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ABSTRACT

Background: Primary open-angle glaucoma (POAG) represents the most prevalent form of
glaucoma globally, characterized by progressive optic neuropathy and distinctive intraocular
pressure (IOP) patterns. Understanding IOP variations and comprehensive clinical profiles is

essential for optimizing therapeutic strategies and preventing irreversible vision loss.

Methods: This prospective observational study was conducted at a tertiary care hospital,
enrolling 284 patients diagnosed with POAG. Participants underwent comprehensive
ophthalmic examination including Goldmann applanation tonometry, diurnal I[OP
measurements (8 AM, 12 PM, 4 PM, 8 PM), optical coherence tomography (OCT) for retinal
nerve fiber layer (RNFL) analysis, visual field testing using Humphrey perimetry, and
gonioscopy. Demographic data, disease severity, systemic comorbidities, and treatment
responses were systematically documented. Statistical analysis employed paired t-tests,

ANOVA, correlation analysis, and multiple regression modeling.

Results: Mean patient age was 58.6 = 11.4 years with male predominance (61.3%). Baseline
mean [OP was 24.8 + 5.6 mmHg, demonstrating significant diurnal variation with peak
pressures at 8 AM (26.4 = 6.2 mmHg) and trough at 8 PM (21.6 + 4.8 mmHg, p<0.001). Mean
IOP fluctuation was 4.8 + 2.4 mmHg over 12 hours. Advanced disease was present in 38.7%
of patients, moderate in 42.3%, and early-stage in 19.0%. Mean RNFL thickness was
significantly reduced (68.4 = 18.6 um) compared to normative data (p<0.001). Visual field
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mean deviation averaged -12.8 + 8.4 dB. Significant correlations existed between IOP
fluctuation magnitude and disease severity (r=0.58, p<0.001), RNFL thinning (r=-0.52,
p<0.001), and visual field defects (r=0.48, p<0.001). Hypertension (44.4%), diabetes mellitus
(28.2%), and positive family history (31.7%) were prevalent comorbidities. After 6 months of
topical therapy, mean IOP reduction was 7.2 + 3.4 mmHg (29.0% reduction, p<0.001).

Conclusion: POAG patients demonstrate substantial diurnal IOP variations strongly correlated
with structural and functional damage severity. Comprehensive IOP profiling beyond single-
point measurements is essential for accurate disease assessment and individualized treatment

planning.

Keywords: primary open-angle glaucoma, intraocular pressure, diurnal variation, retinal nerve

fiber layer, visual field defects, optical coherence tomography, glaucoma severity

1. INTRODUCTION

Glaucoma represents a leading cause of irreversible blindness worldwide, affecting an
estimated 76 million individuals globally, with projections suggesting an increase to 111.8
million by 2040 [1]. Primary open-angle glaucoma (POAG), the most common subtype,
accounts for approximately 74% of all glaucoma cases and is characterized by progressive
retinal ganglion cell degeneration, optic nerve head damage, and corresponding visual field
defects in the presence of an open anterior chamber angle [2]. The insidious nature of POAG,
with often asymptomatic early stages, results in delayed diagnosis and substantial irreversible

vision loss before clinical presentation [3].

Elevated intraocular pressure (IOP) remains the primary modifiable risk factor for POAG
development and progression, though the relationship between IOP and glaucomatous damage
is complex and multifactorial [4]. While traditionally considered a disease of elevated IOP,
contemporary understanding recognizes that POAG can develop and progress at statistically
"normal" IOP levels (normotensive glaucoma), and conversely, many individuals with ocular
hypertension never develop glaucomatous damage [5]. This complexity underscores the
importance of comprehensive IOP characterization beyond single-point measurements

obtained during routine clinical visits [6].

