a high prevalence in Bhaktapur.
 Awareness and knowledge of cataract and glaucoma was very poor. We are alarmed 
and unable to explain the reason for such a low awareness on cataract despite there being 
several cataract screening programs held in the past several years in Bhaktapur. Subjects 
mostly understood cataract as a ‘pearl like dot’ white appearance in the eye while glaucoma 
was known to cause blindness. Very few had knowledge of glaucoma as a disease of eye 
pressure. Previous studies on cataract surgery undertaken in Nepal31 and south India32 have 
reported that males, literates and those affluent were more likely to be aware of cataract 
surgery. Similarly in our study males, literates and the affluent Brahmin and Chettri33 classes 
were more aware of both conditions.
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 It need not be stressed that patient education programs will have to be incorporated 
in cataract intervention programs to raise awareness and encourage the people to come 
forth for an eye examination. Majority of the subjects (55.8%) had never undergone an eye 
examination.
 It is well known that patient education programs have been successful in decreasing the 
morbidity of diseases34,35 and have also helped improve compliance in glaucoma patients.36 
A novel approach to screening and patient education has been adopted by TIO to promote 
awareness, screening and follow up of patients.37

 Bhaktapur is one of the three districts of Kathmandu valley which represents a 
metropolitan city with a predominantly agrarian rural periphery. It is situated approximately 
15 kilometers from Kathmandu the capital city of Nepal. We selected this district because it 
does not have an eye hospital to serve its population. From findings of this study, it is possible 
that the other two districts within Kathmandu valley which share similar socioeconomic 
conditions and geographic terrain could also have a low prevalence of VI. With the 
availability of eye services in these districts the prevalence of VI could in fact be much 
lower. However, further population based studies are required to confirm this statement.
 The required sample size of 4758 subjects couldn’t be fulfilled because we were not 
able to convince all subjects to undergo an eye examination at the hospital, besides seventy 
five subjects had also died during the time of the survey. The major strength of our study 
was the large number of subjects interviewed during the field work and the comprehensive 
eye examination at the base hospital that resulted in accurate diagnosis.

Conclusions

The low prevalence of visual impairment and the high cataract surgical coverage suggests 
that cataract intervention programs have been successful in Bhaktapur. Awareness and 
knowledge of cataract and glaucoma was very poor in this population. Eye care programs 
needs to be directed towards preventing visual impairment from refractive errors, screening 
for incurable chronic eye diseases and promoting health education to raise awareness of 
cataract and glaucoma in this population.
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Abstract

Background: To evaluate the visual outcome after cataract surgery in a population of Nepal.
Design: Population based cross sectional study.
Participants: 40 years and above residing in Bhaktapur district.
Methods: Subjects were selected from 30 clusters using cluster sampling procedure. All 
underwent a detailed examination at the base hospital, including logarithm of minimal 
angle of resolution visual acuity, refraction, applanation tonometry, cataract grading, retinal 
examination and perimetry when indicated.
Main outcome measures: Visual acuity after cataract surgery.
Results: Out of 4003 subjects examined, 151 had undergone cataract surgery. Pseudophakia 
was present in 142 (94.0%), aphakia in 9(6%). Presenting and best corrected visual 
acuity ≥ 6/18 was achieved in 123(54.4%) and 164(72.4%) eyes respectively. Among 
the pseudophakic eyes, at presentation 122 (57.5%), 72 (33.9%), 18(8.5%) and after best 
correction 162(76.2%), 33 (15.8%), 17(8.0%) had visual acuity of ≥ 6/18, < 6/18 - ≥ 6/60 and 
<6/60 respectively. Retinal disease (35.5%), surgical complications (27.4%) and posterior 
capsular opacification (14.5%) were the principle causes of visual impairment after best 
correction in all eyes. There was no significant association in visual outcome based on age, 
sex, literacy and the duration of surgery.
Conclusion: Correction of refractive errors, preoperative screening of coincidental diseases, 
reduction in surgical complication rates and monitoring of postoperative follow up care 
has to be addressed seriously in order to improve the outcome of cataract surgery to meet 
standards proposed by the WHO. In the future, longitudinal studies need to be undertaken to 
provide specific information on the outcomes of cataract surgery in this community.
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Introduction

Cataract blindness is the leading cause of blindness in developing countries. The Nepal 
Blindness Survey (NBS) of 1981 estimated that 0.84% were blind from cataract.1 Based 
on data from this nationwide survey, the Nepal Blindness Prevention and Control Project 
worked to implement eye care services in Nepal. Several eye hospitals and community 
eye centers were established throughout the country with the help of governmental and 
non governmental organizations. Eye camps were designed to provide eye care to people 
residing in very remote areas. Population based studies that were conducted in different 
parts of the country after the NBS of 1981 have estimated cataract blindness to range from 
1-6 % among people forty years and above.2-5 In these studies severe bilateral blindness 
was defined as visual acuity of less than 3/60 in both eyes. The conclusion derived was that 
the prevalence of blindness had decreased slightly from that estimated in the 1981 national 
survey, both overall and cataract related.
 The prevalence of blindness and cataract surgery in Bhaktapur district has been 
reported in a companion paper.6 The prevalence of blindness in Bhaktapur was 0.73 % 
at presentation and 0.43% after best correction which was lower than studies conducted 
in Nepal,2-5 neighboring countries7-10 and the estimate of 3.4% for the South East Asian 
region.11 The prevalence of cataract blindness was lowest (1.5 %) with the highest cataract 
surgical coverage (90.36%) in comparison to all the other studies of Nepal.
 Visual outcomes of cataract surgery have been reported by several population based 
studies conducted in South Asia.12-18 In Nepal there are only two studies that have reported 
the visual outcomes of cataract surgery in a large population.19,20 In both studies the visual 
outcome did not meet the standards proposed by the World Health Organization (WHO). 
A few studies in Nepal have also reported the outcome of cataract surgery under different 
settings.21-23

 Bhaktapur district does not have an eye hospital and the delivery of eye care service is 
through primary eye care centers affiliated to tertiary level eye hospitals in the capital city 
Kathmandu. The main purpose of this paper is to report the visual outcomes after cataract 
surgery and to investigate factors responsible for poor outcomes among subjects residing in 
Bhaktapur district of Nepal.

Outcomes of Cataract Surgery
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Methods

Bhaktapur district is one of the three districts within Kathmandu valley and is situated 
approximately 15 kilometers away from the capital city Kathmandu. It is located within the 
mid-mountainous region of Nepal. Bhaktapur is divided into 2 municipalities and 16 village 
development committees (VDC). While the municipalities are urban areas, the VDCs are 
rural regions. The municipalities and the VDCs are further divided into wards. A ward is 
the smallest administrative unit and each generally contains approximately 200 households. 
According to the 2001 Census, the population of Bhaktapur was 225,461 with a population 
density of 1,895 per square kilometer.24

 The present study is part of the Bhaktapur Glaucoma Study, the methodology of which 
has been published earlier.25 In brief, the survey involved the selection of 4800 subjects 
aged 40 years and above, using a World Health Organization (WHO) 30 cluster sampling 
procedure.26 In the first stage of sampling, a list of all the wards or clusters (n=161) from 16 
VDCs and 2 municipalities was obtained from the 2001 Nepal national census data. These 
clusters were arranged in order of population size and 30 of these clusters were sampled 
with probability proportionate to the size. Thereafter, field workers conducted a house to 
house census in the selected 30 clusters and a total of 11,232 eligible subjects were identified 
and an eligibility list prepared. For the second stage sampling, the names of all the eligible 
subjects (n=11,232) were recorded and a database prepared from which 4800 subjects were 
selected using EPI-INFO software, version 3.5.1. The selected subjects were then revisited 
by the field workers and referred to the base hospital in Kathmandu for a comprehensive eye 
examination.
 The visual acuity (VA) was measured using logarithm of minimum angle of resolution 
tumbling E charts placed at 4 meters. External eye examination and the pupillary reaction 
were assessed with a hand held flashlight and then the anterior segment was examined 
with a slit-lamp biomicroscopy (Haag Streit BQ 900, Switzerland). The peripheral anterior 
chamber depth was graded according to the van Herrick’s technique.27 The intraocular 
pressure (IOP) was measured and gonioscopy performed on all subjects. IOP was measured 
using a Goldmann applanation tonometer while gonioscopy was done with a Zeiss 4 mirror 
lens. Gonioscopy was carried out in ambient light conditions with a shortened slit beam 
that did not fall upon the pupil. All subjects had their pupils dilated unless contraindicated 
because of risk of angle closure. After dilatation, the lens was examined and the cataract 
graded using the Lens Opacities Classification System II.28 Stereoscopic fundus examination 
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was done at the slit lamp using a 90-diopter lens. The clinical examination was carried out 
by two glaucoma specialists.
 This study was approved by the Institutional Review Board and Ethics Committee and 
conducted in accordance with declaration of Helsinki. Informed consent was obtained from 
all subjects after being explained in detail about all the procedures to be undertaken. The 
informed consent was written in the vernacular. The consent form was read out for those 
unable to read. Upon agreement by the subject, they were asked to sign the consent form. 
For those unable to sign, thumb impressions were taken.

Data and statistical analysis

The visual outcomes were categorized as ‘good’ (6/18 or better; logMAR, ≤0.30), ‘borderline’ 
(worse than 6/18 to 6/60; logMAR, >0.30–1.00) and ‘poor’ (worse than 6/60; logMAR, 
>1.00) for a given eye. Best-corrected VA was defined as the vision achieved by an eye (or 
subject) wearing the objective refractive result in the trial frame.
 Descriptive statistical measures such as mean, standard deviation, ratios and 
proportions were computed. Multivariable logistic regression analysis was carried out to 
see the association of different risk factors with VA. All statistical analysis was carried out 
by using statistical software STATA 9.0.

Results

The demography of subjects that had undergone cataract surgery is presented in table 1. 

Table 1. Demographics of cataract surgery group

Age Number Gender
Male: Female

Literate
Male: Female

Illiterate
Male: Female

Pseudophakia
Male: Female

Aphakia
Male: 
Female

40-49 3(2.0) 2:1 1:0 1:1 2:0 0:1

50-59 19(12.6) 7:12 4:6 3:6 6:12 1:0

60-69 37(24.5) 18:19 9:8 9:11 16:18 2:1

70-79 66(43.7) 27:39 16:20 11:19 25:38 2:1

≥80 26(17.2) 9:17 1:10 8:7 9:16 0:1

Total 151(100.0) 63:88 31:44 32:44 58:84 5:4
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Out of 4003 subjects examined a total of 151 subjects underwent cataract surgery. 
Pseudophakia was present in 142 (94.0%) subjects while aphakia in 9 (6%). 70 (49.3%) 
subjects had pseudophakia in one eye, 70 (49.3%) had in both eyes and 2(1.4%) subjects had 
aphakia in one eye and pseudophakia in the other. The mean age (SD) of subjects was 70.3 
(10.2) years. Altogether 89 (58.9%) subjects had undergone surgery 5 years or more before 
the survey was undertaken. 

In table 2, the visual outcome of the cataract operated subjects based on presenting VA is 
shown. 43% of subjects with bilateral pseudophakia had VA > 6/18 at presentation. 

