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Distribution of ocular perfusion pressure and its effect on primary open angle glaucoma among adult’s patients at KCMC referral hospital 2024-2025
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ABSTRACT

	Aims: To evaluate the distribution of ocular perfusion pressure and its effect on primary open-angle glaucoma among adult patients at KCMC eye department.
Study design:  Case-control and cross-sectional designs.
Place and Duration of Study: The study was conducted at a KCMC zonal referral hospital in Tanzania, from July 2024 to July 2025.
Methodology: A total of 179 participants aged ≥40 years were included, a rebound tonometer (Icare-100) was used to measure intraocular pressure (IOP). Systolic and diastolic blood pressure (SBP and DBP) was measured with a digital automatic blood pressure monitor. The flowing formulas were used: Mean arterial pressure (MAP) = DBP + 1⁄3 (SBP − DBP) and mean ocular perfusion pressure (MOPP) = 2⁄3 (MAP - IOP), diastolic perfusion pressure (DPP) = (DBP - IOP), systolic perfusion pressure (SPP) = (SBP - IOP). The POAG diagnosis followed the internal society for Geographical and Epidemiology (ISGEO) criteria.
Results: Out of 179 participants, 89 POAG patients (30 NTG, 59 HTG) and 90 controls. HTG patients were more likely to be older than 65 years, while NTG cases had a median age of 61 years (x2 = 8.92, p = 0.003). NTG patients had higher rates of smoking and diabetes (x2 = 3.85, p = 0.047 and x2= 3.23, p = 0.042, respectively), while hypertension was more common among HTG patients (p = 0.038). NTG patients showed lower mean DPP (50.9 mmHg) compared to HTG (61.0 mmHg) and controls (65.5 mmHg). Mean IOP was 20 mmHg in NTG, 14.1 mmHg in controls and 26mmHg in HTG. DPP ≤ 56 mmHg (AOR: 1.58; 95%CI: 1.08, 2.32), p= 0.019 and MOPP ≤53 (AOR: 1.23; 95%CI: 1.01, 1.51), p= 0.041 mmHg, were independently associated with NTG.
Conclusion: Low DPP was significantly associated with NTG, highlighting the role of impaired ocular blood flow in its pathogenesis.
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1. INTRODUCTION 

Glaucoma is the multifactorial optic degenerative neuropathy disease characterized by the death of retinal ganglion cells. Vascular, genetic, anatomical, and immunological are among the contributors to its development (Zukerman et al., 2021).
Glaucoma is the second leading cause of blindness worldwide, after cataracts, and has been a public health concern due to its potential to cause irreversible blindness (Gore et al., 2019). It is most common in adults between the ages of 40 to 80 years. The global prevalence of primary open-angle glaucoma (POAG) is approximately 3.54% and the highest prevalence observed in Africa, standing at 4.20% (Tham et al., 2014) while in Tanzania is 4.16 (Kyari et al., 2013).
The specific pathophysiological mechanism responsible for optic nerve injury remains unclear; however, high intraocular pressure is recognized as the primary risk factor for glaucoma (Rekha Mudhol* Manjushree KS and Yakkundi, 2021). The primary cause of ischemia damage to optic nerve fibers and axons in glaucoma development has been hypothesized to be inadequate blood supply. Vascular injury is supported by the relationships observed between glaucoma and other circulation illnesses, hypotension, hypertension, and cardiovascular illness (Baisakhiya and Verma, 2020a).
Ocular perfusion pressure, recognized as the difference between arterial and venous pressure within ocular vessels, represents the pressure at which blood flows into the eye(Sen, Khan and Islam, 2018).  Low ocular perfusion pressure (OPP) has been proposed as a contributing factor to glaucomatous damage by altering the blood flow to the optic nerve. Diastolic ocular perfusion pressure (DOPP) values below 56 mmHg have been suggested as a useful cutoff point for identifying individuals who are more susceptible to developing progressive glaucomatous optic neuropathy (MacIver, MacDonald and Prokopich, 2019). Moreover, numerous epidemiological studies have demonstrated a correlation between low ocular perfusion pressure and NTG, reporting that, mean ocular perfusion less than 55 mmHg may lead to optic nerve ischemia,  (Tan et al., 2021) (Baisakhiya and Verma, 2020b)(Samsudin et al., 2016)(Kim et al., 2020).

