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INTRODUCTION
Glaucoma is a diverse group of eye diseases with multifactorial 
etiology, characterized by an acquired loss of retinal ganglion cells, 
progressive optic neuropathy with morphological abnormalities in 
optic nerve head (ONH) and, visual eld defects, in which raised 

1intraocular pressure (IOP) is a major and only modiable risk factor. 

The diagnosis of POAG may be delayed due to the lack of early 
symptoms. Glaucoma typically is irreversible, slowly progressive and 
usually remains asymptomatic until late. When it becomes 
symptomatic, there usually is severe damage to the visual eld of one 
or both eyes. If not treated, or inadequately treated, glaucoma often 

2results in visual impairment and blindness 

Glaucoma is a lifelong disease and is a leading cause of irreversible but 
3,4,preventable blindness (5.80%) in India next to cataract (62.50%). 

There are various risk factors, presence of which increases the 
possibility of having primary open angle glaucoma (POAG). 
Established and important risk factors for primary open-angle 
glaucoma (POAG) include age, race/ethnicity, level of intraocular 
pressure (IOP), family history of glaucoma, low ocular perfusion 

5pressure, type 2 diabetes mellitus, myopia, and thin central cornea.

,Presence of wide, deep physiological optic cup  loss of retinal nerve 
6,7ber layer (RNFL) have been observed to be the risk factors.

    
MATERIALS & METHODS
The present study was conducted on sixty patients who were diagnosed 
as Primary Open Angle Glaucoma (POAG) in a tertiary care hospital, 
during the period of September 2016 to August 2017. All patients' 
written and informed consent in their vernacular language were taken 
before including them in the study.

INCLUSION CRITERIA:
All cases that were diagnosed and treated as POAG irrespective of age 
and gender.

EXCLUSION CRITERIA:
1) Primary angle closure glaucoma
2) Secondary glaucoma
3) Congenital glaucoma
4) Cases with lenticular opacity, corneal scarring or opacity which 

would make it difcult to evaluate fundus.

Patient evaluation :

Detailed ocular and systemic history and a thorough ocular 
examination including visual acuity, refraction, tonometry, slit lamp 
biomicroscopy, gonioscopy, ophthalmoscopy, perimetry and optical 
coherence tomography (OCT) were done. 

Laboratory investigation 
Random blood sugar (RBS) was done in all cases. Patients who were 
found to have raised RBS (more than 140 mg/dl), fasting and 2 hour 
post prandial blood glucose were tested.

2Statistically Chi-Square test (χ ) ,one sample t- test (t) and Probability 
values (p) were used . p-value < 0.05 was considered statistically 
signicant.

RESULTS AND OBSERVATIONS
I. Sex

Table 1: Sex Distribution

2χ  = 7.82, p = 0.0052

 This study reveals a higher incidence of primary open angle glaucoma 
in males (76.67%) than in females (23.33%). (p = 0.0052)

II. Age

Table 2: Age Distribution

 2χ = 11.715         p value = 0.006

In this study population, 49 patients (81.67 %) were above 40 years of 
age. 18.33% below 40 years, 56.67% between 41-60 years and 25% 
patients were 60 years and above. 

thMaximum numbers of patients were in the 5  decade -21 patients 
(35%). The youngest case in the study population was 19 years old 
while the oldest was 82 years old. The mean age of presentation was 
51.02 years

Aim : To analyse the risk factors of primary open angle glaucoma
Methods: The study was conducted on sixty patients diagnosed as Primary Open Angle Glaucoma (POAG). Detailed 

history and a thorough ocular examination including visual acuity, refraction, tonometry, slit lamp biomicroscopy, gonioscopy, ophthalmoscopy, 
perimetry and optical coherence tomography (OCT) were done.
Results:Age, sex, intra-ocular pressure, myopia, loss of RNFL thickness, hypertension were found to be signicant risk factors in primary open 
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SEX Number of cases Percentage
Male 46 76.67
Female 14 23.33
Total 60 100%

Age in years 19-40 41-60 >60
Males 6 29 11
Females 5 6 3
Total 11 34 15
PERCENTAGE 18.33% 56.67% 25%
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III. FAMILY HISTORY
Table 3 :family History

2p = 0.367, χ  = 0.81

In this study, family history i.e. in rst degree relatives (parents, sibling 
or offspring) was found to be positive in 35% of cases. This 
relationship between positive family history and primary open angle 
glaucoma is not signicant. (p = 0.367). 

