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Abstract
Background/Objective: This was a prospective study of patients diagnosed with adult-onset Primary Open Angle Glaucoma (POAG) 
at the Glaucoma Clinic at the University of Port Harcourt Teaching Hospital, Nigeria. The objective of the study was to determine the 
ocular phenotypic features of patients with adult-onset glaucoma. 

Materials and Methods: Clinical assessment of patients combined with findings from clinical records and interviewer administered 
semi-structured questionnaire were used to obtain data from the respondents between January and December 2021. Results: One 
thousand two hundred (n = 1200) adult POAG patients aged ≥ 40 years were recruited. The mean age of the subjects was 56.5 ± SD 
22.3 years. Male-female ratio was 2.9:1. The mean central corneal thickness (CCT) was 532 ± SD 8.6 µm and average intraocular pres-
sure (IOP) was 31.3 ± SD 11.2 mmHg. Nine hundred and three subjects (n = 903;75.3%) had high intraocular pressure (≥ 22 mmHg). 
Over 25% had poor ocular perfusion pressure (≤ 40mmHg). Six hundred and forty-seven (n = 647; 53.9%) had positive family history 
of glaucoma (first degree relatives) while 234 (19.5%) had positive family history of glaucoma (second degree relatives). Eight hun-
dred and twenty (n = 820; 68.3%) subjects had cupping of the optic disc (VCDR ≥ 0.7). All the study participants had II to IV degree 
of open drainage angle on gonioscopy. 

Conclusion: Thin CCT, high IOP, large VCDR poor OPP, and open drainage angle are noticeable ocular phenotypic features of adult-
onset primary open angle glaucoma. Early detection through community-based case detection using these parameters could help in 
reducing the scourge from POAG. 
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Introduction

Glaucoma is the second commonest cause of blindness after 
cataract and a leading cause of irreversible blindness; accounting 
for 0.3% of blindness in the world [1,2]. Glaucoma is also the lead-
ing cause of irreversible blindness in Nigeria - being responsible 
for 15 - 20% of blindness in Nigeria [3]. Primary open angle glau-
coma disproportionately affects individuals of African ancestry 
and is the most common cause of permanent blindness in Africa 
[4] and the Africa region has the highest incidence and prevalence
of glaucoma [5]. 

Adult-onset Primary open-angle glaucoma is the most preva-
lent variant in Nigeria; and the Niger Delta Region has the highest 
number of glaucoma patients in Nigeria - being responsible for  for 
20.8% of bilateral blindness [6]. POAG is usually asymptomatic un-
til it progresses to irreversible blindness. Most patients in Africa 
have poor or inadequate knowledge of glaucoma, and therefore 
present very late for clinical evaluation and treatment. In addition, 
there is often reluctance in the acceptance of medical and surgical 
intervention among African populations [7-9]. 
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Most ophthalmologists consider that blindness from POAG can 
be prevented if the pre-symptomatic stages are detected early and 
corresponding adequate treatment instituted. It has been reported 
that there may be 40 - 50 percent structural axonal loss before any 
significant functional change is detected [10]. There is therefore a 
need to improve on the methods of early diagnosis by being able 
to identify the phenotypic characteristics of adult-onset POAG to 
enhance preclinical screening, early diagnosis and treatment of in-
dividuals at risk. 

The genetic constitution or makeup of an individual determines 
their hereditary potentials, physical structure, manifestations 
and functions (phenotype). During transcription, the information 
stored in a gene’s DNA is transferred to messenger ribonucleic acid 
(mRNA) in the cell nucleus. The mRNA interacts with a ribosome, 
which “reads” the sequence of mRNA bases. Each sequence of three 
bases (codon) usually codes for one particular amino acid which 
is the building blocks of proteins. Many important risk factors 
and features of adult-onset primary open angle glaucoma (POAG) 
such as the central corneal thickness (CCT), intraocular pressure 
(IOP), trabeculum meshwork (TM), drainage angle, cup-disc-ratio 
of the optic disc head and retinal nerve fiber layer thickness are 
heritable traits and are likely determined in part by the actions of 
genes are controlled by a number of genes as well as environmen-
tal influences [11-14].