Studies by Asrani et al. demonstrated that IOP fluctuation magnitude correlates more strongly

with visual field progression than mean IOP level, challenging traditional treatment paradigms
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focused solely on absolute IOP reduction [7]. The physiological basis for diurnal IOP variation
involves circadian rhythms affecting aqueous humor dynamics, with peak pressures typically
occurring in early morning hours and troughs during evening [8]. Individual variation patterns,
however, demonstrate considerable heterogeneity, necessitating personalized assessment

approaches [9].

Recent advances in diagnostic technology, particularly spectral-domain optical coherence
tomography (SD-OCT), have revolutionized structural assessment of glaucomatous damage
through high-resolution quantification of retinal nerve fiber layer (RNFL) thickness and optic
nerve head parameters [10]. The structure-function relationship in glaucoma, correlating
anatomical RNFL changes with functional visual field defects, provides comprehensive disease
characterization and progression monitoring [11]. Hood et al. demonstrated that combined
structural and functional assessment improves detection sensitivity for early glaucoma

compared to either modality alone [12].

The epidemiology of POAG reveals significant demographic associations, with advancing age
representing the strongest non-modifiable risk factor [13]. African ancestry confers 3-4 fold
increased risk compared to European populations, with earlier onset and more aggressive
disease progression [14]. Additional risk factors include positive family history, myopia,
diabetes mellitus, systemic hypertension, and cardiovascular disease, though the mechanistic
relationships remain incompletely elucidated [15]. Understanding the interplay between IOP
dynamics and systemic factors is crucial for comprehensive risk stratification and therapeutic

optimization [16].

Despite substantial research on POAG pathophysiology and management, gaps persist in
comprehensive characterization of IOP variation patterns and their clinical correlates in diverse
patient populations [17]. Most existing studies focus on isolated parameters rather than
integrated assessment of IOP dynamics, structural damage, functional deficits, and systemic
factors [18]. Furthermore, data from South Asian populations, where genetic and

environmental factors may influence disease presentation, remain limited [19].

Aim of the study: This prospective study aimed to comprehensively characterize diurnal
intraocular pressure variations in patients with primary open-angle glaucoma, establish
correlations between IOP fluctuation patterns and disease severity indices (RNFL thickness,
visual field parameters), evaluate the relationship between IOP dynamics and systemic

comorbidities, assess treatment response in relation to baseline IOP characteristics, and develop
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a comprehensive clinical profile of POAG patients in a hospital-based setting to inform

individualized therapeutic strategies.

2. MATERIALS AND METHODS 884
2.1 Study Design and Setting

This prospective observational cohort study was conducted at the Glaucoma Service,

Department of Ophthalmology, tertiary care teaching hospital.
2.2 Sample Size Calculation

Sample size was calculated using the formula for correlation studies: n = [(Za + ZB)/C]* + 3,
where Za = 1.96 (type I error 5%), Zp = 0.84 (power 80%), and C = 0.5 x In[(1+r)/(1-r)] with
expected correlation coefficient r = 0.25 between IOP fluctuation and disease severity based
on pilot data. The calculated minimum sample size was 246, increased to 284 to account for

potential attrition and subgroup analyses.
2.3 Participant Selection

Inclusion criteria: Adults aged 40-80 years with confirmed diagnosis of POAG based on
established criteria (open angles on gonioscopy, characteristic optic disc changes [vertical cup-
to-disc ratio >0.6, rim thinning, notching, or RNFL defects], corresponding visual field defects
on reliable testing), best-corrected visual acuity >20/200 to permit adequate examination, clear
ocular media allowing OCT imaging, and willingness to participate in diurnal IOP assessment

protocol.

Exclusion criteria: Secondary glaucoma (pseudoexfoliative, pigmentary, uveitic, traumatic,
neovascular), angle-closure glaucoma or narrow angles, previous intraocular surgery except
uncomplicated cataract extraction >6 months prior, significant media opacity precluding
adequate fundus visualization or OCT imaging, other optic neuropathies (ischemic,
compressive, hereditary), retinal diseases affecting visual field (advanced macular
degeneration, diabetic retinopathy with macular involvement), significant systemic diseases
affecting examination compliance, current use of systemic medications known to affect IOP

(corticosteroids), and inability to perform reliable visual field testing despite training.
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2.4 Clinical Assessment Protocol
All participants underwent standardized comprehensive ophthalmic examination:

Demographic and medical history: Age, gender, occupation, family history of glaucoma,
systemic comorbidities (diabetes mellitus, hypertension, cardiovascular disease, dyslipidemia),

medication history, and smoking status were systematically documented.

