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Abstract
Objective: To determine the prevalence of glaucoma in first-degree relatives of patients 
with primary open-angle glaucoma (POAG) and normal tension glaucoma (NTG).
Methods: Observational study of first-degree relatives of patients with POAG and NTG 
who were screened for glaucoma.
Results: A total of 66 first-degree relatives of patients with glaucoma (POAG/NTG) were 
included in the study. We found a prevalence rate of 16.6%: 13.6% were diagnosed to 
have the disease and 3% were newly detected to have glaucoma during the study. We 
found that although 66.7% of the subjects were aware of the family history of glaucoma, 
only 36.4% were aware that they were at increased risk of developing glaucoma.
Conclusion: In our study, we found high prevalence of glaucoma in first-degree relatives 
of patients with glaucoma. This highlights the importance of selective screening of 
high-risk groups such as first-degree relatives of patients with POAG/NTG.
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Introduction
Glaucoma is the most common cause of irreversible blindness worldwide.1 In 
southern India, the prevalence of open-angle glaucoma is estimated to be 1.6% of 
the population, with more than 98% being unaware that they have the disease.2

Primary open-angle glaucoma (POAG) has a genetic or familial component. It 
is believed that the genetic influence occurs through polygenic or multifactorial 
transmission. Reportedly, 5–50% of cases of POAG are hereditary, with the best 
estimate being 20–25%. The risk of developing POAG in first-degree relatives is 
4–16%.3-5 The disease has a hereditary component and becomes more prevalent 
with age.

POAG progresses very slowly and is usually asymptomatic until late in its course, 
so affected individuals can develop severe damage before they seek professional 
help. POAG has been shown to be more prevalent in first-degree relatives, so 
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their screening for glaucoma is important. Various studies have reported different 
prevalence depending on the population sampled, the age of the individuals 
studied, the techniques of examination, and the definitions of glaucoma used. 

Methods 
This was a prospective study of first-degree relatives (parents, siblings, and 
offspring) of patients with POAG and normal tension glaucoma (NTG). Patients 
with POAG or NTG were requested to give contact details of their first-degree 
relatives. These first-degree relatives were then contacted and requested to get 
screening tests for glaucoma done. Informed consent was taken from all the 
subjects. The study was approved by the hospital ethics committee.

Those with media opacity due to which fundus could not be visualized or perim-
etry could not be done, or patients with other macular or neurological problems 
that could affect the test results were excluded from the study.

Subjects underwent detailed ophthalmic examination including visual acuity 
(using Snellen’s chart), slit lamp examination, intraocular pressure (IOP) measure-
ment with Goldmann applanation tonometry, gonioscopy using Goldmann single 
mirror gonioscope, and fundus examination with a 90 D lens. Pachymetry was 
done using the Alcon Ocuscan RxP ultrasound pachymeter. In cases where disc 
findings were suspicious, visual field analysis was done using the Zeiss Humphrey 
Field Analyser Model 750. When the visual field showed glaucomatous defects, a 
second field was repeated to confirm the presence of the defects. Glaucomatous 
disc changes included vertical C:D ratio > 0.6, focal notch, NRR < 0.1 in superior 
or inferior quadrant, disc haemorrhage, nerve fibre layer loss, and cup asymmetry 
between the two eyes of > 0.2 when disc size was the same for both eyes. Subjects 
were labelled as having glaucoma when the field defect met Anderson’s criteria 
for glaucoma diagnosis. Subjects were also asked if they knew the fact that 
their first-degree relative suffered from glaucoma and the response was noted. 
Subjects were also asked if they knew that being first-degree relatives of a patient 
with glaucoma increased their risk of developing glaucoma.

On the basis of test results participants were classified as:
1.	 Definite glaucoma: glaucomatous disc with corresponding field defect and/

or IOP ≥ 21 mmHg.
2.	 Glaucoma suspects: normal HFA, but IOP ≥ 21 mmHg and/or suspicious, but 

not unequivocally glaucomatous disc appearance.
3.	 Normal: normal optic disc, IOP < 21 mmHg.