Table 2. Visual outcome of cataract operated subjects by presenting visual acuity †

Presenting 
Visual Acuity

Aphakic 
Unilateral / bilateral

Pseudophakia/
Aphakia Bilateral 

Pseudophakia
Unilateral 
Pseudophakia All

No (%) No (%) No (%) No (%)

6/18 0(0) 1(50) 30(43) 10(14.2) 41(27.2)

<6/18 6 ≥ 6/60 2(22.2) 0(0) 23(32.9) 16(22.9) 41(27.2)
<6/60 
(worst eye) 3(33.3) 0(0) 15(21) 29(58.6) 47(31.1)

<6/60 ≥ 3/60
(best eye) 1(11.1) 0(0) 0(0) 1(1.4) 2(1.3)

<3/60 3(33.3) 1(50) 2(2.8) 2 (2.8) 8(5.3)

ALL 9(5.3) 2(1.3) 70(46.4) 70(46.4) 151(100)

†Data are given as number (%) of people

Table 3 presents the visual outcomes after cataract surgery. Among pseudophakics, 122 
(57.5%) eyes at presentation and 162 (76.2%) eyes after best correction had VA of ≥ 6/18. 
After refractive correction, the vision improved in 40 (18.9%), 39 (18.4%) and 1 (2.9%) 
eyes in each of the three categories (≥ 6/18, < 6/18 - ≥ 6/60 and <6/60) respectively and 
altogether 80 (37.7%) eyes had improvement in vision after best correction. Following best 
correction, there were 17 (8.0%) of 212 pseudophakic eyes and 12 (85.7%) of 16 aphakic 
eyes with VA of < 6/60.
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Table 3. Presenting and best corrected visual acuity outcomes in pseudophakic and aphakic eyes†

≥ 6/18 < 6/18 - ≥ 6/60 <6/60 All

No (%) No (%) No (%) No (%)

Presenting vision

Pseudophakic eyes 122(57.5) 72(33.9) 18(8.5) 212(100)

Aphakic eyes 1 (7.1) 6(42.9) 7(50.0) 14(100)

Best corrected vision

Pseudophakic eyes 162(76.2) 33 (15.8) 17(8.0) 212(100)

Aphakic eyes 2(14.3) 10(71.4) 2 (14.3) 14(100)

†Data are given as number (%) of eyes.

The major cause of visual impairment / blindness among subjects that had undergone 
cataract surgery is presented in Table 4. 

Table 4. Principal cause of visual impairment / blindness in cataract operated eyes by best corrected visual acuity†.

<6/18 - ≥6/60 <6/60  Total <6/18 - ≥6/60 <6/60   Total

Principle cause Pseudophakia Aphakia

Retinal pathology 9 6 15 (30) 6 1 7(58.3)

Surgical complication 7 7 14 (28) 3 0 3(25)

Posterior capsule opacification 7 2 9 (18) 0 0 0(0)

Corneal pathology 3 1 4(16) 0 0 0(0)

Optic atrophy 2 1 3(6) 0 0 0(00

Glaucoma 2 0 2(4) 1 1 2(16.7)

Amblyopia 1 0 1(2) 0 0 0(0)

Phthisis bulbi 0 0 0(0) 0 0 0(0)

Undetermined/Others 2 0 2(4) 0 0 0(0)

Total 33 17 50(100) 10 2 12(100)

† Data are given as number (%) of eyes.

Among the 62 eyes with VA < 6/18, coincidental retinal disease, surgical complications 
and posterior capsular opacification (PCO) were present in 22 (35.5%), 17 (27.4%) and 9 
(14.5%) eyes respectively. Among the 50 pseudophakic eyes, retinal pathology 15 (30%), 
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surgical complications 14 (28%) and PCO 9 (18%) were the most common causes resulting 
in VA of <6/18. Among the 12 aphakic eyes with VA<6/18, 10 had VA between <6/18 - ≥ 
6/60 (6 cystoid macular edema, 3 surgical complication and 1 secondary glaucoma) while 2 
had VA <6/60 (1 retinal detachment, 1 secondary glaucoma). 

The association of age, sex, duration of surgery and literacy with presenting and best 
corrected VA (< 6/18) was explored by logistic regression modeling on the first operated 
pseudophakic eyes which is shown in table 5. Since there were only 2 patients in the age 
group 40 - 49 years, we considered 40-59 years as one age group. A significant association 
was seen only in the age group ≥ 80 years.

Table 5. Multiple logistic regression for risk factors in first operated pseudophakic eyes with VA <6/18

PVA
(<6/18)

odds ratio (95%CI)

BCVA 
(<6/18) 

odds ratio (95%CI)

Age group

40-59 1 1

60-69 1.74 (0.56 - 5.47) 0.92 (0.25-3.37)

70-79 1.43 (0.51 – 3.95) 1.85 (0.59 - 5.78)

≥80 5.94 (1.32 – 26.63) 3.66 (1.00 – 13.32)

Male 1 1

Female 1.32 (0.64 - 2.75) 1.39 (0.67 – 2.90)

Duration from surgery

<5 years 1 1

>5 years 1.31 (0.63 - 2.74) 1.41(0.54 – 2.9)

Literate 1 1

Illiterate 1.03(0.50 – 2.13) 1.33 (0.65 – 2.72)

PVA (presenting visual acuity), BVA (best corrected visual acuity), CI (confidence interval)

Discussion

This is the first population based study to report the outcomes of cataract surgery in one of 
the districts of Kathmandu valley that is not served by an eye hospital. The visual outcome 
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following cataract surgery in our subjects did not fulfill the standards proposed by WHO. 
It has been suggested by WHO that 85% of eyes undergoing cataract surgery should result 
in good outcome (6/6–6/18), 10% borderline outcome (6/18–6/60), while less than 5% 
poor outcome (6/60).29 After best correction 76.2% subjects had good visual outcome while 
15.8% and 8% had borderline and poor visual outcomes respectively.
 When compared to the Lumbini zone and Chitwan district population based study20 
that was conducted in 2006 (the same year as our study), our study had poorer visual 
outcomes following cataract surgery. The Lumbini study reported a presenting VA of more 
than or equal to 6/18 in 61.4% of eyes when compared to 54.5% from our study. The likely 
explanation for this disparity is that Lumbini zone is primarily served by one eye hospital 
and most of the subjects in the study had undergone surgery in that hospital. Whereas, 
Bhaktapur district does not have an eye hospital and subjects that had undergone surgery 
probably had attended several eye centers in Kathmandu valley which could have made a 
difference to the visual outcome. The Lumbini study of 2006 compared their results with a 
previous study conducted in the same district in 1995 and reported that the visual outcomes 
of cataract surgery had improved over the past 10 years. The most likely explanation to this 
was that only 14% of the eyes examined in 1995 had pseudophakic surgery when compared 
to 90% of eyes in 2006. Our study also had better visual outcomes when compared to the 
1995 Lumbini study19 where presenting VA was 6/18 or better in only 15% of eyes.
 Our results were comparable to the Pakistan National Blindness and Visual Impairment 
survey of 2007.30 Among the pseudophakic eyes, 55% had presenting VA greater than or 
equal to 6/18 and 8.7% had less than 6/60 which was similar to our finding of 57.8% and 
8.5% respectively. Our study had poorer visual outcomes compared to the south Indian 
surveys17,18 but better than two other studies from India14,15 and a survey from Bangladesh.12 
The disparity in outcomes between these studies were probably related to the time that they 
were conducted and the access of visual care.
 In our study there were a large number of subjects with pseudophakia (94%). Following 
the establishment of the Fred Hollows Intraocular Lens Laboratory in Kathmandu in 1994, 
there has been a reduction in the costs of IOLs thus making cataract surgery affordable to a 
large population. Therefore we are not alarmed by this finding from our study. Similarly, the 
Lumbini study 2006 also reported a high prevalence of pseudophakia (90%), in contrast to the 
study conducted in 1995 in Lumbini that reported a large number of aphakic eyes (88.1%).
 The commonest cause of visual impairment was uncorrected refractive error following 
cataract surgery. The VA in a large number of eyes of subjects improved after refraction 
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(18.9% ≥ 6/18 and altogether 37.7%). This reiterates findings from studies conducted 
in this region14,16-18 for the proper usage of corrective lenses to improve visual outcome 
following cataract surgery. Although deviation from emmetropia or uncorrected high 
astigmatism as components of refractive error was not analysed in this study, it can still 
be stressed that attention has to be drawn towards achieving accuracy while calculating 
IOL power and adopting techniques to further reduce surgically induced astigmatism.
 After best correction, coincident retinal disease (35.5%) was the most common cause 
of visual impairment and blindness. The average age of 70.3 years of our study subjects 
and the possibility of incorrect patient selection could have lead to this finding. Among the 
retinal diseases, age related macular degeneration was the most common condition which 
was followed by retinal vein occlusion. Surgical complication (27.4%) was the other major 
cause of visual impairment and Pseudophakic bullous keratopathy was the most commonly 
encountered surgical complication. The causes for PCO (14.5%) could not be identified in 
our patients. However, it can be concluded that an improvement in the surgery technique, 
selection of the type of IOL and careful postoperative follow up after cataract surgery is 
necessary to lower the incidence of PCO in the future. The vision of 9 (4.2%) of the 212 
eyes with PCO could have possibly improved to better than 6/18 had they received laser 
treatment. Our rate of PCO was less than reports from Pakistan (38%),13 Rajasthan study 
(38.8%)14 and Sivangana study (23%).15

 A study conducted by Jeevan et al in 2001 in Nepal21 had reported very poor 
outcomes of cataract surgery (58% uncorrected VA<6/60) and a high rate of PCO (30%) 
from studies undertaken in eye camps. Since the time of their report, there has been a 
significant improvement in the services provided in eye camps with the incorporation of 
refraction, biometry and with the use of higher quality operating microscopes and IOLs. A 
study conducted by Ruit et al compared the outcomes of small incision cataract surgery to 
phacoemulsification in an outreach setting and reported similar visual outcomes between the 
two types of surgery at the end of 6 months.22 In fact, the manual sutureless technique was 
more cost effective than phacoemulsification and thus could have a more beneficial role in 
underdeveloped countries. With these advancements and improvement in the quality of eye 
services, it has now been preferred to replace the terminology of eye camp with ‘outreach 
microsurgical eye clinics’ instead.
 There were more females and illiterate subjects that had undergone cataract surgery. 
This is contrary to reports from previous studies in Nepal31,32 and we are unable to explain 
the reasons for our findings. The major strength of our study was that our findings were 
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based from a large population. There were also several weaknesses in our study. We were 
unable to comment on the visual status of the non respondents. The principal reason for 
non attendance was occupation related. Hence, it was unlikely that the non respondents 
had visual impairment that was less than the respondents. Another weakness of our study 
was that we were unable to determine the place where the subjects had undergone cataract 
surgery and therefore not able to analyze the visual outcome in relation to place of surgery.
 It is apparent from our study that the visual outcome after cataract surgery was poor 
among subjects residing in Bhaktapur. The visual outcome could have definitely been better 
had causes such as refractive error and PCO been addressed previously. Eye care centers in 
Kathmandu city providing cataract surgery to patients living in Bhaktapur and elsewhere 
have to find ways of improving the follow up of patients attending their centers. Similarly, 
eye institutions running the primary eye care centers in Bhaktapur district have to also adopt 
strategies in the community to educate people regarding visual rehabilitation and encourage 
follow up at their affiliated centers. A more comprehensive approach towards providing 
ophthalmic care through trained ophthalmic staff with the provision of lasers to treat PCO at 
the primary eye care center will in the future be able to improve the overall eye care services 
in Bhaktapur district.
 In conclusion, cataract programs need to do more than replace the crystalline lens 
with an intraocular lens and send patients away forever. There must be follow up refraction, 
monitoring and treatment for common complications such as PCO and very importantly 
audit of outcomes to ensure the highest possible quality of surgical service.
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Abstract

Purpose: Genetic variation in the hepatocyte growth factor (HGF) gene has recently been 
associated with hyperopia, which is a known risk factor for angle closure glaucoma (ACG). 
This study aimed to investigate whether HGF genetic variation is associated with angle 
closure glaucoma in the Nepalese population.
Method: 106 Nepalese patients with angle closure glaucoma and 204 matched controls 
were included in the current study. 12 Tag single nucleotide polymorphisms (SNPs) were 
selected and genotyped to cover the majority of common variation within the HGF gene. 
Genotype and haplotype analyses were conducted in PLINK.
Results: Four HGF SNPs were found to be significantly associated with ACG, rs5745718, 
rs12536657, rs12540393 and rs17427817 (p=0.002, 0.002, 0.0006, and 0.0006 respectively). 
In addition, haplotype analysis showed one haplotype to be significantly associated with 
ACG (p=0.001) in Nepalese individuals.
Conclusions: The results from this study suggest that HGF may play a role in the aetiology 
of ACG. Future replication studies in different ethnic populations are necessary to confirm 
this firm association and to further explore the role of HGF in the pathogenesis of this 
blinding disease.
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Introduction

Glaucoma represents a group of diseases with the common feature of slowly progressive 
destruction of the optic nerve with corresponding loss of peripheral visual field.1 Glaucoma 
is second only to cataract in causing blindness worldwide.2 Importantly for patients with 
glaucoma however, blindness is reported to be up to 25% higher in people with primary 
angle closure glaucoma (PACG), than open angle glaucoma worldwide.3

 PACG patients have been found to have particular anatomical biometric features 
including shallow anterior chambers,4 lens thickness and position,5 narrow iridiotrabecular 
drainage angles, short axial lengths6 and hyperopic refractive error.7 The most important risk 
factor is shallow anterior chamber depth,8 which has been found to correlate with older age, 
gender (commoner in females), and race (shallower in Eskimos and Asians than Caucasians 
and Africans).9 Asian populations are at higher risk of developing PACG than other groups,10 
and the majority of bilaterally blind glaucoma patients live in China.11

 A recent study investigated the role of hepatocyte growth factor (HGF) in causing 
disruption of the emmetropization process within the eye.12 The authors identified two 
single nucleotide polymorphisms (SNPs) (rs12536657 and rs5745718) within the HGF gene 
that were significantly associated with hyperopia. Since both angle closure glaucoma and 
hyperopia share the same feature of short axial length (13), we hypothesized that this gene 
may be involved in the development of PACG. The aim of our study was to investigate the 
association between tag SNPs of the HGF gene and primary angle closure glaucoma in the 
Nepalese population.