Visual acuity: Best-corrected visual acuity (BCVA) was measured using Snellen's chart at 6
meters with appropriate refractive correction, recorded in decimal notation and converted to

logMAR for statistical analysis.

Slit-lamp biomicroscopy: Comprehensive anterior segment examination assessed corneal
clarity, anterior chamber depth and configuration, iris abnormalities, lens status, and presence

of pseudoexfoliation or pigment dispersion.

Intraocular pressure measurement: IOP was measured using Goldmann applanation
tonometry (GAT), considered the gold standard. Measurements were obtained by a single
experienced technician masked to patient clinical status to minimize inter-observer variability.
Calibration verification was performed weekly. Diurnal IOP assessment involved
measurements at four time points (§ AM, 12 PM, 4 PM, 8 PM) on the same day under controlled
conditions. Patients remained in the hospital facility throughout the assessment period. Diurnal

IOP fluctuation was calculated as the difference between peak and trough values.

Gonioscopy: Anterior chamber angle assessment was performed using Goldmann three-mirror
lens under dim illumination without corneal indentation. Angle grading utilized the Shaffer
system, with documentation of angle pigmentation, peripheral anterior synechiae, and

abnormal structures.

Optic disc examination: Dilated stereoscopic biomicroscopy using 78D or 90D non-contact
lens documented vertical cup-to-disc ratio (VCDR), disc size, rim configuration and color,
presence of disc hemorrhages, peripapillary atrophy, and RNFL defects. Digital disc

photography was performed for documentation.

Optical coherence tomography: Spectral-domain OCT (Cirrus HD-OCT, Carl Zeiss Meditec)
obtained high-resolution cross-sectional images. The optic disc cube protocol (200 x 200 scan
pattern) measured peripapillary RNFL thickness in four quadrants (superior, inferior, nasal,

temporal) and 12 clock-hour sectors. Macular ganglion cell-inner plexiform layer (GC-IPL)
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thickness was also quantified. Only scans with signal strength >7/10 and without artifacts were

included in analysis.

Visual field testing: Automated perimetry using Humphrey Field Analyzer (Carl Zeiss
Meditec) with 24-2 Swedish Interactive Threshold Algorithm (SITA) Standard protocol
assessed functional damage. Reliability criteria required fixation losses <20%, false-positive
and false-negative errors <15%. Visual field indices documented included mean deviation
(MD), pattern standard deviation (PSD), and visual field index (VFI). Severity classification
followed Hodapp-Anderson-Parrish criteria: early (MD better than -6 dB), moderate (MD
between -6 and -12 dB), and advanced (MD worse than -12 dB).

2.5 Disease Classification

POAG severity was categorized based on integrated assessment of structural and functional
parameters: early disease (RNFL thinning with minimal visual field defects, MD >-6 dB),
moderate disease (definite RNFL loss with moderate field defects, MD -6 to -12 dB), and
advanced disease (marked RNFL thinning with extensive field loss, MD <-12 dB, or

involvement of central 5 degrees).
2.6 Treatment Protocol and Follow-up

Newly diagnosed patients initiated topical IOP-lowering therapy according to standardized
protocols: first-line prostaglandin analog (latanoprost 0.005% once daily), second-line -
blocker (timolol 0.5% twice daily) or topical carbonic anhydrase inhibitor if B-blocker
contraindicated, third-line a-agonist (brimonidine 0.2% twice daily). Combination therapy was
implemented as necessary to achieve target IOP (typically >25% reduction from baseline).
Previously treated patients continued their existing regimens with adjustments as clinically
indicated. Follow-up examinations at 6 weeks, 3 months, and 6 months assessed treatment

response through IOP measurement, adherence evaluation, and adverse effect documentation.
2.7 Statistical Analysis