2. material and methods 
2.1. Setting
The study was conducted at the Eye department of Kilimanjaro Christian Medical Centre, a crucial facility among the four zonal referral hospitals in Tanzania. Serving around 11 million people from rural and urban areas. The Eye Department sees approximately 38,000 patients annually, including 200 newly diagnosed cases of primary open-angle glaucoma. 
Study design: We conducted both case-control and cross-sectional designs, taking newly diagnosed normal-tension glaucoma cases and matching with controls from August 2024 to June 2025.
[bookmark: _Toc201227428][bookmark: _Toc201923039]2.2. Study population
[bookmark: _Toc158596291][bookmark: _Toc159165381][bookmark: _Toc152504251][bookmark: _Toc201227435]Individuals aged 40 years and above, who provide voluntary consent and met the inclusion criteria, participated in the study. Cases were defined as newly diagnosed NTG patients who not eye commenced treatment, while controls were individuals without any ocular disease. Participants were excluded if they had a history of ocular trauma, ocular surgery, any congenital ocular pathology or corneal defects. Over the study period, 179 participants were included:  30 with NTG, 59 with HTG and 90 Controls.
2.3. Data collection tools, method and procedures 
[bookmark: _Toc152504252]The glaucoma suspect were identified. Two average blood pressure readings were taken from the non-dominant upper arm while the participant seated with arm supported on the table, using calibrated Omron device (OMRON BP785N 10 Series Upper Arm Blood Pressure Monitor). This was followed by a visual acuity test by using a Snellen chart. Intraocular pressure (IOP) was then measured using a rebound tonometer (I care-100), with three readings taken per eye. 
The anterior segment was examined using a slit lamp biomicroscope. Visual field test was subsequently conducted using the Swedish Interactive Threshold Algorithm (SITA) Standard 24-2 program (II-i series system software version 4.2) integrated within the Humphrey Field Analyzer II 740i (Carl Zeiss Meditec AG in Jena, Germany) (Philippin et al., 2021). The following criteria were used to define glaucomatous visual field defects; 
i. On a pattern deviation map, a cluster of three points (excluding the rim area) with a probability of less than 5% in at least one hemi-field, including at least one point with a probability of less than 1% or a cluster of two points with a probability of less than 1%, 
ii. GHT -outside normal limits, 
iii. Mean deviation ≤0.01 Db, 
iv. Visual field defect suggestive of nerve fiber bundle defect such as arcuate scotoma, nasal step, altitudinal scotoma, paracentral scotoma, and generalized field defects. (Khandelwal et al., 2020).  
A Goldmann-type four-mirror gonioscope was used assess whether the anterior chamber angle was closed or open. Subsequently, pupil dilatation was performed using tropicamide 0.5% to allow examination of the posterior segment, including evatuation of the optic nerve head and estimation of the cup disc ratio using a 90D VOLK lens with slit lamp biomicroscope. 
Control participants underwent the same assessment procedures as primary open angle glaucoma (POAG) patients.
The diagnosis of POAG was based on presence of an open angle on gonioscopy and atleast two of the following three criteria:
i. Vertical cup to disc ratio ≥ 0.6 or disc asymmetry > 0.2.
ii. Glaucomatous visual field loss observed on visual field test.
iii. Intraocular pressure ≥21 mmHg. (Rekha Mudhol* Manjushree KS and Yakkundi, 2021)
2.3.1. Measurement of ocular perfusion pressure
The mean arterial pressure (MAP) was calculated using the formula:
MAP = Diastolic blood pressure + 1⁄3 (Systolic blood pressure(SBP) − Diastolic blood pressure(DBP)) (Yılmaz, Calikoglu and Kosan, 2019).
Subsequently, the following ocular perfusion pressures were calculated (Rekha Mudhol* Manjushree KS and Yakkundi, 2021).
 Mean ocular perfusion pressure (MOPP) = 2⁄3 (MAP - IOP) 
Systolic perfusion pressure (SPP) = (SBP – IOP)
[bookmark: _Toc201227436][bookmark: _Toc201923052]Diastolic perfusion pressure (DPP) = (DBP – IOP) 
2.4. Data Management and Analysis
The data analysis was conducted using STATA version 17 (StataCrop, CollegeStation, TX, USA). 
The association between two categorical variables were investigated using the Chi-square test. Additionally, to investigate the correlation between OPP, and NTG, Analysis of Variance (ANOVA) was employed.
Depending on the distribution of the study population, quartile cut-offs was used to analyze perfusion pressures as continuous or categorical variables.
Logistic regression for estimation of odds ratios was employed to evaluate the relationship between exposures and outcomes.
The probability value <0.05 was regarded as the significant level in all of the statistical tools mentioned above.