Results
A total of 66 subjects who satisfied the inclusion and exclusion criteria were 
included in the study. The age of the subjects ranged from 19-80 years with a 
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mean age of 49.6 ± 12.5 years. The study population included 38 males (58%) and 
28 females (42%). Of the 66 first-degree relatives examined during the study, 23 
were siblings (34.8%) and 43 were offspring (65.2%). In our study, there were no 
parents.

Forty-four subjects (66.7%) were aware of the fact that their first-degree relative 
had glaucoma and 42 (63.6%) subjects responded negatively when inquired if 
they knew they were at increased risk for developing glaucoma. Nine subjects 
were already diagnosed as POAG/NTG and five cases as glaucoma suspects, shown 
in Table 1. Of the 14 patients classified as glaucoma and glaucoma suspects, 10 
(71.4%) were males and 4 (28.6%) were females. Seven were siblings and seven 
were offspring of POAG/NTG patients. Table 2 shows 17 subjects were newly 
diagnosed as either POAG/NTG (2) or glaucoma suspects (15).  Overall, our study 
categorized a total of 66 subjects, as shown in Table 3.

Thus, in our study we found the prevalence of glaucoma in first-degree relatives 
to be 16.7% with an additional 30.3% subjects as glaucoma suspects. Of the total 
11 glaucoma subjects diagnosed, 8 were siblings while 3 were offspring. 

Table 1. Subjects already diagnosed as glaucoma and glaucoma suspects 

Frequency Percentage (%)

Glaucoma suspect 5 35.7

 Glaucoma 9 64.3

Total 14 100.0

Table 2. Subjects newly diagnosed as glaucoma and glaucoma suspects

Frequency Percentage (%)

Suspect 15 88.2

POAG/NTG 2 11.76

Table 3. Total number of subjects included in the study

Frequency Percentage (%)

Normal 35 53.0

Suspect 20 30.3

 Glaucoma 11 16.7

Total 66 100.0

Discussion
Positive family history is an important risk factor for the development of POAG.3,4 
Early detection of the disease is crucial in slowing down glaucomatous damage 
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and minimizing irreversible vision loss, but an effective mass screening program 
for glaucoma has not yet been developed. One possible strategy for enhancing 
the effectiveness of glaucoma screening programs is to focus on high-risk popula-
tions such as those who have a family history of the disease.

We included all first-degree relatives of patients with a family history of POAG/
NTG willing to participate in our study irrespective of age. In the Glaucoma Inher-
itance Study in Tasmania,3 all the relatives were included in the study, with age 
ranging from 13 to 97 years. We included all first-degree relatives who were willing 
to come to the hospital for examination in our study. Age range in our study was 
19-80 years. Other studies set a lower age limit for subjects to be included: in 
Vegini et al.5 the lower limit was 30 years; in Nguyen et al.6 the lower limit was 35 
years; and in the Beaver Dam Eye study the lower limit was 43 years.7 We included 
all first-degree relatives in our study, which may affect the study outcome, as 
young subjects are less likely to develop glaucoma and therefore project a lower 
prevalence.

The average age of the study population was 49.6 years (S.D 12.5) with a 
median of 48.5 years, similar to studies done by Vegini et al.5 and Nguyen et al.,6 
but lower than many other studies.3,4,8 Our study included 34.8 % siblings and 
65.2% offspring. 

The Glaucoma Inheritance Study in Tasmania5 and other states in Australia 
examined 442 individuals from five pedigrees with a strong positive family history 
of POAG (not only first-degree relatives), of which 11% had a prior diagnosis of 
POAG, 2% had glaucoma-suspect status, and 16% were newly diagnosed (7% 
POAG and 9% suspects). Prevalence rate in first-degree relatives was 38.6%. We 
found a prevalence rate of glaucoma of 16.7% with 13.6% previously diagnosed 
and 3% as newly diagnosed cases. This variation in the prevalence may be due 
to the fact that the Glaucoma Inheritance study in Tasmania was a broad-based 
study with a large subject size, so most of the first-degree relatives were included 
in the study.