Methods

Participants were recruited from the Nepal Glaucoma Eye Clinic, Tilganga Institute of 
Ophthalmology, Kathmandu Nepal. Ethical approval was approved by the Institutional 
Review Committee of the Tilganga Institute of Ophthalmology (TIO), and is being conducted 
in accordance with the Declaration of Helsinki and its subsequent revisions. Informed 
consent was obtained from each individual. In total, 106 PACG cases, and 204 controls 
were recruited. Cases and controls were matched for sex and ethnicity. All participants were 
from Bhaktapur, Nepal.14
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 The diagnosis of PACG was based on the International Society of Geographical 
and Epidemiological Ophthalmology (ISGEO) classification as described by Foster and 
colleagues.15 Each participant (including controls) underwent a complete eye examination 
including slit lamp examination of the anterior chamber, gonioscopy, best corrected, visual 
acuity, refraction, measurement of intraocular pressure, fundus examination with special 
attention to optic disc parameters, and visual field assessment. Controls were required to 
have intraocular pressure less than 21 mmHg, normal optic nerve heads with cup: disc ratio 
of <0.5, and no family history of glaucoma or previous glaucomatous operations. Participants 
with secondary angle closure glaucoma caused by events such as uveitis, trauma or lens 
subluxation were excluded.
 Genomic DNA was extracted from 2 ml of venous blood using the QiaAmp Blood 
Midi Kit (Qiagen, Valencia, California). The two HGF SNPs (rs12536657, and rs5745718) 
identified by Veerappan et al,12 as well as 10 other tag SNPs, were selected using the tagger 
program implemented in Haploview 4.2 (http://www.broadinstitute.org/mpg/haploview). 
SNPs were selected from the HapMap Han Chinese in Beijing, China (CHB) sample as the 
most closely related population available at the time of the study. Tag SNPs were chosen 
using pairwise tagging, to have an r2>0.8 with SNPs displaying a minor allele frequency 
of 5% in this population. SNPs previously reported to be associated with hyperopia were 
force included in the selection of tags. These 12 tag SNPs included: rs5745752 (A/G), 
rs5745718 (A/C), rs12536657 (A/G), rs2286194 (A/T), rs5745692 (C/G), rs12540393 
(C/T), rs17427817 (C/G), rs12707453 (G/A), rs5745616 (A/G), rs3735520 (T/C), rs6942495 
(G/C), rs17501080 (C/A). A Bonferroni corrected P-value of 0.004 (0.05/12) was considered 
statistically significant.
 Genotyping was conducted at the Australian Genome Research Facility, Brisbane, 
Australia, using the iPLEX Gold chemistry (Sequenom Inc, San Diego, California) on an 
Autoflex mass spectrometer (Sequenom Inc, San Diego, California).
 Differences in age and gender between cases and controls were assessed by t-test 
and χ2 test respectively. All genetic analyses were conducted in PLINK (http://pngu.mgh.
harvard.edu/~purcell/plink/index.shtml).16 SNPs were assessed for compliance with Hardy-
Weinberg equilibrium using a χ2 test. Genetic association was assessed under allelic, 
dominant and recessive models. Where fewer than 5 counts for a given genotype were 
observed, Fisher’s exact test was used, otherwise a χ2 test was used. Haplotypes across the 
two observed linkage disequilibrium blocks, as visualised in Haploview using the “solid 
spine” block definition, was also analysed for association in PLINK.
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Results

Samples from 310 Nepalese individuals (comprising 106 cases and matched 204 controls) 
were genotyped. Demographic characteristics were similar between cases and controls 
(Table 1). Neither age nor gender differed significantly between cases and controls. The 
mean spherical equivalent for PACG cases was -0.15±1.46, and in controls 0.09±0.31 
(p=0.16).  The ratio of females to males in both cases and controls was approximately 3:1.

Table 1. Demographic characteristics of the Nepalese cohort. SD=standard deviation

Cases Controls p-value

Number 106 204 -

Sex (% female) 76% 75% 0.85

Age: mean (SD) 57.3 (12.3) 60.3 (13.7) 0.07
Spherical equivalent:
 mean (SD) -0.15 (1.46) 0.09 (0.31) 0.16

All SNPs conformed to Hardy-Weinberg equilibrium in both cases and controls (p>0.05). 
The genotype counts and frequencies of all SNPs are shown in Table 2, along with the 
allelic association results. Multivariate analyses were conducted controlling for spherical 
equivalent. All four SNPs remained significantly associated with PACG. All 12 tag SNPs 
were located in the introns of HGF gene, with the physical location presented in Figure 1. 
Four SNPs reached statistically significant association with PACG; rs5745718 (p=0.002), 
rs12536657 (p=0.002), rs12540393 (p=0.0006) and rs17427817 (p=0.0006). Of the 12 
SNPs, rs12540393 and rs17427817 were significantly associated under the dominant 
genetic model (p=0.001) (Table 3). SNPs rs5745718 and rs12536657 also show nominal 
associations but did not survive correction for multiple testing.

Table 2. Genotype counts (n) and frequencies (%) of HGF SNPs in Nepalese samples and p-value for association under 
the allelic model, with values in bold considered significant (p<0.05).

SNP Genotype Case
n(%)

Control
n(%) p-value Adjusted p-value *

rs5745752

AA 16 (16.0) 30 (15)

0.754 0.694AG 44 (41) 90 (44)

GG 46 (43) 82 (41)

Hepatocyte Growth Factor and ACG



Chapter 1

118

rs5745718

AA 5 (4) 3 (1)

0.002 0.003AC 27 (26) 30 (15)

CC 71 (70) 163 (84)

rs12536657

AA 5 (4) 3 (1)

0.002 0.009AG 29 (28) 34 (17)

GG 71 (68) 165 (82)

rs2286194

AA 4 (4) 8 (4)

0.480 0.453AT 28 (26) 62 (31)

TT 74 (70) 132 (65)

rs5745692

CC 0 (0) 1 (1)

0.139 0.998CG 1 (1) 6 (3)

GG 105 (99) 196 (96)

rs12540393

CC 5 (5) 3 (3)

0.0006 0.001CT 34 (32) 37 (18)

TT 67 (63) 162 (79)

rs17427817

CC 5 (5) 3 (2)

0.0006 0.001CG 34 (32) 37 (18)

GG 67 (63) 162 (80)

rs12707453

GG 3 (3) 12 (6)

0.749 0.784GA 42 (40) 73 (36)

AA 60 (57) 117 (58)

rs5745616

AA 16 (15) 21 (10)

0.540 0.469AG 43 (41) 91 (45)

GG 47 (44) 90 (45)

rs3735520

TT 15 (14) 38 (19)

0.236 0.134TC 49 (47) 96 (47)

CC 41 (39) 68 (34)

rs6942495

GG 22 (21) 51 (26)

0.745 0.878GC 56 (53) 95 (47)

CC 27 (26) 55 (27)

rs17501080

CC 3 (3) 2 (1)

0.569 0.863CA 19 (18) 38 (19)

AA 83 (79) 162 (80)

*Adjusted for spherical equivalent
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Table 3. Results of association tests for HGF SNPs in the case control analysis under dominant and recessive models with 
respect to the minor allele. 95% CI= 95% confidence interval. Bold p-values are considered significant after Bonferroni 
correction (p<0.004).

P-value

SNPs Minor allele Nucleotide position Dominant Recessive Odds Ratio (95% CI)

rs5745752* A chr7: 81173396 0.635 0.954 0.9 (0.7-1.3)

rs5745718 A chr7: 81185484 0.007 0.129 2.2 (1.3-3.5)

rs12536657 A chr7: 81188144 0.006 0.127 2.1 (1.3-3.3)

rs2286194 A chr7: 81193385 0.447 1 0.9 (0.6-1.3)

rs5745692 C chr7: 81196202 0.271 1 0.2 (0.03-1.9)

rs12540393 C chr7: 81202123 0.001 0.129 2.2 (1.4-3.5)

rs17427817 C chr7: 81202371 0.001 0.129 2.2 (1.4-3.5)

rs12707453 G chr7: 81207355 0.903 0.278 0.9 (0.6-1.4)

rs5745616* A chr7: 81236292 0.971 0.228 1.1 (0.8-1.6)

rs3735520* T chr7: 81238875 0.349 0.319 0.8 (0.6-1.1)

rs6942495* G chr7: 81240449 0.757 0.389 0.9 (0.7-1.3)

rs17501080 C chr7: 81241632 0.881 0.342 1.2 (0.7-2)

* indicates chi-square test was used. 

Figure 1. HGF gene the location of all tagging SNPs (above the line) and previously published hyperopia SNPs (below 
the line). Exons are indicated by grey or solid boxes and joined by introns indicated by lines.

We also investigated for significant haplotype associations of this gene with PACG. Two 
haplotype blocks were identified under the “solid spine” block definition, as displayed in 
Figure 2. Block 1 was defined by all SNPs between rs5745752 and rs5745616 and block 2 as 
SNPs rs3735520 to rs17501080. In block 1 the frequency of the GAATGCCAG haplotype 
was significantly greater in cases compared to controls (18.7% vs 9.5% respectively, 
p=0.001) and remained significant after Bonferroni correction for the 6 haplotypes observed 
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(p=0.006). Additionally, in block 2 the frequency of the CCA haplotype was found to be 
higher in case subjects than control participants (15.2% vs. 8.8% respectively, p=0.017), 
but this difference was statistically significant following Bonferronni correction (p=0.068) 
(Table 4).

Figure 2. Linkage disequilibrium plot generated in Haploview shows the haplotype block structure using the solid spine 
definition. 100*׀D’׀ values are given. An empty cell indicated D’=1. The darker the red shading, the higher the ׀D’׀
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able 4. Common haplotypes (>1% frequency) observed and association with PACG. Bold values are considered 
significant at the p<0.05 level.