3. results

[bookmark: _Toc201923057]3.1. Socio-demographic and clinical characteristics of study participants
A total of 179 participants (89 with POAG and 90 as controls) were analyzed in this study. Among the POAG group, 30 had normal tension glaucoma (NTG) and 59 had high tension glaucoma (HTG).
Among NTG patients, more than half, 17 (56.7%), were aged between 40 and 64 years younger than HTG patients, with a median age of 61 years. And nearly half of NTG patients, 30 (50.8%), were female. Most POAG participants were peasants, especially in the HTG group; 43 (72.9%) were peasants and 15 (50%) of the NTG group reported drinking alcohol. Notably, 6 (75%) of the participants in the NTG group had solely diabetes mellitus, whereas 18 (81.8%) of the participants in the HTG group had just hypertension. Cold sensitivity was exclusively observed in NTG 4(13.3%). NTG patients had the lowest average blood pressure (121.8 ± 18.1 / 64.1 ± 12.1 mmHg), while HTG patients had the highest blood pressure (143.7 ± 22.6 / 81.7 ± 10.5 mmHg). The poor visual acuity (<6/18), severe optic nerve damage (CDR ≥0.6) and severe mean deviation (MD <–20) were more prevalent in HTG patients (47.5%), (81.4%) and (57.6%), respectively. (Table 1)
Table 1: Socio-demographic and clinical characteristics of study participants (N=179)
	Variable
	NTG n (%)
	HTG n (%)
	Control n (%)

	Median (IQR)
	61(52-70)
	
	

	Age in years
	
	
	

	40–64
	17 (56.7)
	27 (45.8)
	61 (67.8)

	≥ 65
	13 (43.3)
	32 (54.2)
	29 (32.2)

	Sex
	
	
	

	Male
	13 (43.3)
	29 (49.2)
	43 (47.8)

	Female
	17 (56.7)
	30 (50.8)
	47 (52.2)

	Occupation
	
	
	

	Peasant
	18 (60.0)
	43 (72.9)
	47 (52.2)

	Employed
	6 (20.0)
	9 (15.2)
	18 (20.0)

	Self employed
	6 (20.0)
	7 (11.9)
	25 (27.8)

	Education level
	
	
	

	Non formal
	5 (16.7)
	12 (20.3)
	6 (6.7)

	Primary
	15 (49.9)
	28 (47.5)
	40 (44.4)

	Secondary
	5 (16.7)
	1 (1.7)
	7 (7.8)

	University
	5 (16.7)
	18 (30.5)
	37 (41.1)

	Smoking status
	
	
	

	Yes
	6 (20.0)
	6 (10.2)
	9 (10.0)

	No
	24 (80.0)
	53 (89.8)
	81 (90.0)

	Alcohol consumption
	
	
	

	Yes
	15 (50.0)
	25 (42.4)
	31 (34.4)

	No
	15 (50.0)
	34 (57.6)
	59 (65.6)

	Migraine headache
	
	
	

	Yes
	4 (13.3)
	6 (10.2)
	7 (7.8)

	No
	26 (86.7)
	53 (89.8)
	83 (92.2)

	Hypertension and DM
	
	

	Yes
	8 (26.7)
	22 (37.3)
	34 (37.8)

	No
	22 (73.3)
	37 (62.7)
	56 (62.2)

	Diabetes melitus (n=64)
	
	

	Yes
	6 (75.0)
	9 (40.9)
	15 (44.1)

	No
	2 (25.0)
	13 (59.1)
	19 (55.9)

	Hypertension (n=64)
	
	
	

	Yes
	3 (37.5)
	18 (81.8)
	26 (76.5)

	No
	5 (62.5)
	4 (18.2)
	8 (23.5)

	Cold extremely
	
	
	

	Yes
	4 (13.3)
	0 (0.0)
	2 (2.2)

	No
	26 (86.7)
	59 (100)
	88 (97.8)

	VA
	
	
	

	>=6/18
	24 (80.0)
	31 (52.5)
	80 (88.9)

	<6/18
	6 (20.0)
	28 (47.5)
	10 (11.1)

	Average CDR range
	
	
	

	0.1-0.3
	1 (3.3)
	-
	65 (72.2)

	0.4-<0.6
	8 (26.7)
	11 (18.6)
	23 (25.6)

	≥0.6
	21 (70.0)
	48 (81.4)
	2 (2.2)

	VFI
	
	
	

	0-95
	25 (83.3)
	53 (89.8)
	14 (15.6)

	>95-100
	5 (16.7)
	6 (10.2)
	76 (84.4)