IV. INTRAOCULAR PRESSURE ( IOP )
Table 4 : Iop Distribution

a) Right eye

b) Left eye

Majority of the cases, i.e. 43 right  eyes (71.67%) and  51 left eyes 
(85%) respectively had IOP in range of 21-30mm Hg at presentation. 

2This observation was statistically highly signicant (p =0.0002,χ  = 
13.738) 

Only one case had IOP more than 40mmHg in left eye. Of all the cases, 
12 right eyes and 4 left eyes presented with IOP less than/equal to 
20mmHg. The highest pressure recorded was 42mmHg. The mean IOP 
at presentation was 24.47 mmHg (right) and 25.07mmHg (left).

V. CENTRAL CORNEAL THICKNESS
Table-5 : Central Corneal Thickness Distribution

p= 0.2075, t = 1.838

It is evident that, out of 120 screened eyes, 19 right eyes(31.67%) and 
16 left eyes(26.67%) had central corneal thickness in range of 501to 
520µm.

Table 6: Statistics Of  Central Corneal Thickness Distribution

In this study, the mean central corneal thickness is 504.9µm (right) and 
513.73µm (left). Highest central corneal thickness recorded was 
577µm and lowest was 440µm. Irrespective of the eyes, mean central 
corneal thickness was 509.315±30.66 µm.

VI. RETINAL NERVE FIBRE LAYER THICKNESS
Table -7: Average Rnfl Thickness Distribution

In our study, we found the mean thickness of retinal nerve ber layer to 
be 71.6 ±15.03 µm in right eye and 70.78±17.86 µm in left eye. 
Irrespective of eyes, maximum RNFL thickness was found to be 
96.12µm , while the minimum was 14µm.

VII. REFRACTIVE ERRORS
Table 8 : Refractive errors distribution

It is observed that the number of myope were equal or more than 
hypermetrope in the sixty POAG patients. With respect to the patients 
attending our outpatient department , this was highly signicant(p = 
<0.0001, χ2 = 146). 50% of the cases were myopic.

VIII. CUP DISC RATIO (Vertical)
Table 9 : Cup disc ratio in both eyes

As it is evident, maximum number of eyes had vertical cup disc ratio of 
0.6: 1 (34%), next was 0.8:1 cup disc ratio (19.16%). Only 9 eyes 
(7.5%) had vertical cup disc ratio as 0.4:1. There was no difference 
between right and left eyes. This distribution had signicant 

2 relationship with development of POAG in this study.(p = 0.0156, χ = 
5.845)

IX.DIABETES MELLITUS
Table 10 : Diabetes mellitus distribution in study population

p=0.259

Out of sixty patients, in our study twenty-two patients were diabetic.
 
X. HYPERTENSION
Table 11 :Hypertension distribution among study population

2 p value = <0.0001, χ = 127

In this study, out of 60 POAG cases 20(33.3%) cases were 
hypertensives and the remaining 40 cases (66.7%) were non 
hypertensives. In this study group presence of hypertension is found to 
be signicantly related to primary open angle glaucoma. 

DISCUSSION
SEX DISTRIBUTION:
In this study , males were found to have primary open angle glaucoma 
three times more than females. (M:F ratio = 3.3:1). It is observed that 
majority of the cases occurred among males (76.67%) than among 
females (23.3%). In this study p value= 0.0052 shows that POAG 
being common in females is statistically significant. [Table – 1]. 

8 A study done earlier in 2003, the Aravind Comprehensive Eye Survey , 
also found that males have increased risk of developing POAG in 

9 comparison to females. (M:F = 2.2:1). The Rotterdam Study (1994) 
also found that males were  three times more common than females to 
be diagnosed with POAG.
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Cases (n) Percentage (%)
Positive family history 21 35%
Negative family history 39 65%

IOP (mm of Hg) No. of cases Percentage (%)
10-20 12 20
21-30 43 71.67
31-40 5 8.33

IOP (mm of Hg) No. of cases Percentage (%)
10-20 4 6.67
21-30 51 85
31-40 4 6.67
>40 1 1.67

Right eye Left eye
440-460 5 5
461-480 8 7
481-500 19 16
501-520 10 13
521-540 5 6
541-560 11 11
561-580 3 2

Mean RIGHT EYE 
504.9

LEFT EYE 
513.73

Standard deviation 32.34 28.98
Standard error of mean (SEM) 4.175 5.04
95% Confidence Interval 513.1 496.7 523.6 503.9
Minimum 440 451
Maximum 577 567

thMedian (50  percentile) 500 512

Mean RIGHT EYE 71.6 LEFT EYE 70.78
Standard deviation 15.03 17.86
Standard error of mean 
(SEM)