Data were analyzed using SPSS version 28.0 (IBM Corp., Armonk, NY) and GraphPad Prism
version 9.0. Continuous variables were expressed as mean + standard deviation (SD) and
categorical variables as frequencies and percentages. The Shapiro-Wilk test assessed normality
of distribution. Paired t-tests compared IOP values at different time points. Repeated measures
ANOVA evaluated diurnal IOP variations with Bonferroni post-hoc correction for multiple

comparisons. Independent t-tests or Mann-Whitney U tests compared groups based on
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normality. One-way ANOVA or Kruskal-Wallis tests compared multiple groups. Chi-square or
Fisher's exact tests analyzed categorical associations. Pearson or Spearman correlation
coefficients assessed relationships between continuous variables. Multiple linear regression
identified independent predictors of IOP fluctuation and disease severity. Receiver operating
characteristic (ROC) curve analysis evaluated predictive accuracy. Statistical significance was

set at p<0.05 (two-tailed).
3. RESULTS
3.1 Demographic and Clinical Characteristics

A total of 284 patients with confirmed POAG completed the study. Mean age was 58.6 + 11.4
years (range 40-78 years), with age distribution: 40-50 years (18.3%), 51-60 years (38.4%),
61-70 years (31.7%), and 71-80 years (11.6%). The cohort comprised 174 males (61.3%) and
110 females (38.7%), yielding a male-to-female ratio of 1.58:1. Bilateral involvement was

documented in 246 patients (86.6%), with unilateral disease in 38 patients (13.4%).

Family history of glaucoma was reported in 90 patients (31.7%), with first-degree relatives
affected in 67 cases (23.6%). Regarding occupational profile, 42.3% were engaged in outdoor
activities with significant sun exposure. Mean duration from diagnosis was 3.8 £+ 2.6 years

(newly diagnosed patients: 28.5%, <2 years: 24.3%, 2-5 years: 31.0%, >5 years: 16.2%)).

Systemic comorbidities were highly prevalent: hypertension in 126 patients (44.4%), diabetes
mellitus in 80 patients (28.2%), both conditions in 42 patients (14.8%), dyslipidemia in 68
patients (23.9%), cardiovascular disease in 34 patients (12.0%), and thyroid disorders in 18
patients (6.3%). Current smoking was reported by 58 patients (20.4%), with mean smoking
duration 18.6 £+ 9.2 pack-years.

Mean baseline best-corrected visual acuity was 0.34 = 0.28 logMAR (approximately 20/40
Snellen equivalent). Mean vertical cup-to-disc ratio was 0.72 £ 0.14. Central corneal thickness

measured 532.4 + 38.6 um.
3.2 Intraocular Pressure Characteristics and Diurnal Variation

Table 1 presents comprehensive IOP measurements and diurnal variation patterns. Baseline
mean [OP (average of four time points) was 24.8 £ 5.6 mmHg. Significant diurnal variation
was demonstrated with peak IOP at § AM (26.4 + 6.2 mmHg) and trough at 8 PM (21.6 + 4.8
mmHg), representing a mean difference of 4.8 + 2.4 mmHg (p<0.001).
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Table 1: Diurnal Intraocular Pressure Variations and Related Parameters