	MD
	
	
	

	>-0.1
	-
	-
	63 (70.0)

	≤-(0.1-6)
	15 (50.0)
	17 (28.8)
	12 (13.3)

	<-(6-12)
	7 (23.3)
	4 (6.8)
	6 (6.7)

	<-(12-20)
	2 (6.7)
	4 (6.8)
	4 (4.4)

	<-20
	6 (20.0)
	34 (57.6)
	5 (5.6)

	GHT
	
	
	

	Within normal limit
	-
	-
	66 (73.3)

	Outside normal limit
	30 (100)
	59 (100)
	9 (10.0)

	Borderline
	-
	-
	15 (17.7)

	Average BP (mmHg)
	
	
	

	Systolic
	121.8±18.1
	143.7±22.6
	134.0±18.7

	Diastolic
	64.1±12.1
	81.7±10.5
	79.8 ±11.0


(Abbreviations: VA - Visual Acuity; CDR - Cup Disc Ratio; VFI – Visual Field Index; MD – Mean Deviation; GHT – Glaucoma Hemi-field Test; BP – Blood Pressure; NTG – Normal Tension Glaucoma; HTG – High Tension Glaucoma)
[bookmark: _Toc201923058]3.2. Socio-demographic and Clinical Comparisons Between Normal Tension Glaucoma (NTG) and High-Tension Glaucoma (HTG)
POAG patients aged ≥ 65 years (54.2%) were more prevalent in the HTG group, while a significantly higher proportion of NTG patients were aged 40 - 64 years (56.7%) (x2 = 8.92, p = 0.003). Smoking was more prevalent in the NTG group (20.0%) than in the HTG group (10.2%) (x2 = 3.85, p = 0.047). Diabetic mellitus alone was significantly more prevalent in the NTG group (75%) compared to the HTG (40.9%) (x2 = 3.23, p = 0.042). Also, hypertension alone was more common among the HTG group (81.8%) than in the NTG group (37.5%) (x2 = 3.32, p = 0.038). No statistically significant differences were observed between the groups regarding sex, alcohol use, migraine headaches, combined hypertension and diabetes, and cold sensitivity. (Table 2)

[bookmark: _Toc201923085]Table 2. Socio-demographic and Clinical Comparisons between Normal Tension Glaucoma and High-Tension Glaucoma
	Variable
	NTG
	HTG
	x2 (p-value)

	Age in years
	
	
	

	40–64
	17 (56.7)
	27 (45.8)
	8.92 (0.003)

	≥ 65
	13 (43.3)
	32 (54.2)
	

	Sex
	
	
	

	Male
	13 (43.3)
	29 (49.2)
	0.01 (0.874)

	Female
	17 (56.7)
	30 (50.8)
	

	Smoking status
	
	
	

	Yes
	6 (20.0)
	6 (10.2)
	3.85 (0.047)

	No
	24 (80.0)
	53 (89.8)
	

	Alcohol consumption
	
	
	

	Yes
	15 (50.0)
	25 (42.4)
	1.40 (0.216)

	No
	15 (50.0)
	34 (57.6)
	

	Migraine headache
	
	
	

	Yes
	4 (13.3)
	6 (10.2)
	0.001 (0.974)

	No
	26 (86.7)
	53 (89.8)
	

	Hypertension and DM
	
	
	

	Yes
	8 (26.7)
	22 (37.3)
	0.36 (0.542)

	No
	22 (73.3)
	37 (62.7)
	

	Diabetes mellitus
	
	
	

	Yes
	6 (75.0)
	9 (40.9)
	3.23 (0.042)

	No
	2 (25.0)
	13 (59.1)
	

	Hypertension
	
	
	

	Yes
	3 (37.5)
	18 (81.8)
	3.32 (0.038)

	No
	5 (62.5)
	4 (18.2)
	

	Cold extremely
	
	
	

	Yes
	4 (13.3)
	0 (0.0)
	1.27 (0.213)

	No
	26 (86.7)
	59 (100)
	