The Rotterdam Eye Study8 investigated the familial aggregation of POAG by 
examining the first-degree relatives (siblings and children) of 45 of the 48 cases 
of glaucoma identified, as well as a matched set of controls. The prevalence of 
glaucoma was 10.4% in siblings of patients and 1.1% in offspring of patients. This 
is similar to our study, where we found a prevalence rate of 12.1 % in siblings of 
patients and 4.5 % in offspring of patients.

The study by Nguyen et al.6 examined 86 relatives from 15 families with chronic 
open-angle glaucoma (OAG), including 50 first-degree relatives. In these 50 
first-degree relatives, 11 siblings (22%), 4 children (8%), and 3 (6%) parents were 
diagnosed with glaucoma, for a total glaucoma prevalence rate of 36% in first-de-
gree relatives. The difference in the results may be due to the fact that the study 
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done by Nguyen tried to include most of the relatives in these families, while in 
our study not all first-degree relatives could be included in the study.

The Barbados Family Study4 investigated the potential role of inheritance of 
OAG among families of African origin. A total number of 1056 relatives were 
included in the study, of which 865 were first-degree relatives (21 parents, 181 
full sibling, 157 half sibling, and 506 offspring). Prevalence rates among them was 
0.9% for parents, 4.5% for full sibling, 3.23% for half sibling, and 1.3% for offspring. 
The difference in our study results could be due to the fact that not all first-degree 
relatives were included in the study; racial factors might also play a role.

The study by Vegini et al.5 examined 101 first-degree relatives accompanying 
POAG patients to the hospital. They found the prevalence rate of glaucoma 
among these first-degree relatives to be 16.8%, with 10.9% previously diagnosed 
cases and 5.9% freshly diagnosed cases. This result is similar to our study, where 
we found a prevalence rate of 16.6 %, with 13.6% previously diagnosed cases and 
3% newly diagnosed cases.

In a study by Kong et al.9 of 531 first-degree relatives screened, 67 (12.62%) were 
identified to have POAG, a rate eight times higher than that of the control group 
(8 of 526, 1.52%). The effect of family history on parents, siblings, and offspring of 
probands was statistically significant, with OR values of 6.92 (95% CI: 1.90–25.18), 
11.29 (95% CI: 3.63–35.11), and 11.35 (95% CI: 1.69–76.21), respectively. In the 
case of glaucoma suspects, a significant effect was found for both family units 
(OR 5.60; 95% CI: 1.15–27.21) and offspring (10.83 OR; 95% CI: 1.34–87.73).

In a south Indian study by Rajendrababu et al.10 of 514 first-degree relatives of 
POAG patients examined, 68 (13.3%) had definite glaucoma while another 28 
(5.5%) were either ocular hypertension or glaucoma suspects. This result shows 
nearly similar prevalence rates to our study.

Limitations of our study include the small sample size and the fact that we could 
not include all first-degree relatives of glaucoma patients, therefore the results 
might not reflect the actual prevalence. The reasons why not all first-degree 
relatives could be included were: migration of relatives to different cities, inability 
to come to the hospital for examination, and lack of interest for the examination. 
This again projects the difficulty in screening all first-degree relatives of glaucoma 
patients. Furthermore, we compared our results mostly with non-Asian countries, 
which may also account for a difference in prevalence rates. 

Our study found that 66.7% of the subjects were aware of the family history of 
glaucoma, but only 36.4% were aware that they were at increased risk of devel-
oping glaucoma. In a study by Friedman et al.11 among 102 probands and 100 (of 
230 eligible) family members who were interviewed, 21% of both groups were not 
aware that OAG is hereditary. This shows the lack of awareness about increased 
hereditary risk of glaucoma among the general population. Although the subjects 
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were aware of the fact that their relative had glaucoma, they did not know that 
they were at increased risk and needed to undergo glaucoma screening. 

Our study emphasizes the need for screening first-degree relatives of patients 
with POAG/ NTG. Selective screening of first-degree relatives of POAG/NTG 
patients helps in early disease diagnosis. We also need a large population-based 
study to find out the prevalence rates of glaucoma in relatives of glaucoma 
patients among the Indian population.
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