Block Haplotype Case 
frequency

Control 
frequency

Odds ratio
(CI 95%) P-value

1 A C G T G T G G A 0.22 0.23 0.9 (0.6-1.5) 0.877

G A A T G C C A G 0.18 0.09 2.0 (1.3-3.3) 0.001

G C G A G T G A G 0.18 0.19 0.9 (0.6-1.4) 0.594

G C G T G T G A G 0.27 0.34 0.7 (0.5-1.0) 0.084

A C G T G T G A G 0.01 0.03 0.3 (0.1-1.2) 0.074

A C G T G T G A A 0.12 0.09 1.3 (0.7-2.1) 0.288

2 C G C 0.11 0.1 1.1 (0.6-1.9) 0.513

C G A 0.35 0.38 0.9 (0.6-1.2) 0.424

T C A 0.37 0.42 0.8 (0.6-1.2) 0.249

C C A 0.15 0.08 1.8 (1.1-2.9) 0.017

Discussion

HGF protein has been found to play an important role in stimulating the growth and migration 
of various eye tissues including the corneal epithelium and endothelium, iris, retinal pigment 
epithelium, lens epithelium and trabecular meshwork.17-20 Hu and Ritch,21 revealed that the 
concentration of HGF in the aqueous humor was significantly higher in glaucomatous eyes 
than in cataract eyes, with no difference between open angle and angle closure glaucoma. 
Another study showed that HGF mRNA concentration was increased in rabbit lacrimal 
gland and corneal epithelium after injury of the cornea.22 This supports the finding of Hu and 
Ritch that increased HGF concentration in aqueous humor of glaucomatous eyes possibly 
reflects to the functional effects of HGF on enhancement of aqueous flow and attempt to 
repair trabecular injury, rather than directly causing glaucoma.21

 The allelic association results displayed in Table 2 show four SNPs to be significantly 
associated with PACG (rs5745718, rs12536657, rs12540393 and rs17427817). The former 
two SNPs have recently been reported to be associated with hyperopia in an Australian 
Caucasian population.12 Interestingly, the risk alleles for hyperopia, rs5745718(A) and 
rs12536657(A), in their study were the same as in our ACG study. This finding indicates a 
possible common pathway, or similarities between hyperopia and PACG which are known 
to share similar biometric features including short axial length (12, 23). However, all four 
SNPs in our PACG study were significantly associated with PACG independent of spherical 
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equivalent, so the association appears to occur through a mechanism beyond an indirect 
association with hyperopia in this population.
 The GAATGCCAG haplotype of block 1 showed significant association with PACG 
(p=0.001). This haplotype contains the associated risk allele of each of the significantly 
associated SNPs; rs5745718(A), rs12536657(A), rs12540393(C) and rs17427817(C). The 
frequency of this haplotype was also found to be higher in the PACG patients (18%) than in 
healthy controls (9%), reflecting the allele frequencies of these four SNPs. These alleles do 
not occur on any other common haplotype in this population.
 The role of HGF in PACG remains unknown. Further work is needed to determine its 
involvement in the pathogenesis of this blinding disease. The similar findings in hyperopia 
indicate that it may be involved in influencing the structure of the eye and thus predisposing 
those with short axial length to the risk of angle closure. It is unlikely that the tag SNPs 
assayed here are the functional variants. All four tag SNPs are located in introns of the 
HGF gene and are likely to be in linkage disequilibrium with actual functional variants. The 
causative variant will likely be found on the background of the GAATGCCAG haplotype.
 To our knowledge, it is the first paper to identify an association between HGF and 
PACG. Additionally the underlying genetic aetiology of PACG in people of Nepalese 
descent has not been previously studied. In conclusion, this study revealed an association 
between the HGF gene and PACG. Future replication studies in different ethnic populations 
are necessary to confirm this firm association and to further explore the role of HGF in the 
pathogenesis of the disease.
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Abstract

Background: Glaucoma is a major cause of blindness worldwide and an increasingly 
significant global health problem. Glaucoma prevention and management efforts have 
been challenging due to inherent difficulty in developing a simple and cost-effective 
screening plan, as well as limited access to health care and educational resources, poverty, 
and inadequate knowledge of the disease, particularly in developing countries. Starting 
in 2004 the Tilganga Eye Centre in Kathmandu, Nepal has provided targeted glaucoma 
screening, treatment, and education through a combination of clinical outreach programs 
and educational activities for patients.
Methods: A simple, age-based glaucoma screening algorithm was incorporated into three 
one-day cataract screening clinics. Using this algorithm, patients who were newly diagnosed 
with glaucoma were referred to TEC, where medication, and surgery if indicated, were 
provided free of charge through private donor funding. In addition, we describe two ongoing 
educational programs for increasing glaucoma awareness: an annual Glaucoma Awareness 
Week (which includes free screening, treatment, and counseling), and a repeating lecture 
series which generates new counselors.
Results: From 2004 to 2007 screening at the annual Glaucoma Awareness Week has resulted 
in the diagnosis of 120 individuals with glaucoma, or 7.6% of total registrants. Attendance 
has increased annually with a trend toward an increasing number of returning patients but 
a decreasing percentage of newly diagnosed patients, though the absolute numbers have 
remained relatively stable (range 21 to 38). Data from the three one-day screening clinics 
in 2006 show that approximately 2-4% of patients 50 years of age or older per clinic were 
newly diagnosed with POAG.
Conclusions: This multi-faceted approach appears to successfully identify individuals with 
glaucoma and provide treatment to those who would otherwise not be able to afford it. 
While more data is needed to validate this model, specifically regarding the effectiveness of 
educational activities, long-term visual outcomes, and medication compliance, it may serve 
as a useful framework for other developing countries with similarly limited resources.
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Introduction

The term glaucoma encompasses a group of ophthalmic diseases that are believed to share 
the common pathophysiology of elevated intraocular pressure (IOP), or abnormal sensitivity 
to high-normal IOP, resulting in damage to the nerve fiber layer of the retina and irreversible 
vision loss.1 The two most common forms of the disease are primary open angle glaucoma 
(POAG) and primary angle closure glaucoma (PACG), with variable patterns of disease 
prevalence in different ethnic groups.2 The World Health Organization (WHO) reported 
in 2002 that glaucoma accounted for approximately 4.6 million cases, or 12.3%, of the 37 
million cases of blindness worldwide, making it the second most common cause of blindness 
after cataract.3 Furthermore, it has been estimated that over 60 million people worldwide will 
have glaucoma by 2010, resulting in 8.4 million cases of bilateral blindness.2 These figures 
plainly suggest that glaucoma is a disease of particular public health significance; indeed, 
blindness and low vision, independent of cause, are important global health issues because 
they confer increased morbidity and mortality, decreased quality of life, and substantial 
economic productivity loss.4-8 Due to the irreversible nature of the vision loss that occurs 
with glaucoma, management strategies must focus by necessity upon early detection and 
prevention of disease progression through strict control of IOP. However, these goals are 
limited by the fact that a simple and cost-effective screening plan for glaucoma has yet to 
be developed.9-12 The prevention of glaucoma in developing and developed countries alike 
is further hindered by factors such as limited access to health care, poverty, limited formal 
education, and inadequate knowledge or understanding of the disease.13,14

 The country of Nepal faces these obstacles on a significant scale. The United Nations 2006 
Human Development Report ranked Nepal 138th out of 177 countries based upon its human 
development index (HDI) which takes into consideration life expectancy as well as indicators 
of education and standard of living.15 In addition, Nepal’s predominantly mountainous terrain 
(which comprises the northern two-thirds of the country) and variable weather conditions 
contribute to a total road network that is the lowest in the region according to the World Bank, 
with only 36% of the population having access to all-weather roads and the health care facilities 
that they may lead to.16 According to estimates from the Nepal Blindness Survey (conducted 
from 1980 to 1981), glaucoma accounted for 3,820 cases, or 3.2%, of bilateral blindness in 
Nepal.17 More recent WHO regional data (including Nepal, India, Pakistan, and Bangladesh) 
places the number at 9%2 notably, neither figure accounts for the presumably greater number 
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of individuals with less advanced, yet still potentially blinding, undiagnosed glaucoma. To 
address this growing problem, the Tilganga Eye Centre (TEC), a tertiary eye hospital located 
in Kathmandu, Nepal, has initiated a multi-faceted approach to glaucoma screening, treatment, 
and education, specifically through the incorporation of glaucoma screening into established 
clinical outreach programs and educational activities with referral for treatment as needed. 
This model may be of interest as a framework for other developing countries where health care 
and educational resources are similarly limited.

Methods

1. Screening clinics

TEC conducts two different types of outreach programs: microsurgical eye clinics (almost 
exclusively cataract) in remote areas of Nepal and neighboring countries that typically 
last several days, and one-day cataract screening clinics in villages closer to the capital of 
Kathmandu that are accessible by road. Made possible through the financial support of private 
donors, these programs target patients who have not sought out care due to limited or non-
existent local health care facilities, financial constraints, or simply lack of awareness. In 
anticipation of the one-day screening clinics, local organizers are recruited and invited to TEC 
the week prior to the clinic for instruction and education about the objectives of the clinic. 
These organizers are responsible for advertising the clinic (e.g. through posters, flyers, or door-
to-door visits), managing volunteers, procuring an appropriate facility, and the transportation 
of patients to TEC. In turn, TEC provides a team of ophthalmologists, ophthalmic assistants 
who have completed three years of university-affiliated training, free medication, and 
diagnostic equipment such as portable slit lamps. The clinics represent excellent opportunities 
for the incorporation of “opportunistic” glaucoma screening, which was performed at three 
different one-day clinics and facilitated by the addition of a Perkins applanation tonometer 
(Haag-Streit®) and frequency doubling technology (FDT) perimeter (Humphrey/Zeiss/
Welch Allyn®). A simple algorithm was developed in which patients are initially triaged for 
a screening examination performed by either an ophthalmologist or an ophthalmic assistant, 
depending on whether the patient is above or below 50 years of age, respectively (Figure 1). 
This age cutoff was chosen based upon the strong association of glaucoma prevalence with 
increasing age and has been selected as a reasonable cutoff in other screening programs.10,18,19 

An ophthalmic assistant performed a flashlight examination of the anterior segment and distant 
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direct ophthalmoscopy to detect media opacities on all subjects below 50 years of age. Patients 
with decreased visual acuity, corneal haze, cataract, shallow anterior chamber, or signs of 
PACG (e.g. iris atrophy, fixed pupils) are referred to the screening clinic ophthalmologist. FDT 
perimetry, applanation tonometry, and dilated funduscopic examination were performed on all 
patients 50 years of age or older as well as suspected glaucoma patients below 50 years of age. 
Patients with shallow anterior chambers as detected by penlight or slit lamp examination (Van 
Herick method) were preferentially referred to TEC for gonioscopy. Patients who were newly 
diagnosed with glaucoma at the screening clinic (or any other eye disease requiring further 
management) were also referred to TEC, where medication, and surgery if indicated, were 
provided free of charge through the generosity of private donors.