[bookmark: _Toc201923059](Abbreviations: NTG – Normal Tension Glaucoma; HTG – High Tension Glaucoma)
3.3. Distribution of OPP and IOP among POAG and control
NTG patients had the lowest average ocular perfusion pressures (DPP, SPP, MOPP), while the control group had the highest values. The average ocular perfusion pressures in the NTG group were (DPP was 50.9±13.9 mmHg, SPP was 112.7±25.5 mmHg, MOPP was 71.5±16.7 mmHg), while for the control group were (DPP was 65.7±10.8 mmHg, SPP was 119.8±17.9 mmHg, MOPP was 83.8±12.1 mmHg). The average IOP for NTG (20.0±0.92 mmHg) was higher than for controls (14.1±3.1 mmHg), whereas the HTG had the highest IOP (26.0±1.6 mmHg). (Table 3)
[bookmark: _Toc201923086]Table 3: Distribution of OPP and IOP among POAG and control
	Variable
	NTG (Mean±SD)
(mmHg)
	HTG (Mean±SD)
(mmHg)
	Control (Mean±SD)
(mmHg)

	Mean Average DPP
	
	
	

	Right
	50.9±13.9
	61.3±13.9
	65.7±10.8

	Left
	51.5±13.0
	61.0±14.9
	65.5±10.8

	Mean Average SPP
	
	
	

	Right
	112.7±25.5
	116.3±19.1
	119.8±17.9

	Left
	112.7±22.6
	116.4±20.8
	119.6±18.0

	Mean Average MOPP
	
	
	

	Right
	71.5±16.7
	79.7±14.5
	83.8±12.1

	Left
	71.9±14.9
	79.5±15.7
	83.5±12.1

	Mean Average IOP
	
	
	

	Right
	20.0±0.92
	26.0±1.6
	14.1±3.1

	Left
	20.0±0.93
	25.8±2.1
	14.3±3.1


(Abbreviations: DPP – Diastolic Perfusion Pressure; SPP – Systolic Perfusion Pressure; MOPP – Mean Ocular Perfusion Pressure; IOP – Intraocular pressure; SD – Standard Deviation)
[bookmark: _Toc201923060]3.4. Relationship of Ocular perfusion pressure (OPP) and normal tension glaucoma (NTG)
A diastolic perfusion pressure (DPP ≤ 56 mmHg) was observed in 76.7% of NTG patients compared to 15.6% in the control group (x2 = 10.83, p < 0.001). A systolic perfusion pressure (SPP ≤101 mmHg) was 40% in NTG patients while in controls was 15.6% (x2 = 3.15, p = 0.020). Notably, a mean ocular pressure (≤ 53 mmHg) was 16.7% which was exclusively in NTG patients (x2 = 10.83, p = 0.001). (Table 4)
[bookmark: _Toc201923087]Table 4: Relationship of Ocular perfusion pressure and normal tension glaucoma
	[bookmark: _Hlk189651667]Variable
	NTG n (%)
	Control n (%)
	x2 (p-value)

	DPP(mmHg)
	
	
	

	0-56
	23 (76.7)
	14 (15.6)
	10.83 (<0.001)

	>56
	7 (23.3)
	76 (84.4)
	

	SPP(mmHg)
	
	
	

	≤101
	12 (40.0)
	14 (15.6)
	3.15 (0.020)

	>101
	18 (60.0)
	76 (84.4)
	

	MOPP(mmHg)
	
	
	

	0-53
	5 (16.7)
	0 (0.0)
	10.83 (0.001)

	>53
	25 (83.3)
	90 (100)
	


(Abbreviations: DPP – Diastolic Perfusion Pressure; SPP – Systolic Perfusion Pressure; MOPP – Mean Ocular Perfusion Pressure; NTG – Normal Tension Glaucoma)
[bookmark: _Toc201923061]3.5. Association between DPP, SPP, MOPP, and Normal Tension Glaucoma (NTG)
In bivariate analysis patients with DPP between 0-56 had significant 67% higher odds of having NTG as compared to patients with DPP above 56 (COR: 1.67; 95%CI: 1.08, 2.58), patients with SPP less than or equal to 101 had 12% higher odds of having NTG as compared to patients with SPP greater than 101 (COR: 1.12; 95%CI: 1.02, 1.23). Patients with MOPP between 0-53 had significant 32% of having NTG as compared to patients with MOPP above 53 (COR: 1.32; 95%CI: 0.45, 3.85).
In multivariable analysis after adjusting to other factors, patients with DPP between 0-56 had 58% higher odds of having NTG as compared to patients with DPP above 56 (AOR:1.58; 95%CI:1.08, 2.32). (Table 5).
[bookmark: _Toc201923088]Table 5: Association between DPP, SPP, MOPP, and Normal Tension Glaucoma (NTG)
	Variable
	COR (95%CI)
	p-value
	AOR (95%CI)
	p-value

	DPP(mmHg)
	
	
	
	

	[bookmark: _Hlk199318049]0-56
	1.67 (1.08, 2.58)
	0.021
	1.58 (1.08, 2.32)
	0.019