This study investigates the ocular phenotypic features of adult-
onset POAG patients attending the Glaucoma Clinic of the Univer-
sity of Port Harcourt Teaching Hospital in Southern Nigeria Knowl-
edge and the identification of the ocular phenotypic features of the 
disease will be invaluable in the early diagnosis and treatment of 
the disease, leading to overall improvement in the management of 
POAG.

Materials and Methods

This was a prospective study of 1,200 patients attending the 
Glaucoma clinic, department of ophthalmology at the University 
of Port Harcourt Teaching Hospital, Nigeria; diagnosed with adult-
onset Primary Open Angle Glaucoma (POAG). The study was car-
ried out between January and December 2021. Measurement of 
the distant and near visions of consenting subjects was done at a 
distance of 6 meters with the aid of illuminated Snellen’s chart, pin 
hole and at 40 cm for near vision. Basic ocular examinations (which 
included evaluation of the eyelids, the globe, cornea, pupil and the 

lens) were done with the aid of a bright pen touch and slit lamp-
Topview optics’slit lamp-LS-4. Fundoscopy was carried out with 
+78D lens. Pupillary dilatation was achieved using Mydriacyl 0.5% 
after refraction and measurement of the intraocular pressure. In-
traocular pressure measurement was done using Perkin’s appla-
nation tonometer (MK2-model), after instilling local anaesthetic 
agent (1% tetracaine) and fluorescein dye into the conjunctival 
sac. IOPs was measured in both eyes three consecutive times. The 
measurements were done with the subjects in sitting position. The 
mean IOP value was adopted. CCT measurements were obtained 
with ultrasonic pachymetry (Tomey SP-3000, Tomey Ltd, Japan.) 
under topical anesthesia with tetracaine 1%. Measurements were 
obtained three times from the center of the cornea and the average 
reading was adopted. All the measurements were carried out by 
the lead-author to avoid inter-observers’ error.

The data obtained were entered into Microsoft Excel sheet, 
cleansed and later exported to IBM Statistical Package for Social 
Sciences (SPSS) version 25 software (SPSS) Inc; Chicago, IL, USA 
for statistical analysis. Relevant data were presented in tables and 
charts. Statistical significance was performed using Chi square and 
statistical significance was set at p ≤ 0.05.

Results

The age-gender distribution of the study population is pre-
sented in table 1. One thousand two hundred adult-onset POAG 
patients (≥ 40 years) were seen during the period of this study 
representing 60.4% of the total number of glaucoma patients seen 
during the same period. The mean age of the study population was 
56.5 ± SD 22.3 years. Age range was 40 to 88 years and male-female 
ratio was 2.9:1. The modal age group was 60 - 69 years. The differ-
ence in the ages of the participants was statistically significant (p 
= 0.000) (Table 1).

Table 2 depicts the ocular characteristics (CCT, VCDR) and fam-
ily history of glaucoma among the subjects recruited in the study. 
The mean central corneal thickness (CCT) was 532.5 ± 8.6µm. 
Eight hundred and twenty-eight (69.0%) of the subjects had thin 
central corneal thickness (< 500µm); 238 (19.9%) had average 
central corneal thickness (501 - 570 µm) while 134 (11.1%) had 
thick central corneal thickness (> 570µm). This difference in the 
central corneal thickness among the study population was statisti-
cally significant (p = 0.000).
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No Male (%) No Female (%) Total (%) Chi Square Value P-Value
Age Group 32.333 0.000
40 – 49 85 (7.1) 35 (2.9) 120 (10.0)
50 – 59 314 (26.1) 96 (8.0) 410 (34.1)
60 – 69 440 (36.7) 120 (10.0) 560 (46.7)
70 - 79 32 (2.7) 33 (2.8) 65 (5.5)
80 and Above 28 (2.3) 17 (1.4) 45 (3.7)
TOTAL 899 (74.9) 301 (25.1) 1200 (100)

Table 1: Age-gender distribution of the study population. 