Figure 1. Patient encounter algorithm utilized at one day screening clinics. 
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2. Glaucoma Awareness Week

Since 2004, TEC has hosted an annual Glaucoma Awareness Week in either March or April 
when weather conditions are most favorable for those patients traveling long distances. The 
event is co-sponsored by the Glaucoma Support Group of Nepal (GSGN) which was founded 
in 2003 and is a member of the World Glaucoma Patient Association (WGPA). Its members 
include glaucoma patients and their families, health care providers, and social workers. The 
objectives of the group are to educate glaucoma patients and their families about the disease, 
to promote public awareness of glaucoma, and to provide financial support for patients who 
are unable to afford treatment.
 During this week glaucoma screening and any necessary treatment are provided 
free of charge. Compared to the one-day screening clinics, a more thorough standard eye 
examination is performed, including measurement of visual acuity using a Snellen chart, 
slit lamp examination, applanation tonometry, and fundus examination with a 90 diopter 
lens. All glaucoma suspects and newly diagnosed patients subsequently undergo disc 
photography, optical coherence tomography (OCT), and FDT perimetry. All patients who 
are newly diagnosed with glaucoma receive counseling from ophthalmic assistants and 
patient members of the GSGN, are enrolled in the GSGN and Patient Education Program 
lecture series, and are provided with free samples of medication (typically a topical beta-
blocker, made possible in part by donations directly from pharmaceutical companies). 
Returning patients are also eligible to receive free interval evaluation, medication, and 
repeated counseling which emphasizes the importance of compliance with therapy. Patients 
who have more advanced disease requiring multiple medications or who live far away such 
that annual follow-up may be prohibitive are scheduled for free surgery (trabeculectomy). 
Ophthalmic assistants and students have created educational posters about glaucoma, 
and copies of a patient glaucoma handbook written in Nepali are available for purchase 
at a reasonable cost with proceeds reinvested in further educational and treatment efforts. 
In addition, a prize raffle has been held during previous Glaucoma Awareness Weeks to 
supplement fundraising efforts, with raffle tickets printed with educational messages such 
as risk factors for glaucoma. The GSGN publishes an annual report summarizing these 
activities and efforts, and the event has received local television, radio, and newspaper 
coverage, with patient attendance increasing in each of the four years since its inception. 
Approximately 90% of patients are from Kathmandu and the remaining 10% from villages 
in or near the Kathmandu valley.
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3. Patient Education Program

Another important educational effort is the Patient Education Program, comprised of six 
lectures which take place at TEC on a selected Saturday morning every two months. The 
series is provided free of charge and is attended by members of the GSGN. Topics presented 
by ophthalmologists include an introduction to the GSGN, a discussion of glaucoma 
including risk factors, signs, symptoms, treatment modalities, diagnostic tools used in the 
diagnosis of glaucoma, instruction on how to properly administer eye drops, possible side 
effects of glaucoma medications, childhood glaucoma, new advances in glaucoma research, 
and the sharing of experiences by patients with glaucoma. At the end of each session 
attendees who have the financial means are encouraged to make a small donation towards 
a fund that supports treatment for poor patients throughout the year. In addition, some of 
the private donors mentioned in the “Screening Clinics” section are themselves glaucoma 
patients who attend our educational classes. These sponsors are again approached when new 
glaucoma patients are identified from screening clinics and are asked if they will further 
support medication for a year or more to one or more patients. Upon completion of the entire 
Patient Education Program a short quiz is administered, and those individuals who perform 
satisfactorily are able to become counselors for other glaucoma patients during Glaucoma 
Awareness Week. The series repeats each year, and starting in 2006 has been broadcast on a 
local FM radio channel to reach a wider audience.

Results

From 2004 to 2007 screening at the annual Glaucoma Awareness Week has resulted in 
the diagnosis of 120 individuals with glaucoma, or 7.6% of total registrants (Table 1). 
Attendance has increased annually with a trend toward an increasing number of returning 
patients (from 145 in 2004 to 342 in 2007). There has also been a trend toward a decreasing 
percentage of newly diagnosed patients, though the absolute numbers have remained 
relatively stable (range 21 to 38). Data from the three one-day screening clinics in 2006 
show that approximately 2-4% of patients 50 years of age or older per clinic were newly 
diagnosed with POAG (Table 2). 
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Table 1. Data from Glaucoma Awareness Week (2004-2007).

2004 2005 2006 2007 Total

Total number registered 259 343 457 522 1581

Established glaucoma patients 145 (60%) 105 (30.6%) 231 (50.5%) 342 (65.5%) 823 (52.1%)
Newly diagnosed glaucoma 
patients 28 (10.8%) 38 (11.1%) 33 (7.2%) 21 (4.0%) 120 (7.6%)

Humphrey visual field analysis 129 137 235 203 704

FDT perimetry 123 53 42 147 365

Pachymetry 86 34 26 52 198

Optical coherence tomography - - 6 24 30

Disc photography 57 17 90 112 276

Bottles of medication distributed 51 87 264 368 770

Laser treatments 14 11 5 17 47

Patients supported for surgery 11 15 16 11 53

FDT=frequency doubling technology. Note that the quantity of medication distributed may not equal the number of 
glaucoma patients seen during a given year as not all established glaucoma patients received free medication in 2004 
and 2005, and some patients received more than one bottle in subsequent years. Similarly, some patients may have 
received both medication and another form of treatment (i.e. laser or surgery).

Table 2. Data from selected one day screening clinics (2006).

Bhotechaur Lele Badikhel

Total number registered 318 180 298

Total number ≥50 years of age 99 (31%) 85 (47%) 99 (33%)

Patients diagnosed with POAG 2 1 3

Patients diagnosed with PAC 2 1 2

Glaucoma suspects referred to TEC 10 6 7

Number of glaucoma suspects who followed up at TEC 8 6 7

Glaucoma suspects ultimately diagnosed with POAG 2 1 1
Total number diagnosed with POAG (incl. percent ≥50 years of 
age) 4 (4.0%) 2 (2.4%) 4 (4.0%)

POAG=primary open-angle glaucoma; PAC=primary angle closure; TEC=Tilganga

Discussion and Conclusions

Glaucoma is a public health issue of increasing importance as the global population increases 
in both age and number. While our limited data show that the programs described above are 
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identifying undiagnosed glaucoma patients and benefiting individuals who would otherwise 
not be able to afford treatment, an analysis of the effectiveness of educational activities (e.g. 
through the use of surveys), medication compliance, and long-term visual outcomes is needed 
to validate this approach. Such data would also be helpful to identify areas for improvement 
or to suggest different management approaches altogether. For example, interim results from 
the Collaborative Initial Glaucoma Treatment Study showed that patients randomized to either 
medical or surgical treatment for primary open-angle glaucoma had comparable outcomes 
at five years.20 Such an approach has already been implemented in some parts of India.21 
While longer term data is needed before primary surgery can be more broadly recommended, 
the higher initial cost may ultimately prove to be justifiable in the long run for patients in 
developing countries who face greater obstacles to accessing health care resources. Similarly, 
prophylactic laser peripheral iridotomy (LPI) has been studied for the prevention and treatment 
of PACG in East Asian and Indian populations, though which patients would benefit most from 
this intervention is still being defined.22-24 Finally, a more current estimate of the prevalence 
of glaucoma in Nepal is needed (such a study is currently being conducted in the city of 
Bhaktapur). Glaucoma Awareness Week data show a trend toward an increasing percentage of 
returning patients but a decreasing percentage of newly diagnosed patients, and it is unclear if 
these figures approximate regional glaucoma prevalence.
 As mentioned previously, a simple and cost-effective screening plan for glaucoma 
has yet to be developed, a point emphasized by a 2006 Cochrane review that could not 
support population-based screening for primary open-angle glaucoma due to the fact that 
no randomized controlled trials could be identified.9 An analysis of data obtained from 
the Baltimore Eye Survey failed to demonstrate an acceptable balance of sensitivity and 
specificity in the study population for several tests (either separately or in combination) 
commonly used in the diagnosis of glaucoma, including tonometry, stereoscopic fundus 
photography, and Humphrey visual field analysis.11 More recent assessments of FDT perimetry 
as a screening tool in both developed and developing countries have been encouraging with 
good specificity for glaucoma; however, the test appears to have low sensitivity, and thus 
may be most beneficial as an adjunctive measure.25, 26 In light of the continuing challenges 
regarding accurate and cost-effective diagnosis of glaucoma in the general population it has 
been suggested that eye care providers focus their efforts solely on case detection in high-
risk individuals (e.g. older age, positive family history, or certain ethnic groups) instead.10, 12, 

27 This is an issue that will continue to evolve as our understanding of glaucoma, as well as 
diagnostic and therapeutic modalities, are further refined.
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 Like other developing countries, human resource and infrastructure development are 
critical to the success of future glaucoma screening and treatment efforts in Nepal; indeed, 
the development of such programs is meaningless if a society has neither the manpower 
nor the equipment and facilities with which to implement them. Presently, participation 
in the outreach programs described here is limited to villages near Kathmandu that have 
road access to and from TEC, facilitating initial evaluation and follow-up. Nepal has 
approximately 46 primary eye centers in some of the more remote areas of the country that 
are staffed by ophthalmic assistants trained to diagnose and treat minor eye diseases and 
refer patients to one of the 18 larger district eye hospitals when necessary. It is crucial that 
these providers are adequately trained in the diagnosis and effects of glaucoma as they may 
represent the only opportunity for case detection and education in their respective regions. 
TEC has previously conducted a glaucoma training workshop for ophthalmic assistants and 
continues to look for ways to improve such programs, as well as to expand training to 
include general ophthalmologists from the district eye hospitals where similar programs 
for screening, treatment, and education may be implemented if proven effective. Due in 
part to some of the challenges discussed above, glaucoma was not included as an avoidable 
cause of blindness in the VISION 2020 initiative, launched jointly in 1999 by WHO and the 
International Agency for the Prevention of Blindness (IAPB).28

 Thus, it is incumbent upon eye care providers and public health officials to ensure 
that glaucoma remains a priority along with other more easily identifiable and treatable eye 
diseases. It is our hope that this task will be accomplished in part through the continued 
development, refinement, and validation of sustainable clinical and educational programs 
such as those described here.
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Background

Cataract is the major cause of blindness worldwide. It is estimated that 41.8% of all global 
blindness is caused by cataract.1 Glaucoma is the second leading cause of blindness in the 
world and the leading cause of irreversible blindness. The number of people with glaucoma 
is expected to increase due to the aging of the population. Quigley and Broman have 
estimated that there will be 60.5 million people with glaucoma in 2010. Asians are expected 
to represent 47% of those with glaucoma and 87% of those with angle closure glaucoma. 2

 The World Health Organization (WHO) estimates that 3.4% of people aged 50 years 
and older are blind in a South-East Asian sub-region that includes Nepal. In this sub-region, 
WHO estimates that approximately 9% of blindness in all age groups is due to glaucoma.3 
These estimates are very crude, given the paucity of visual epidemiology work conducted in 
Nepal. Only two studies of the adult Nepalese population were reviewed by WHO, neither of 
which was designed to measure glaucoma prevalence.4-5 Instead, the estimate relied heavily 
on population-based studies in India, Bangladesh, and Pakistan, along with assumptions 
based on the population age distribution and mortality rate in this sub-region.6

 Nepal is a South Asian country with approximately 27 million people from a multitude 
of ethnic groups. In 1981, it was found that cataract accounted for 66.8% of all blindness 
in Nepal, with glaucoma responsible for 3.2%.3 The prevalence of various subtypes of 
glaucoma has not been delineated in Nepal. 

Research Objectives

The objectives of Bhaktapur Glaucoma Study (BGS) are:
1. To estimate the prevalence of glaucoma in subjects more than 40 years of age in 

this population and investigate the risk factors that could have an association with 
glaucoma (such as age, sex, intraocular pressure, central corneal thickness, refractive 
error, hypertension and diabetes).

2. To estimate the prevalence of visual impairment (VI) and blindness in subjects more 
than 40 years of age in this population and to evaluate the visual outcome after cataract 
surgery.

3. To compare the anterior chamber depth and axial length between normal, primary 
open angle glaucoma, primary angle suspects and primary angle closure glaucoma.
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4. To determine the awareness of eye diseases such as cataract and glaucoma in the 
community.

5. To investigate the genetic risk factors for the development of glaucoma and other 
common blinding diseases

Method

Study design Bhaktapur is one of the three districts of Kathmandu valley which represents a 
metropolitan city with a predominantly agrarian rural periphery. It is situated approximately 
15 kilometers from Kathmandu the capital city of Nepal. We selected this district because it 
does not have an eye hospital to serve its population.
 The study was designed as a population based cross-sectional study involving the 
selection of 4800 subjects aged 40 years and above residing in Bhaktapur district. A sample 
size of 4758 was calculated after assuming a prevalence of 3 % for glaucoma, a relative 
precision of 25%, 85% compliance and a design effect of 2.7-9 The 3% prevalence of glaucoma 
was derived from studies undertaken in the region such as the Andhra Pradesh Eye Disease 
Study (APEDS),10-11 Vellore Eye Study(VES),12-13 Chennai Glaucoma Study(CGS)14-15 and 
West Bengal Glaucoma Study (WBGS).16

 A two stage World Health Organization 30 cluster sampling procedure was adopted for 
patient selection17. The sampling frame comprised of 161 wards and an estimated population 
of 48,223 people above the age of 40 years.18 In the first stage, 30 wards were selected and 
field workers conducted a census. In the second stage, a database was prepared and names 
of all eligible subjects were recorded. From this list, 4800 subjects were selected using 
EPI-INFO software, version 3.5.1.19 Selected subjects were revisited by field workers and 
referred to Tilganga Institute of Ophthalmology (TIO) for a comprehensive eye examination.