1.94 2.31

95% Confidence Interval 75.4 67.8 75.3 66.26
Minimum 41.32 14
Maximum 96.12 92.27

thMedian (50  percentile) 75.66 77.24

Right eye Left eye
Myopics 31 (51.67) 29 (48.33)
Hypermetropes 27 (45) 29(48.33)
No target found 2 (3.33) 2 (3.33)

Right eye Left eye
0.4:1 6 3
0.5:1 11 11
0.6:1 19 22
0.7:1 11 9
0.8:1 11 12
0.9:1 2 3

Cases Percentage (%)
Cases with diabetes 22 36.67%
Cases without diabetes 38 63.33%

POAG cases percentage
Hypertensive cases 20 33.3
Non hypertensive cases 40 66.7



Table 12- : Sex Distribution In Different Studies Done By Other 
Authors

Few population based studies like the Blue Mountain eye disease 
11study   found higher incidences of females than males.

In our study population, this male preponderance was found in all age 
groups. Most of the mentioned studies were population based studies 
instead of ours being hospital based and socio-economic and cultural 
constraints play an important role, leading to neglect and  under-
reporting of females with POAG. Most of the young female population 
detected in this study  (45.5%), were chance nding in females who 
came for their supposedly refractive error correction or doubted to 
have cataract due to high grade of suspicion. 

AGE DISTRIBUTION :
It is evident from our study that primary open angle glaucoma is more 
common in elderly population, particularly in the fth decade and 
above, nearly 60% of total positive cases were above 50 years of age. 
Mean age at presentation being 51 years. Highest numbers of cases 
were in age group 40-60 years range (58.33%) and among these 

thpatients 57% cases were in 5  decade. [TABLE -2].

The mean age in our study was comparable with other Indian studies. 
Marginally high mean age appears due to the lower cut off age 

10 mentioned by these studies ; study done by Narayan M et al and 
12Tidake P et al   had xed the lower age of patients as 45 years and 40 

years respectively. 

In the Blue Mountain Eye Study the average study population was 66 
years and it has been recorded that POAG occurs in relatively younger 

13population in the Indian subcontinent.

Table 13 - : Mean Age Distribution In Different Studies By Other 
Authors

In our study we found less percentage of POAG patients in age group 
50-70 years than other mentioned studies as signicant number of 
young POAG patients were found in 41-50 years age group (18.33%) , 
due to better than before diagnostic approach  for OAG being followed 
in our institution. Also majority of these population based studies have 
taken age group less than 40years as their exclusion criteria.

FAMILY HISTORY
35% of patients of our study population had their rst degree relatives 
having open angle glaucoma.[Table – 3] First degree relatives include 
parents, son/daughter and siblings. But this association was not found 
signicant with POAG. (p= 0.38) There have been many studies 
supporting this view like the Baltimore Eye Survey and Blue Mountain 
Eye Study.

Unawareness on the part of patient and their relatives regarding 
.familial nature of POAG was a limitation in this study.  

INTRAOCULAR PRESSURE
In our study, mean IOP out of 120 examined eyes were 24.77 ± 4.27 
mmHg (95% CI 25.53-24.00) at presentation. 71.67% of right eyes and 
85% of left eyes , i.e. 78.3% of 120 POAG eyes had intraocular 
pressure in range of 21 to 30mmHg. [Table -4] Highest recorded IOP 
was 42mmHg and lowest was 16mmHg. [Table-4]

Our values are comparable with hospital based study done by Tidake et 
12 8al  and  Ramakrisnan et al  .

Table 14 :Study done by other authors showing mean intraocular 
pressure

Many population based studies have shown less mean IOP like – Early 
6Manifest Glaucoma Trial , mean IOP -15.92 ± 3.60 mmHg and 

14 Barbados Eye Study showed mean IOP  as 18.7 ± 5.2 mmHg.  A 
reason could be, in population based study in comparison of ours being 
hospital based study, where patient report only when they are 
symptomatic with raised IOP. 

CENTRAL CORNEAL THICKNESS
In our present study, mean central corneal thickness of the 120 
examined eyes (n=60) was found to be 509.32±30.66µm[Table -
6].This was statistically not signicant.(by one sample t-test, p= 
0.2075, t = 1.838)

It was found that mean CCT for the right eye was 504.9 ± 32.34µm and 
for the left eye was 513 ± 28.98µm.[Table 6]

Table 15: Mean Central Corneal Thickness By Other Authors

As it is evident from the table , our results are comparable with the 
mean CCT found in these studies.  