	>56
	1
	
	1
	

	SPP(mmHg)
	
	
	
	

	≤101
	[bookmark: _Hlk199317301]1.12 (1.02, 1.23)
	0.017
	1.14 (0.85, 1.53)
	0.387

	>101
	1
	
	1
	

	MOPP(mmHg)
	
	
	
	

	0-53
	[bookmark: _Hlk199317546]1.32 (0.45, 3.85)
	0.609
	1.23 (1.01, 1.51)
	0.740

	>53
	1
	
	1
	


(Abbreviations: DPP – Diastolic Perfusion Pressure; SPP – Systolic Perfusion Pressure; MOPP – Mean Ocular Perfusion Pressure)
3. DISCUSSION
This study evaluated the distribution of ocular perfusion pressure and its effect on primary open-angle glaucoma among adult patients attending at KCMC referral hospital. A total of 179 participants (89 with POAG and 90 healthy participants) were included in the study. Among the POAG, 30 had normal tension glaucoma (NTG) and 59 had high tension glaucoma (HTG).
The high-tension glaucoma patients were significantly older than 65 years, whereas a significantly larger proportion of normal tension glaucoma patients were aged between 40 and 64 years (x2 = 8.92, p = 0.003). The occurrence of normal tension glaucoma at a younger age than in high tension glaucoma, may mean that the pathophysiology of NTG may not be predominantly age-related. These findings are consistent with a study done in Japan, which reported a mean age of 58.8 among NTG patients (Press, 2018), and with a study from Edinburgh, where HTG patients were significantly older, with a mean age of 76.8 years (Tan et al., 2021).
Regarding risk factors, smoking (x2 = 3.85, p = 0.047) was significantly more prevalent among NTG patients than HTG patients in our study. This suggests vascular contributions in NTG pathogenesis, possibly exacerbated by smoking-induced microvascular dysfunction. This finding differs from results from Nigeria and Korea, which reported no statistically significant association between smoking and POAG (Yılmaz, Calikoglu and Kosan, 2019) (Baek et al., 2019). These differences may be due to different smoking rates among countries. For example, according to Tobacco Atlas, the adult smoking prevalence in Tanzania is 11.1%, while in Nigeria it is 2.9% (Affairs and Division, 2010).
A significant association between diabetes mellitus (x2 = 3.23, p = 0.042) and NTG was also found in our study, consistent with findings from Belagavi, India (Rekha Mudhol* Manjushree KS and Yakkundi, 2021). But differ with studies from Malaysia, Japan, and Colombia which found no significant association between diabetes and POAG (Press, 2018) (Press, 2011) (Samsudin et al., 2016). This difference may be explained by glycemic control variability among study populations.
In our study, HTG patients had a significantly higher prevalence of hypertension (x2= 3.32, p = 0.038). This can be explained that elevated systemic blood pressure may increase aqueous production, hence contributing to raising IOP, which may lead to HTG. This finding was consistent with results from Belagavi, which indicated that hypertension had an association with HTG only but was not associated with POAG overall (Rekha Mudhol* Manjushree KS and Yakkundi, 2021). Conversely, studies from Korea and Japan found no significant difference in hypertension prevalence between POAG and healthy people (Baek et al., 2019) (Press, 2011). This difference could be explained by the fact that our study and Belagavi analyzed POAG subgroups (HTG and NTG) independently, whereas other studies evaluated POAG as a single entity.
Furthermore, our study found no statistically significant differences between HTG and NTG patients regarding sex, alcohol use, migraines, combined hypertension and diabetes, or cold sensitivity. These findings are consistent with studies from Nigeria, Bangladesh, and Korea (Yılmaz, Calikoglu and Kosan, 2019)(Sen, Khan and Islam, 2018)(Baek et al., 2019). However, studies from India and Malaysia indicated a male predominance in POAG (Rekha Mudhol* Manjushree KS and Yakkundi, 2021)(Tw et al., 2021). These differences may suggest geographic and demographic variability.
In our study, the mean DPP in HTG group was 61.0 mmHg and in the control group, it was 65.5 mmHg which were higher than mean DPP of 50.9 mmHg in the NTG group. These findings are different from those mentioned in Belagavi, India, where HTG group  had a lower mean DPP of 51.85 mmHg while control group had related mean DPP of 63.25mmHg (Rekha Mudhol* Manjushree KS and Yakkundi, 2021). Similarly, mean DPP of our NTG group was lower than that reported in Colombian study, where NTG group had a mean DPP of 60.1 mmHg, the control group in Colombia had comparable mean DPP of 62.6 mmHg (Press, 2018). These differences may be explained these populations have different systemic health and vascular risk factors which affect ocular blood flow. For example, the prevalence of hypertension adults in western Tanzania was 34.6% (Nyangi, Mlay and Mackanja, 2025) and India (22.6%) (Access, 2024).
A similar trends was observed in systolic perfusion pressure (SPP), where the mean SPP in the NTG group was 112.7mmHg which was lower than in the HTG group (116.3 mmHg) and controls (119.8 mmHg).  The mean SPP value of NTG in our study was consistent with findings from Colombian study, which reported a mean SPP of 111.5 mmHg in NTG patients (Press, 2018). However the study done in Belagavi, India, reported lower mean SPP values in the HTG group and control group which were 101.55 mmHg and 115.39 mmHg respectively compared to those in our study (Rekha Mudhol* Manjushree KS and Yakkundi, 2021). Similar differences were also observed in study done in Mumbai, where the mean SPP in HTG was 96.56 mmHg, and 109.47 mmHg in the control group (Gore et al., 2019). These differences can be explained by visit-to-visit variability of blood pressure, which usually observed more in systolic blood pressure than in diastolic blood pressure. For instance, the study conducted in Korea showed a significance difference in daytime systolic blood pressure variability among the normotensive, white coat hypertension, sustainable and masked hypertension groups (P = 0.075), whereas daytime diastolic blood pressure variability showed no significant difference across groups (P = 0.264) (Kang et al., 2016).