Clinical Examination Two fellowship trained glaucoma specialists were involved in clinical 
evaluation. The distance and near visual acuities (VA) were measured using logarithm of 
minimum angle of resolution tumbling E charts placed at 4 meters. Slit-lamp biomicroscopy 
was performed to identify ocular abnormalities. Attention was drawn particularly towards 
abnormalities such as ischemic sequelae of previous acute angle closure, secondary 
glaucoma and signs of past glaucoma surgery. Peripheral anterior chamber depth was graded 
according to the van Herrick’s technique.20 Intraocular pressure (IOP) was measured with a 
Goldmann applanation tonometer and a median of three consecutive recordings were taken 
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as the IOP for each eye 21. Gonioscopy was done on all subjects with a Zeiss 4 mirror lens 
in ambient light conditions using a shortened slit beam that did not fall upon the pupil. 
The angle was graded according to the Shafer system 22. Subjects with occludable angles 
underwent indentation gonioscopy to establish whether peripheral anterior synechia were 
present.
 All subjects had their pupils dilated unless contraindicated because of risk of 
angle closure. The lens was examined and cataract graded according to Lens Opacities 
Classification System II. 23 Fundus examination included evaluation of the optic disc and 
macula with a 90 Diopter lens. A measuring eye piece graticule was used to measure the 
vertical cup disc diameter. Optic disc photographs were taken and evaluated.
 All subjects underwent ultrasonic pachymetry to measure the central corneal thickness 
(CCT). Ocular Biometry was performed on every fifth subject, with the first subject being 
randomly selected. Measurements of axial length and the anterior chamber depth were 
taken. Those subjects with occludable angles, primary angle closure and with primary 
angle-closure glaucoma (PACG) also underwent ocular biometry measurements. Frequency 
Doubling Perimetry was performed on all subjects with a visual acuity of Log MAR 0.6 
or better, using the C-20-1 program. Automated perimetry SITA 24-2; Humphrey Field 
Analyzer was performed on glaucoma suspects and repeated if the test reliability was not 
satisfactory or when there was a glaucomatous field defect. Laser Peripheral Iridotomy was 
performed on subjects with occludable angles.A total of 2 ml peripheral blood was collected 
in 9 ml EDTA tubes from all subjects. Using this resource we aim to screen for identified 
disease causing genetic variants, as well as identify potential novel disease associated genes.

Diagnostic definitions Glaucoma cases were defined according to the International Society 
of Geographical and Epidemiological Ophthalmology (ISGEO) scheme.24 The distribution 
of vertical cup to disc ratio (VCDR) from subjects with a normal result on suprathreshold 
field screening in both eyes of the non glaucomatous population was calculated. We used a 
more lenient definition to define occludable angles. An occludable angle was diagnosed when 
the posterior trabecular meshwork was not seen for > 180° on non-indentation gonioscopy. 
A provisional diagnosis of Glaucoma suspect was made when the subject had one or more of 
the following: IOP ≥ 21 mmHg in either eye; VCDR ≥ 0.7 in either eye or CDR asymmetry 
≥ 0.2; and focal thinning, notching or splinter hemorrhage. A glaucomatous visual field 
defect was considered to be present, when a) a glaucoma hemifield test result was outside 
normal limits and b) a cluster of three or more non edge, contiguous points, not crossing 
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the horizontal meridian, with a probability of < 5 % of age matched normal on the pattern 
deviation plot was noted.
 Visual impairment, blindness and low vision were defined as per International 
Classification of Diseases 10th edition (ICD -10).25 The International Classification of 
Diseases 10th edition (ICD -10) defines visual impairment as VA of less than 6/18 (20/60, 
0.3) in the better eye with the best correction.25 Visual impairment has been categorized to 
blindness and low vision. A VA of less than 3/60 (20/400, 0.05) with best correction or a 
visual field less than 10° from fixation in the better eye has been considered blindness. Low 
vision has been defined as a best corrected VA of less than 6/18 (20/60, 0.3), but not less than 
3/60 (20/400, 0.05) in the better eye. 

Results

Baseline Demographic Characteristics (Chapter 2)
The demographic details of 4,800 subjects are presented in Table 1. The mean age of 
participants was 55.4 ±12.3 years (range: 40 - 99) and 51.8% were female. 64.8% of our 
cohort was aged less than 59 years and 60.5% were illiterate. Among the various ethnic 
races, 69.7% belonged to the Newar ethnic group.

Table 1. Baseline demographic profile of the sample population

Age Group Female No. (%) Male No. (%) Total (%)

40-49 965 (20.1) 893 (18.6) 1858 (38.9)

50-59 649 (13.5) 596 (12.4) 1245 (25.9)

60-69 450 (9.4) 451 (9.4) 901 (18.8)

70-79 313 (6.5) 278 (5.8) 591 (12.3)

> 80 109 (2.3) 96 (2.0) 205 (4.3)

Total 2486 (51.8) 2314 (48.2) 4800 (100)

A population based survey of the prevalence and types of glaucoma in Nepal (Chapter 3)
The median IOP in this population was 13.0 mm Hg. The median VCDR was 0.20 and 
97.5th percentile 0.6. We recommend that a VCDR of > 0.6 should be viewed with suspicion 
for glaucoma in our population. The age - and sex adjusted standardized prevalence of 
glaucoma was 1.80 (95% confidence interval (CI), 1.68 - 1.92). Age -and sex- standardized 
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prevalence of POAG and PACG was 1.24% (CI, 1.14 - 1.34) and 0.39 % (CI, 0.34 - 0.45) 
respectively. There was an increase in the prevalence of glaucoma with increase in age. 
There was no significant difference in gender. No subjects in the age group of 40-59 years 
had PACG. PACG was three times more common in females.
 The demographics of the glaucoma cases are presented in Table 2. Nine eyes were 
blind from glaucoma; POAG, PACG and secondary glaucoma contributing in 3 eyes each. 
Two subjects were bilaterally blind, 1 each from PACG and POAG. Among POAG subjects, 
96.08 % had not been previously diagnosed. There were 42 (85.71%) out of 49 undiagnosed 
POAG subjects that had IOP ≤ 97.5th percentile cut off (18.00 mm Hg). They were classified 
as having normal tension glaucoma (NTG).

Table 2. Demographics of the glaucoma cases

All 
(n)

Males
(n)

Females
(n)

M:F 
Ratio

Median 
Age

Diagnostic 
Category (%)

Previously 
diagnosed 
(%)

1 2 3

POAG 51 26 25 1.04 68.53 45(88.24) 5(9.80) 1(1.96) 2(3.92)

PACG 17 4 13 0.30 71.23 12(70.59) 5(29.41) 0(0.00) 5(29.41)
Secondary 
Glaucoma 7 6 1 6.0 64.00 2(28.57) 4(57.14) 1(14.29) 4(57.14)

Total 75 36 39 0.92 70.00 59(78.67%) 14(18.67) 2(2.66) 11(14.67)

Central Corneal Thickness and Intraocular Pressure (Chapter 4)
The mean CCT was 539.10 µm (SD ± 33.73) and IOP 13.33 mmHg (SD ± 2.26). For male 
and female, the mean CCT was 540.54µm (SD ± 34.60) and 537.84mm (SD ± 32.91) 
respectively. CCT was not significantly different between genders (p = 0.06). A considerable 
difference in CCT values across different age groups for both genders (male: p = 0.017 and 
female: p = 0.002) was noted. The mean IOP in males was 13.36 mmHg (SD ± 2.27) and 
in females was 13.32 mmHg (SD ± 2.25). This value was not significantly different across 
genders (p = 0.74). 
 Linear regression analysis suggests that CCT measurements decreases by 2.67µm, 
(95% CI 2.21- 4.13) per decade changes in age. A 100 µm increase in central corneal 
thickness was associated with a 1.03 mmHg (CI 0.79 - 1.26) increase in intraocular pressure 
after adjusting for age and gender as depicted in Figure 1. 

Chapter 10



General Introduction

143

Figure 1. Scatter plot of IOP and CCT with linear regression line.

Comparison of Axial Lengths in Occludable Angle and Angle-Closure Glaucoma 
(Chapter 5)
As the number of subjects in PACG group was very small and the demography was 
significantly different among the three groups, we compared the anterior chamber depth 
(ACD) and axial length between the normal and occludable angle group. In the occludable 
angle group, the ACD (2.55 ± 0.69) was significantly different (p<0.001) than the normal 
group (2.85 ± 0.39). The axial length (22.08 ± 0.83) in the occludable angle group was also 
considerably different (p<0.001) when compared to the normal group (22.62 ± 0.90). In 
PACG group, the ACD and axial length was 2.48 ± 0.22 and 22.02 ± 0.59 respectively.
 The risk of having occludable angle was higher (OR: 4.92, 95% CI 2.50 - 9.70) in 
the 60 - 69 age group when compared to 40 - 49 age group. The females were found to be 
at a higher risk (OR: 2.81, 95% CI 1.67- 4.74) when compared with males. After applying 
multivariable logistic regression analysis adjusting for age and sex, we found that the risk of 
having an occludable angle decreases with per unit millimeter increase in ACD (OR 0.24, 
95% CI 0.12 - 0.50) and axial length (OR 0.49, 95% CI 0.36 - 0.67). 
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Prevalence of visual impairment, cataract surgery and awareness of cataract and 
glaucoma in Bhaktapur district of Nepal (Chapter 6)
The age -sex adjusted prevalence of blindness (best corrected <3/60) and low vision (best 
corrected <6/18 ≥ 3/60) was 0.43 % (95 % C.I. 0.25- 0.68) and 3.97 % (95% C.I. 3.40 - 4.60) 
respectively. Cataract (53.3%) was the principal cause of blindness. The leading causes of 
low vision were cataract (60.8%) followed by refractive error (12%). The cataract surgical 
coverage was 90.36% and was higher in the younger age group, females and illiterate subjects. 
Pseudophakia was seen in 94%. Awareness of cataract (6.7%) and glaucoma (2.4%) was 
very low. Among subjects who were aware, 70.4% had knowledge of cataract and 45.5% of 
glaucoma. Cataract was commonly known to be a ‘pearl like dot’ white opacity in the eye 
while glaucoma was known to cause blindness. Awareness remained unchanged in different 
age groups for cataract while for glaucoma there was an increase in awareness with age. 
Women were significantly less aware (odds ratio (OR): 0.63; 95%, confidence interval (CI): 
0.54 - 0.74) for cataract and (OR: 0.64; 95% CI: 0.50 - 0.81) for glaucoma. Literacy was 
also correlated with awareness. The causes of visual impairment are represented in Table 3.