RETINAL NERVE FIBER LAYER THICKNESS
In our study, the average RNFL thickness came as 71.89 ±16.44 µm 
(95%CI – 74.85, 68.93). There was no difference in the laterality of 
RNFL thickness loss. (mean RNFL right eye-71.51µm  and mean 
RNFL left eye -70.86µm ) [Table-7]

Table 16 : average RNFL thickness as per other authors

Our study was consistent with study of Sahli et al (2012), where global 
18average RNFL thickness was found to be 70.48 ± 21.84µm

MYOPIA
In our study, we found 50% of the patients to be myopics. [Table -8] All 
the myopics were either mild or moderate myopics. Majority of cases 
were mild myopics (upto -3D). There was found a strong relationship 
between myopia and development of POAG. (p < 0.0001)

Our study has been found to be consistant with the Blue Mountain 
19 20. Study(1996),  the Barbados Eye Study (1996)  Among Indian 

studies, Aravind Comprehensive Eye Survey found association of 
myopia with POAG.

CUP DISC RATIO
Mean vCDR (vertical cup disc ratio) of both eyes is 0.632 ± 0.129. 
Maximum cup disc ratio found in both eyes is 0.9:1 and minimum is 
0.4:1[TABLE - 9 ] 34% of the eyes had vCDR  as 0.6:1. vCDR  of this 

21study is comparable with that of  Kwon et al  , where it was found that 
th99.5  percentile of the population had vertical optic cup disc ratio as 

0.64:1 .

22 Mukesh et al found that cases with cup disc ratio more 0.7:1,had more 
chance of developing POAG. It might be argued that a larger cup-disc 
ratio is not a risk factor for developing POAG but rather an indicator of 
early glaucomatous damage. A patient with a large cup-disc ratio 
unaltered by glaucoma may be at greater risk for developing POAG. 

6Hence it has both prognostic signicance as well as predictive one too.

DIABETES
Out of 60 patients , in our study 22 (36.67%)  patients were found to be 
diabetic.[Table -10 ]. This association was found to be insignicant.(p 
= 0.259).Our study is found to be consistent with the studies of Kahn et 

23 24 al  and Tielsch et al .

There are many studies like those done by Dielemans et al (the 
25 26.Rotterdam Study.) , Mitchell P et al (the Blue Mountains Eye Study)  
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Authors Male POAG (%) Female POAG (%)
10Narayan et al(2016) 58 42

Ramakrishnan et 
8al(2003)

68.75 31.25

Our study 76.67 23.3

Authors Mean age (years)
13The Blue Mountain Study (1996) 75.9 ±  8.6

10Narayan M et al (2016) 55.26 ± 2.36
12Tidake P et al (2017) 54.22 ± 13.28

Our study 51.02 ±13.63

Authors Mean IOP (mmHg)
8Ramakrisnan et al 20.73±8.02

12Tidake et al (2017) 27.49 ± 5.50
Our study 24.77 ± 4.27

 Authors Mean CCT ± SD (µm) in POAG
15Borgohain Y (2008) 499±37.86

16Tolesa K et al (2016) 506.69 ± 35.08 
17Borkotoky R(2014) 501.3 ± 54.3

Our Study 509.32± 30.66

Authors Average RNFL thickness in POAG pt. (µm )
12Tidake et al (2017) 75.55

18Sahli et al (2012) 70.48
Our study 71.19



These variations and heterogeneity is found in various studies due to 
difference in diabetes developing propensity in various ethnic groups 
and also due to inconsistent sample collection methods.

HYPERTENSION
In this study, out of 60 POAG cases 20(33.3%) cases were 
hypertensives and the remaining 40 cases (66.7%) were non 
hypertensives.This association was found to be signicant (p<0.0001). 

27[Table-11] This result is consistent with studies of Mitchell et al   ,  
28  Bonomi et al (the Egna-Neumarkt Study)  where hypertensive 

patients have been seen to have increased risk of developing open 
angle glaucoma.

CONCLUSION
From the present study, we draw the following conclusions :
Ÿ Major risk factors found in this study were male patients in elderly 

age group, myopia and hypertension .
Ÿ Examination tools found to be signicantly correlating with 

POAG development were loss of RNFL thickness and large 
vertical optic cup disc ratio (vCDR).

Ÿ Strength of our study was total coverage and screening of all 
glaucoma patients attending  OPD  in this one year study period 

Ÿ This study was hospital based cross-sectional study and this is its 
limitation.

Ÿ Unawareness and ignorance on part of general populations have to 
be alleviated regarding nature of primary open angle glaucoma.
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