Variable

Distribution in Adult 
Onset POAG Cases

(N) (%)

Chi Square P-Value

Central Corneal Thickness (CCT)

Thin Cornea (≤500µ)

Average Cornea (501-570 µ)

Thick Cornea (> 570 µ)

TOTAL

828 (69.0)

238 (19.9)

134 (11.1)

1200 (100)

324.225 0.000

Vertical Cup Disc Ratio (VCDR)

≥ 0.7

0.5 – 0.65

≤ 0.45

TOTAL

820 (68.3%)

360 (30.0)

20 (1.7)

1200 (100)

76.090 0.000

Positive Family History of Glaucoma

First Degree Relative

Second Degree Relative

Unaware

TOTAL

647 (53.9)

234 (19.5)

319 (26.6)

1200 (100)

573.994 0.000

Table 2: Ocular characteristics of subjects recruited for the study.

Eight hundred and twenty subjects (68.3%) had abnormally 
large cupping of the optic disc (VCDR ≥0.7) while three hundred 
and sixty (30%) had suspicious cupping (VCDR 0.5 - 0.65) and nor-
mal VCDR were exhibited by 20 (1.7) respondents. The difference 
in the VCDR of the respondents in this study was statistically sig-
nificant (p = 0.000). 

Six hundred and forty-seven (53.9%) had positive family his-
tory of glaucoma (first degree relatives) while 234 (19.5%) had 
positive family history of glaucoma (second degree relatives). 

The mean intraocular pressure (IOP) of the patients at presen-
tation was 31.3 ± SD 11.2 mmHg. Nine hundred and three subjects 
(75.3%) had high intraocular pressure (≥ 22mmHg).
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Discussion

A total of 1,200 consenting subjects aged 40 years and above 
were recruited into this study representing 60.4% of the total num-
ber of glaucoma patients seen during the same period. The age-
gender distribution of the study population is presented in table 
1. The mean age of the study population was 56.5 ± SD 22.3 years. 
Age range was 40 to 88 years and male-female ratio was 2.9:1. The 
modal age group was 60 - 69 years. The difference in the ages of the 

participants among the various age groups was statistically signifi-
cant (p = 0.000) (Table 1).

This study corroborates with the work of Awoyesuku., et al 
where there was also male preponderance in a retrospective study 
of 98 glaucoma patients with mean age of 49.7± 14.06 years in a 
Southern Nigerian tertiary hospital [15]. Many researchers have 
also, identified age to be a major risk factor for POAG [16-18].

The central corneal thickness (CCT) is a phenotypic feature of 
POAG associated with a strong heritability trait11,19. Studies sug-
gest that subjects of African descent African have thinner corneas 
than Caucasians and harbor a higher incidence and prevalence of 
glaucoma [20-23]. CCT affects the accuracy of intraocular pres-
sure (IOP) measurement by applanation tonometry,thicker cor-
nea requires greater force to flatten and, conversely, a thinner cor-
nea is more easily flattened, thus a thinner cornea may give rise to a 
falsely lower IOP than the actual value [24]. In this study, the mean 
central corneal thickness (CCT) was 532.5 ± 8.6µm. Eight hundred 
and twenty-eight (69.0%) of the subjects had thin central corneal 
thickness (< 500µm); 238 (19.9%) had average central corneal 
thickness (501 - 570 µm) while 134 (11.1%) had thick central cor-
neal thickness (> 570µm). This difference in the central corneal 
thickness among the study population was statistically significant 
(p = 0.000) (Table 2). Our findings corroborate with the work of 
Uche., et al; 2021 who found that the average central corneal thick-
ness (CCT) among black population in Eastern Nigeria was 527.68 
± 36.88μm [24]. 