Table 3. Causes of visual impairment (best corrected, better eye)

Cause Low vision Unilateral blindness Bilateral blindness

Cataract 96 (60.8%) 53 (37.1%) 16 (47.1%)

Retinal disorder 18 (11.4%) 21 (14.7%) 5 (14.7%)

Corneal scar 4 (2.5%) 18 (12.6%) 5 (14.7%)

Refractive error 19 (12.0%) 10 (7.0%) 3 (8.8%)

Phthisis bulbi 0 (0.0%) 14 (9.8%) 2 (5.9%)

Trauma 0 (0.0%) 11 (7.7%) 1 (2.9%)

Glaucoma 4 (2.5%) 5 (3.5%) 2 (5.9%)

Surgical complication 5 (3.1%) 4 (2.8%) 0 (0%)

Amblyopia 1 (0.6%) 3 (2.1%) 0 (0%)

Optic atrophy 1 (0.6%) 3 (2.1%) 0 (0%)

Undetermined 2 (1.3%) 1 (0,7) 0 (0%)

PCO 6 (3.8%) 0 (0%) 0 (0%)

Aphakia 2 (1.3%) 0 (0%) 0 (0%)

Total 158 (100%) 143 (100%) 34 (100%)

Chapter 10



General Introduction

145

Outcomes of cataract surgery in Bhaktapur district of Nepal (Chapter 7)
The mean age (SD) of subjects that underwent cataract surgery was 70.3 (10.2) years. 
Pseudophakia was present in 142 (94.0%) while aphakia in 9(6%) subjects. Presenting and 
best corrected visual acuity of ≥ 6/18 was achieved in 123 (54.4%) and 164 (72.4%) eyes 
respectively. Among pseudophakics, at presentation 122 (57.5%), 72 (33.9%), 18 (8.5%) eyes 
and after best correction 162(76.2%), 33 (15.8%), 17(8.0%) eyes had visual acuity ≥ 6/18, 
< 6/18 - ≥ 6/60 and <6/60. Retinal disease 22 (35.5%), surgical complications 17 (27.4%) 
and PCO 9 (14.5%) were the principle causes of visual impairment after best correction in 
all operated eyes (Table 4). There was no significant association in visual outcome based 
on age (except age group ≥ 80 years), sex, literacy and the duration of surgery. Altogether 
89(58.9%) subjects had undergone surgery 5 years before the survey was undertaken

Table 4. Principal cause of visual impairment / blindness in cataract operated eyes by best corrected visual acuity*.

<6/18 - ≥6/60 <6/60 Total <6/18 - ≥6/60  <6/60  Total

Principle cause Pseudophakia Aphakia

Retinal pathology 9 6 15 (30) 6 1 7 (58.3)

Surgical complication 7 7 14 (28) 3 0 3 (25)

PCO 7 2 9 (18) 0 0 0 (0)

Corneal pathology 3 1 4 (16) 0 0 0 (0)

Optic atrophy 2 1 3 (6) 0 0 0 (00

Glaucoma 2 0 2 (4) 1 1 2 (16.7)

Amblyopia 1 0 1 (2) 0 0 0 (0)

Phthisis bulbi 0 0 0 (0) 0 0 0 (0)

Undetermined/Others 2 0 2 (4) 0 0 0 (0)

Total 33 17 50 (100) 10 2 12 (100)

*Data are given as number (%) of eyes.

Hepatocyte Growth Factor is Associated with Angle Closure Glaucoma in Nepalese 
Population (Chapter 8)
Four Hepatocyte Growth Factor (HGF) Single Nucleotide Polymorphisms were found to be 
significantly associated with ACG. In addition, haplotype analysis showed one haplotype to 
be significantly associated with ACG (p=0.001) in Nepalese individuals
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Discussion 

The BGS is the first study in Nepal to report the prevalence of glaucoma based on the 
ISGEO criteria and is therefore comparable to other studies from the world that follows 
the same criteria. The prevalence of glaucoma in this Nepalese population was 1.88%. 
The prevalence of glaucoma was lower than studies from south Asia as shown in Table 5. 
POAG was the most common form of glaucoma. Among the POAG subjects who were not 
previously diagnosed 85.71% had NTG. A high prevalence of NTG similar to our study 
has also been reported from other populations in Asia.26, 27 Although the prevalence of 
PACG was low (0.43%), the visual impairment was more than POAG reiterating findings 
from studies in Asia that most morbidity caused by glaucoma was from PACG. Majority 
of POAG subjects (95.4%) had not been previously diagnosed. Similar rates (>90%) have 
been reported from several studies in India.10, 15, 28 Glaucoma therefore is an undiagnosed and 
blinding disease in Nepal which demands eye care programs to prioritise their effort towards 
promoting awareness and finding novel ways of screening for the disease. 

Table 5. Prevalence of glaucoma in population –based studies in South Asia

Prevalence %

Study Population Age All POAG PACG Ratio of POAG
to PACG

Bangladesh, Dhaka 40 + 3.1 2.5 0.4 6.3
West Bengal, East India 50 + 3.3 3.1 0.2 10.00
*ACES, South India 40 + 2.6 1.2 0.5 2.4
†APEDS, South India 40 + - 2.6 1.1 2.4
§CGS, South India 40 + - 1.6 0.9 1.4
BGS, Nepal 40 + 1.9

*ACES: Aravind Comprehensive Eye Survey, †APEDS: Andhra Pradesh Eye Disease Study, § CGS: Chennai Glaucoma 
Study 

The mean IOP and CCT were 13.33 mmHg (SD ± 2.26) and 539.10 µm (SD ± 33.73) 
respectively. The mean IOP of 13.33 mm Hg was similar to some studies from the region16, 
29-31 but lower than reports from the Caucasian population.32, 33 In table 6, CCT from different 
population based studies conducted in Asia has been presented.
 The Nepalese had thicker corneas when compared to most of these populations and 
our finding was almost similar to the Singapore Malay Eye Study (541.2 µm). 34 Males and 
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females had similar CCT measurements which correlated negatively with increasing age and 
positively with IOP. A positive association between IOP with CCT reinforces the fact that 
CCT can influence recordings of IOP while using applanation tonometry, thus suggesting 
that CCT should be measured in subjects with glaucoma in this population.

Table 6. CCT from different Asian population based studies

Country Number of 
participants Age group Instrument used Mean ± SD (µm)

Singapore 34 3239 ≥ 40 years Ultrasound Pachymetry 541.2 

Nepal (BGS)* 2330 ≥ 40 years Ultrasound Pachymetry 539.10 ± 33.73

Burma 36 1909 ≥ 40 years Ultrasound Pachymetry 521.9 ±33.3

Japan 35 7313 ≥ 40 years Specular Microscopy 517.5 ± 29.8 

South India 37 6754 ≥ 40 years Ultrasound Pachymetry 511.4 ± 33.5

Mongolia 38 1242 10- 87 years Optical Pachymetry 495 ± 32 

*BGS (Bhaktapur Glaucoma Study), current study

A striking finding of our study on biometric measurements was that the eyes of the normal 
Nepalese population were significantly shorter than that of south Indian, Chinese, White, or 
African-American populations39, 40 (Table 7). 

Table 7. Comparison of Nepalese ocular biometric measures with that of different populations

 Nepalese 
(n = 685)

South Indian
(n = 419)

Chinese
(n = 531)

White Americans
(n = 170)

A f r i c a n - 
Americans
(n = 188)

Sex (M : F) 315 : 370 210: 209 236 : 295 82 : 88 55 : 133
Axial length (mm), 
mean (SD) 22.62 (0.90) 22.76(0.78) 23.32(1.38) 23.35(1.38) 23.14(0.87)

95% CI difference in 
means - 0.24 to - 0.03 - 0.83 to - 0.57 - 0.90 to - 0.56 - 0.66 to - 0.37

p- value 0.008 < 0.001 < 0.001 < 0.001

Our study also confirmed to findings from several other studies where eyes with occludable 
angles and PACG had shallower ACD and shorter axial length than the normal population. 
Subjects in the occludable angle and PACG groups were older than those in the normal group. 
There was a significant difference in age between the occludable (mean 59.64 years) and the 
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PACG (mean 71.23 years) groups. This finding could suggest that angle closure glaucoma can 
occur at a later age in our population and could be related to the thickening of the lens with an 
increase in age. A shorter axial length in females with PACG than males could probably be one 
of the factors responsible for PACG to be more common among females.
 The overall prevalence of visual impairment was low in Bhaktapur. It was associated 
with advancing age, female sex prior to best correction and was not associated with literacy. 
After best correction there was no difference between the sexes. The prevalence of blindness 
and low vision in Bhaktapur district is lower than reports from studies undertaken in Nepal. 
The prevalence of blindness at presentation ( VA <3/60) in our study was 0.73 % which is 
lower than the 1981 Nepal Blindness Survey (3.4%),4 1995 Lumbini survey (3%),5 2002 
Gandaki zone study (1.4%),41 2010 Lumbini and Chitwan zone study (2.3%),42 and 2010 
Rautahat district study (VA <6/60. 17.4 %).43 This is also lower than studies conducted 
in neighbouring countries and the estimate of 3.4% for the South East Asian region.3, 44-

47 However there are several studies in Asia that have also reported a low prevalence of 
blindness.48-52 After best correction the prevalence of blindness was 0.43% in our study.
 Cataract remains the principle cause of blindness. The prevalence of cataract blindness 
was 1.5 % which is almost similar to the Gandaki zone study41 (1.9%) where the outcome of 
the study was from the area best served by the local eye hospital. The major cause of bilateral 
blindness (53.3%) was cataract which was comparable to other studies in Nepal. Together, 
cataract (60.8%) and refractive error (12.0%) contributed 72.8% of the total burden of low 
vision which was curable. There were more women with low vision due to uncorrected 
refractive error. The 1981 Nepal Blindness Survey4 and the 1995 Lumbini survey5 have 
also reported that females were more likely to have visual impairment. This finding in our 
population could suggest that women were not seeking eye care for reasons such as unequal 
access, social stigma related to wearing spectacles and others. In the future, rehabilitation 
programs will need to target women among this population.
 A cataract surgical coverage (CSC) of 90.36% was highest in comparison to all the 
other studies of Nepal. Since 1994, Tilganga Institute of Ophthalmology has held numerous 
cataract screening programs in Kathmandu valley particularly focusing on Bhaktapur. These 
services could have lead to the high CSC. Among subjects that had undergone cataract 
surgery, 94% had pseudophakia. This was very high compared to 16.4 % seen in Lumbini 
district.5 The Fred Hollows Intraocular Lens Laboratory at TIO has been manufacturing 
intraocular lenses since 1994. The availability and affordability of intraocular lenses could 
also have lead to a high prevalence of pseudophakia in Bhaktapur.
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 The visual outcome following cataract surgery in our subjects did not fulfill the standards 
proposed by WHO. It has been suggested by WHO that 85% of eyes undergoing cataract 
surgery should result in good outcome (6/6–6/18), 10% borderline outcome (6/18–6/60), 
while less than 5% poor outcome (6/60).3 After best correction 76.2% subjects had good visual 
outcome while 15.8% and 8% had borderline and poor visual outcomes respectively. When 
compared to the Lumbini zone and Chitwan district study42 that was conducted in 2006 (the 
same year as our study), our study had poorer visual outcomes following cataract surgery. The 
Lumbini study reported a presenting VA of more than or equal to 6/18 in 61.4% of eyes when 
compared to 54.5% in our study. The likely explanation for this disparity is that Lumbini zone 
is primarily served by one institution and most of the subjects in the study had undergone 
surgery in the institution. Bhaktapur district does not have an eye hospital and subjects that had 
undergone surgery had probably attended several eye centers and institutions in Kathmandu 
which could have made a difference to the outcome of cataract surgery.
 The commonest cause of visual impairment was uncorrected refractive error following 
cataract surgery. The visual acuity in eyes of a large number of subjects improved after 
refraction (18.9% ≥6/18 and altogether 37.7%). This reiterates findings from studies 
conducted in this region53-56 for proper use of corrective lenses to improve visual outcome 
following cataract surgery. After best correction, coincident retinal disease (35.5%) was 
the most common cause of visual impairment and blindness. The average age of 70.3 years 
of our study subjects and the possibility of incorrect patient selection could have lead to 
this finding. The other common causes were surgical complications (27.4%) and posterior 
capsule opacification (PCO) (14.5%). Our rate of PCO was less than reports from Pakistan57 
(38%), Rajasthan study53 (38.8%) and Sivangana study58 (23%). The causes for PCO could 
not be identified in our patients. However, it can be concluded that an improvement in the 
surgery technique, selection of the type of IOL and careful postoperative follow up after 
cataract surgery is necessary to lower the incidence of PCO in the future. The vision of 9 
(4.2%) of the 212 eyes with PCO could have possibly improved to more than 6/18 had they 
received laser treatment thus emphasizing the need of lasers to be made available at the 
community centers.
 Awareness and knowledge of cataract and glaucoma was very poor. We are alarmed 
and unable to explain the reason for such a low awareness on cataract despite there being 
several cataract screening programs held in the past several years in Bhaktapur. Subjects 
mostly understood cataract as a ‘pearl like dot’ white appearance in the eye while glaucoma 
was known to cause blindness. Previous studies on cataract surgery undertaken in Nepal59 