Similarly, the MOPP in the NTG group was 71.5 mmHg, which was lower than that of the control group (83.8 mmHg) and the HTG group (79.7 mmHg). This suggests that development and progression of NTG may be associated with dysregulation ocular perfusion pressure. These findings differ from those reported in other studies. For example,  in Colombian study, the mean MOPP in NTG group was 46.2 mmHg while in controls was  47.9 mmHg in their cohort (Press, 2018). In a study from Bangladesh, the NTG group had a MOPP of 43.3 mmHg, while the control group was 50.5 mmHg (Sen, Khan and Islam, 2018). Similarly in Korean study, the NTG group the MOPP was 47.36 mmHg while the control group was 53.80 mmHg (Baek et al., 2019). In study done in Mumbai, India, the HTG group had a MOPP of 33.80 mmHg while the control group, the MOPP was 47.13 mmHg (Gore et al., 2019). These differences may be explained by variations in systemic blood pressure among study populations. For example the distribution of mean arterial pressure (MAP) among adults in study done in Morogoro, Tanzania was 98.07 mmHg which is higher than the MAP reported in a Korea study (90.67 mmHg) (Kim and Cho, 2018).
Our study found that mean IOP in the NTG group was 20.0 mmHg, which was slightly elevated compared to control group (14.1 mmHg), while the HTG group had a mean IOP of 26 mmHg. These suggest that even mild elevated IOP may be the additional factor to vascular dysfunction to cause the optic nerve damage in NTG group. In contrast to HTG where the elevated IOP more than 21mmHg is primarily responsible for the pathophysiology of HTG. The trend of higher mean IOP in NTG patients compared to controls  was consistent with a study from Bangladesh, which reported mean IOP of 18.7 mmHg in NTG and 12.3 mmHg in controls (Sen, Khan and Islam, 2018). A similar trend was observed in study conducted in Colombia, with NTG patients having a mean IOP 15.3 mmHg compared to 14.3 mmHg in controls (Press, 2018). However, a study study done in Korea, showed no significant difference, with the mean IOP values of 15.11 mmHg in NTG and 15.0 mmHg in controls (Baek et al., 2019). 
Our study found that the mean ocular perfusion pressures (MOPP ≤ 53 mmHg) (x2 =10.83, p=0.001), diastolic perfusion pressures (DPP ≤ 56 mmHg) (x2 =10.83, p<0.001), and systolic perfusion pressures (SPP ≤ 101 mmHg) (x2 =3.15, p=0.020) of patients with normal-tension glaucoma (NTG) were significantly lower than those of the control group. However, after adjusting for other factors, only DPP (AOR=1.58, p=0.019) remained statistically significant. The high vascular resistance and the crucial role autoregulation plays during the diastolic phase may help to explain this. Since the optic nerve head is particularly vulnerable during this phase, the diastolic perfusion pressure (DPP) is a more accurate and significant indicator of sustained ocular perfusion 
Our DPP results were consistent with in Singapore Malay Eye Study where DPP ≤ 56 mmHg was independent risk factor associated with NTG with an odds ratio (OR) of 1.75 (Zheng et al., 2010). Also was comparable to the Colombian study (Cantor et al., 2018), which showed that the likelihood of receiving a NTG diagnosis was more than double for those with a DPP below 50 mmHg. These similarities support the idea that low DPP may play a major role in glaucomatous optic neuropathy in populations with normal intraocular pressure (IOP).
In our study, MOPP ≤ 53mmHg (COR =1.23, p=0.740) was not independently associated with NTG, this was contrast to the findings reported in Bangladesh study, the NTG group, the MOPP ≤ 60 mmHg was significantly with odds ratio 6.6 for both; p = 0.002 (Sen, Khan and Islam, 2018). This difference may be contributed by smaller sample size in the Bangladesh study, which compared 30 cases to 30 controls, whereas our study 30 cases to 90 controls. 
[bookmark: _Toc201227444]Our study showed that SPP (COR =1.14, p=0.387) was not independently associated with NTG. However, a significant difference was observed between the NTG group and the control group when SPP≤ 101 mmHg(x2 =3.15, p=0.020). This finding was consistent with a study done in Mumbai, where  a mean SPP ≤99.55 mmHg was significantly associated with glaucoma (p = 0.000), compared to mean SPP = 109.46 mmHg in non-glaucoma patients (Gore et al., 2019). A similar trend was reported in a study from Belagavi, where that the mean SPP for glaucoma patients was 101.55 ± 27.72 mmHg, significantly lower than for people without glaucoma (p = 0.0004) (Rekha Mudhol* Manjushree KS and Yakkundi, 2021). 
In contrast, findings from a Colombian study reported a stronger association with glaucoma when SPP >130 mmHg (OR = 2.7, p = 0.006) (Press, 2018). This was further supported by Los Angeles Latino Eye Study, where participants with SPP > 150 mmHg had an odds ratio (OR) of 2.0 for mmHg while those with SPP ≤ 80 mmHg had an odds ratio (OR) of 2.5, both significantly associated with glaucoma (Memarzadeh et al., 2010). These different findings suggest that both hypo-perfusion and hyper-perfusion may contribute to glaucomatous optic neuropathy. Chronic hypo-perfusion can lead to ischemic stress and ganglion cell damage at the optic nerve head (ONH), while chronic hyper-perfusion may result in endothelial injury, vascular stiffness, and dysregulation of autoregulation within the optic nerve head circulation.