Family history of glaucoma increases the risk of an individual 
developing the disease. Although the exact inheritance pattern is 
still unknown, adult-onset POAG is a multifactorial polygenetic dis-
ease. In this study, 647 subjects (53.9%) had positive family history 
of glaucoma (first degree relatives) while 234 (19.5%) had positive 
family history of glaucoma (second degree relatives) (Table 2). Our 
observation, therefore, substantiates the findings of the Barbados 
family study of Open-angle Glaucoma, Glaucoma Inheritance Study 
in Tasmania and the Rotterdam study which found that family his-
tory of glaucoma is a risk factor for developing POAG [25].

The role of ocular perfusion pressure in the development and 
progression of POAG continues to generate attention among inves-
tigators. The balance between IOP and systemic blood pressure, in-
fluenced by the autoregulatory capacity of the eye, is part of what 

Figure 1: Intraocular pressure of the study population at 

presentation.

Figure 2: Ocular Perfusion pressure (OPP) of the study 

population at presentation

Slightly over 25% (306) subjects had poor ocular perfusion pres-
sure (≤40mmHg).
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determines whether an individual will develop optic nerve dam-
age. The relationship between systemic blood pressure (BP), ocu-
lar perfusion pressure (OPP) and POAG is multifaceted. Blood pres-
sure is a component of OPP. Hence, it would be expected that higher 
BPs (theoretically related to a higher OPP) decreased the risk of 
OAG. However, an increased BP could lead to a reduced blood ves-
sel diameter, due to vasoconstriction in the short term, and in the 
long-term arteriosclerosis (thickening of the vessels walls), and 
therefore decreased ocular blood flow, enhancing the risk of POAG 

[26]. Moreover, elevated peripheral vascular resistance is usually 
involved in the pathogenesis of systemic hypertension, contribut-
ing to localized end organ damage, where the volume of flow is de-
ficient [27]. 

In this study, slightly over 25% (306) adult-onset POAG subjects 
had low ocular perfusion pressure (≤ 40 mmHg) at presentation. 
Our observation corroborates the findings of some other research-
ers [26,28-35] in which the relationship between OPP and POAG 
have shown that low OPP is a risk factor for the prevalence, inci-
dence and progression of glaucoma. However, more prospective, 
longitudinal studies are needed to show this observation among 
people of Niger-Delta region of Nigeria.

The vertical cup disc ratio (VCDR) of the optic nerve head, is 
useful clinically, especially to guide clinicians in the diagnosis of 
glaucoma. Attempts have been made to find a useful VCDR cut off 
value to differentiate normal and glaucomatous optic disc cupping. 
The proportion of normal subjects with a VCDR of 0.65 or greater 
ranged from about 2.2% to 4% [36]. The incidence of visual field 
defects increases markedly with VCDRs greater than 0.7 in glau-
coma. However, the ability of the VCDR to distinguish between nor-
mal and early glaucomatous optic disc has been found to be poor 
with a sensitivity and specificity of 64% and 57% respectively from 
a clinic-based study [37]. The findings in our work agrees with the 
postulation that glaucoma patients are associated with abnormally 
high VCDR. With a cut off VCDR value of ≥ 0.7, we observed that 
68.3% of adult-onset POAG population had abnormal cupping of 
the optic disc, 30% had suspicious cupping (VCDR 0.5 - 0.65) and 
1.7% exhibited normal VCDR ≥ 0.45. This difference was statisti-
cally significant (p = 0.000) (Table 3).

Conclusion

Ocular phenotypic features of adult-onset primary open angle 
glaucoma (POAG) among patients in Southern Nigeria are similar 

to those reported in other countries of the world-high IOP, high 
VCDR, poor OPP, and open drainage angle. Early detection through 
community-based case detection using these parameters could 
help in reducing the scourge arising from POAG among our popula-
tion. 
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