General Discussion



Chapter 1

150

and south India60 have reported that males, literates and those affluent were more likely 
to be aware of cataract surgery. Similarly in our study males, literates and the affluent 
Brahmin and Chettri61 classes were more aware of both conditions. Majority of the subjects 
(55.8%) had never undergone an eye examination. It is well known that patient education 
programs have been successful in decreasing the morbidity of diseases62, 63 and have also 
helped improve compliance in glaucoma patients64. A novel approach to screening and 
patient education has been adopted by TIO to promote awareness, screening and follow 
up of patients.65 Therefore it need not be stressed that patient education programs will have 
to be incorporated in cataract intervention programs to raise awareness and encourage the 
people to come forth for an eye examination.
 The results of the genetic study suggest that HGF may play a role in the etiology of ACG. 
Future replication studies in different ethnic populations are necessary to confirm this firm 
association and to further explore the role of HGF in the pathogenesis of this blinding disease.
 Bhaktapur district was selected for logistical reasons and not randomly, therefore our 
findings regarding glaucoma are not representative of Nepal. However, Bhaktapur district 
has socioeconomic conditions and geographic terrains that are similar to the two neighboring 
districts, suggesting that our findings could be representative of Kathmandu valley. The 
required sample size of 4758 subjects couldn’t be fulfilled as we were not able to contact 
or convince all subjects to undergo an eye examination at the hospital, besides seventy five 
subjects had also died during the time of the survey. The major strength of our study was the 
large sample size, the high response rate (83.39%) and the comprehensive eye examination at 
the base hospital which resulted in an accurate diagnosis. We were unable to perform visual 
field testing on all subjects which could have lead to an underestimation of the prevalence of 
glaucoma. We were also unable to comment on the visual status of the non respondents. The 
principal reason for non attendance was occupation related. Hence, it was unlikely that the non 
respondents were blind from glaucoma and other eye diseases suggesting that the prevalence 
of glaucoma and visual impairment in them was less than the respondents. 
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The Bhaktapur Glaucoma Study was designed especially to determine the prevalence of 
glaucoma in one of the districts of Nepal within Kathmandu valley.. It is the first study in 
Nepal to report the prevalence of glaucoma based on the International Society for Geographic 
and Epidemiological Ophthalmology criteria and is therefore comparable to other studies 
from the world that follows the same criteria.
 The overall prevalence of glaucoma was 1.9% among subjects forty years and above. 
Primary - open angle glaucoma was the most common form of glaucoma, although the visual 
morbidity from primary angle - closure glaucoma was higher. There was an increase in the 
prevalence of glaucoma with increase in age but no significant difference was seen in gender. 
Primary –angle closure glaucoma was however three fold more common among females than 
males. The shorter axial length in females with primary angle – closure glaucoma than males 
could be one of the factors responsible for this condition to be more commonly seen among 
females. Subjects with primary angle – closure glaucoma were also older in age, which could 
be related to the thickening of the lens associated with increase in age. A large majority of 
subjects with primary - open angle glaucoma had not been previously diagnosed and most 
of them had Normal Tension Glaucoma. A positive association between intraocular pressure 
with central corneal thickness reinforces the fact that central corneal thickness can influence 
recordings of intraocular pressure while using applanation tonometry, thus suggesting that 
central corneal thickness should be measured in subjects with glaucoma in this population.
 The prevalence of visual impairment was low. The prevalence of blindness at 
presentation was 0.73 % among subjects forty years and above. Visual impairment had a 
positive association with increasing age and at presentation was significantly higher among 
females but after best correction there was no difference. Literacy had no direct association 
with visual impairment. Cataract was the principle cause of visual impairment followed 
by uncorrected refractive error. The high cataract surgical coverage suggests that cataract 
intervention programs have been successful in Bhaktapur although the visual outcome after 
cataract surgery did not meet the standards proposed by World Health Organization. The 
correction of refractive errors, preoperative screening of coincidental diseases, reduction 
in the surgical complication rates and monitoring of postoperative follow up care has to be 
addressed seriously in order to improve the outcome of cataract surgery.
 Awareness and knowledge of cataract and glaucoma was very poor in this population. 
In the future, eye care programs have to focus their activities towards promoting health 
education and creating awareness of common eye diseases to reduce of visual impairment 
and blindness in Bhaktapur district. 
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Summary in Dutch 

De Bhaktapur Glaucoma Study is ontworpen om de prevalentie van glaucoom in één van de 
districten van Nepal, in de Kathmanduvallei, te bepalen. Het is de eerste studie in Nepal die 
het voorkomen rapporteert van glaucoom volgens de criteria van de International Society for 
Geographic and Epidemiological Ophthalmology, en het is daarom vergelijkbaar met andere 
studies in de wereld volgens diezelfde criteria.
 Voor de totale populatie van mensen ouder dan veertig jaar was het voorkomen van 
glaucoom 1.9%. Primaire open kamerhoek glaucoom was de meest voorkomende vorm, hoewel 
de visuele morbiditeit van primaire gesloten kamerhoek glaucoom hoger was. Er was een 
toename van prevalentie van glaucoom met toename van leeftijd, doch er was geen significant 
verschil tussen man en vrouw. Primaire gesloten kamerhoek glaucoom kwam echter drie keer 
meer voor bij vrouwen dan bij mannen. Eén van de redenen hiervoor zou de kortere aslengte 
kunnen zijn van vrouwen vergeleken met mannen met primaire gesloten kamerhoek glaucoom. 
Mensen met primaire gesloten kamerhoek glaucoom waren gemiddeld ouder, en er zou een 
relatie kunnen zijn met het verdikken van de lens op hogere leeftijd. Een grote meerderheid 
van mensen met primaire gesloten kamerhoek glaucoom waren nooit eerder gediagnosticeerd 
en de meesten hadden glaucoom met een normale oogdruk. Een positieve correlatie tussen de 
binnenoogdruk en de centrale dikte van de cornea versterkt het feit dat de centrale corneadikte de 
binnenoogdruk kan beïnvloeden als applanation tonometrie gebruikt wordt, wat suggereert dat 
de centrale corneadikte gemeten moet worden bij mensen met glaucoom in deze populatie.
 De prevalentie van zichtverlies was lag. Blindheid kwam voor bij 0.73% van de mensen 
boven 40 jaar. Zichtverlies had een positieve associatie met toenemende leeftijd en de 
presentatie was significant hoger onder vrouwen, maar na best correctie was er geen verschil. 
Er was geen directe associatie tussen zichtverlies en geletterdheid. Staar was de voornaamste 
oorzaak van zichtverlies, gevolgd door ongecorrigeerde refractieafwijkingen. De hoge dekking 
van staaroperaties suggereert dat de staar-interventie programma’s succesvol geweest zijn 
in Bhaktapur, hoewel het visuele resultaat na staaroperaties niet volgens de standaard is als 
voorgesteld door de Wereld Gezondheidsorganisatie. De correctie van refractieafwijkingen, 
preoperatieve screening van coïncidentieziektes en het monitoren van postoperatieve zorg moet 
serieuze aandacht krijgen om de resultaten van staaroperaties te verbeteren.
 Bewustwording van en kennis over staar en glaucoom waren erg lag in deze populatie. 
In de toekomst, oogzorgprogramma’s in het Bhaktapurdistrict zouden hun activiteiten meer 
moeten focusseren op promotie van gezondheidseducatie en het vergroten van bewustzijn van 
gebruikelijke oogziektes om zichtverlies en blindheid te reduceren.
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Summary in Nepali

hnlaGb'sf] Prevalence kQf nufpgsf] nflu Bhaktapur Glaucoma Study (BGS) g]kfnsf] sf7df8f}+ 
pkTosfleq ;'? ul/Psf] xf] . of] cWoog O{G6/g];gn\ ;f];fO6L km/ lhof]u|flkms P08 cKyfNdf]nf]hL j|mfO6]
l/of df cfwfl/t 5 . hnlaGb'sf] Prevalence kQf nufpg of] g]kfns} k|yd cWoog xf] . O{G6/g];gn\ 
;f];fO6L km/ lhof]u|flkms P08 cKyfNdf]nf]hL j|mfO6]l/of df cfwfl/t ePsf]n] of] c? cg';Gwfg;Fu t'ngf 
ug{ ;lsG5 .

$) jif{ / ;f]eGbf dfly pd]/sf JolQmx?dWo] !=(Ü df hnlaGb'sf] Prevalence lyof] . ljleGg lsl;dsf 
hnlaGb'dWo] Primary Open Angle Glaucoma (POAG) ;fwf/0ftof la/fdLdf b]lvG5 . t/ Primary 
Angle Closure Glaucoma (PACG) sf] sf/0fn] cfFvfdf c? ;d:ofx? b]lvG5 . pd]/ a9\b} uPcg';f/ 
hnlaGb'sf] Prevalence a9\b} hfG5 . t/ k'?if / gf/L ju{df o;df s'g} km/s b]lv+b}g .

PACG gf/L hfltdf, k'?if hfltdf eGbf tLgu'0ff a9L b]lvG5 . gf/L hfltdf cfFvfsf] nDafO{ sd x'g] x'gfn] 
PACG a9L b]lvG5 . j[4fj:yfdf cfFvfsf] n]G;sf] rf}8fO{ a9L x'Fb} hfG5 . To; sf/0fn] PACG j[4fj:yfdf a9L 
b]lvG5 . w]/}h;f] POAG klxnf kQf nfu]sf] lyPg . To:tf la/fdLdWo] k|fodf Normal Tension Glaucoma 
ePsf] lyof] . cfFvfsf] rfk / cfFvfsf] gfgLsf] df]6f]kg Central Corneal Thickness (CCT) sf] aLr klg 
;DaGw x'G5 . cfFvfsf] rfk lnFbf CCT n] km/s kf5{ . To;}n] ;a} hnlaGb'sf la/fdLdf CCT lng'k5{ . 
Go"gb[li6 ePsf la/fdLsf] ;+Vof sd lyof] . $) jif{ / ;f]eGbf dfly pd]/sf la/fdLdf )=&#Ü df cGwfkgsf] 
Prevalence lyof] . Go"gb[li6 / j[4fj:yfsf] k|ToIf ;DaGw lyof] . To;dWo] gf/Lju{df a9L Go"gb[li6 ePsf] 
la/fdL kfOof] . r:dfsf] k|of]ukl5 Go"gb[li6sf] k|ltztdf vf;} km/s kfOPg . ;fIf/tf / Go"gb[li6aLr klg 
s'g} ;DaGw b]lvPg . df]ltlaGb' / b[li6bf]if g} Go"gb[li6sf sf/0fx? lyof] . eQmk'df df]ltlaGb'sf] zNolqmof 
a9L lyof] . To;}n] df]ltlaGb' ;DaGwL sfo{qmdx? eQmk'/df ;kmn lyof] eGg ;lsG5 . zNolqmofsf]] 
k|ltkmn eg] World Health Organization sf] u'0f:t/;Fu ldNb}gYof] . df]ltlaGb'sf] zNolqmofkl5sf] 
k|ltkmn /fd|f] ug{ b[li6bf]ifsf] pkrf/ ug{ h?/L 5 . To;}n] zNolqmof cl3 cfFvf ;GaGwL ;Dk"0f{ /f]usf] 
hfFr ug{‘k5{ . zNolqmof ;DaGwL ;d:of 36fpg'k5{ eg] zNolqmofkl5sf] cfFvf hfFr klg /fd|/L ug'{k5{ .  

Dff]ltlaGb' / hnlaGb' ;DaGwL 1fg / hgr]tgf Psbd} sd b]lvof] . eljiodf cfFvf;DjGwL sfo{qmdx?n] 
:jf:Yo lzIff / cfFvf;DjGwL /f]usf] af/]df hgr]tgf lbnfpg h?/L 5 . o;åf/f eQmk'/df Go'gb[li6 36fpg 
;lsG5 .
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