5. Conclusion

The study found that NTG patients were younger than HTG patients. Smoking and diabetes mellitus, which are vascular factors, were significantly associated with NTG, whereas hypertension was significantly more prevalent among HTG patients. 
The study also showed that NTG had significantly lower ocular perfusion pressures (MOPP ≤ 53 mmHg, SPP ≤ 101 mmHg and DPP ≤ 56 mmHg) compared to controls. Notably, only DPP ≤56 mmHg remained independently associated with NTG after adjusted analysis. This highlights the critical role of vascular dysregulation in the pathogenesis of NTG.
To enhance the external validity and get the findings that represent the general population, the future study should be done in a community-based design with a large sample size.
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ABBREVIATIONS
BP		Blood Pressure
CDR		Cup Disk Ratio
CI		Confidence Intervals
DPP		Diastolic Perfusion Pressure
GHT		Glaucoma Hemifield Test
HR		Hazard Ratio
HTG		High Tension Glaucoma
IOP		Intraocular Pressure
KCMC		Kilimanjaro Christian Medical Center
MAP		Mean Arterial Blood Pressure
MOPP		Mean Ocular Perfusion Pressure
NTG		Normal Tension Glaucoma
OAG		Open-Angle Glaucoma
ONH		Optic Nerve Head
OPP		Ocular Perfusion Pressure
POAG		Primary Open Angle Glaucoma
RGC		Retinal Ganglion Cell
SD		Standard Deviation
SPP		Systolic Perfusion Pressure
UK		United Kingdom

Definition of key terms
Glaucoma is a degenerative disease of the optic nerve caused by a variety of factors (K. E. Kim et al., 2020).
Intraocular pressure is the fluid pressure inside the eye which ranges from 9 to 21 mmHg in normal cases (Slater, 2011).
Ocular perfusion pressure is the pressure at which blood is supplied to the eye, defined as the difference between the pressure within the arteries and veins in the ocular blood vessels (Bailey et al., 2013).
Blood pressure is the pressure within the body’s main arterial system, is expressed in millimeters of mercury (mmHg) (Magder, 2018).
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