Parameter Mean + SD Range 95% CI
Baseline IOP (mean) 24.8 £5.6 mmHg | 14.2-42.6 mmHg | 24.1-25.5
IOP at § AM 26.4+ 6.2 mmHg | 15.8-44.2 mmHg | 25.7-27.1
IOP at 12 PM 248+ 5.8 mmHg | 14.6-41.8 mmHg | 24.1-25.5
IOP at 4 PM 23.6 £ 5.4 mmHg | 13.8-40.4 mmHg | 23.0-24.2
IOP at 8§ PM 21.6 £ 4.8 mmHg | 12.2-38.6 mmHg | 21.0-22.2
Diurnal IOP fluctuation | 4.8 + 2.4 mmHg | 1.2-12.8 mmHg | 4.5-5.1
Peak IOP 28.2 £ 6.4 mmHg | 16.4-45.2 mmHg | 27.5-28.9
Trough IOP 20.4 +£4.6 mmHg | 11.8-36.4 mmHg | 19.9-20.9

Repeated measures ANOVA confirmed statistically significant differences between time points
(F=84.36, p<0.001). Post-hoc pairwise comparisons revealed significant differences between
all consecutive time points (all p<0.05). The 8 AM versus 8§ PM comparison demonstrated the

largest difference (4.8 mmHg, p<0.001).

IOP fluctuation stratification showed: low fluctuation (<3 mmHg) in 86 patients (30.3%),
moderate fluctuation (3.1-6 mmHg) in 134 patients (47.2%), and high fluctuation (>6 mmHg)
in 64 patients (22.5%). Gender comparison revealed no significant difference in mean IOP
(males: 24.6 = 5.4 mmHg vs. females: 25.1 = 5.9 mmHg, p=0.482) or diurnal fluctuation
magnitude (males: 4.7 £ 2.3 mmHg vs. females: 5.0 + 2.6 mmHg, p=0.326).

Age-stratified analysis demonstrated increasing IOP with advancing age: 40-50 years (22.8 £+
4.8 mmHg), 51-60 years (24.4 £ 5.2 mmHg), 61-70 years (25.8 = 5.8 mmHg), 71-80 years
(27.2 = 6.4 mmHg), with significant trend (p=0.008 for linear trend). Similarly, diurnal
fluctuation increased with age (p=0.012).

After 6 months of topical therapy, mean IOP was reduced to 17.6 + 4.2 mmHg, representing a
7.2 =+ 3.4 mmHg reduction (29.0% decrease, p<0.001). IOP fluctuation magnitude also
decreased significantly to 3.2 +£ 1.8 mmHg (33.3% reduction, p<0.001).
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3.3 Structural and Functional Assessment

Table 2 presents comprehensive structural and functional parameters stratified by disease

severity. Mean RNFL thickness was 68.4 + 18.6 um, significantly reduced compared to

normative data for age-matched controls (p<0.001).

Table 2: Structural and Functional Parameters Stratified by Disease Severity

(%)

Parameter Overall Early Moderate Advanced p-

(n=284) (n=54, (n=120, (n=110, 38.7%) | value
19.0%) 42.3%)

Mean RNFL | 68.4+18.6 | 86.2+12.4 | 72.4+14.2 52.8+£16.8 <0.001

thickness (um)

Superior RNFL | 74.8+22.4 | 98.6 £18.2 | 78.4+19.6 56.2+20.4 <0.001

(nm)

Inferior RNFL | 71.2+21.8 |94.8+16.8 | 74.8+ 184 53.6+19.2 <0.001

(nm)

Nasal RNFL | 62.6+16.4 | 76.4+ 142 | 64.8+15.6 524 +14.8 <0.001

(nm)

Temporal RNFL | 58.8+14.6 | 72.6 + 12.4 | 60.2 + 13.8 48.6 £12.2 <0.001

(nm)

GC-IPL 64.8+164 | 784+12.8 | 68.2+14.6 52.6+15.2 <0.001

thickness (um)

Cup-to-disc ratio | 0.72+0.14 | 0.58 +£0.08 | 0.68 +0.10 0.84 +0.12 <0.001

Visual field MD | -12.8 + 8.4 | -3.8 £ 1.6 -92+£24 -20.4+6.8 <0.001

(dB)

Visual field PSD | 8.6 +4.2 3.8+14 74+28 12.8 £4.6 <0.001

(dB)

Visual field VFI | 64.8+£24.6 | 92.4+£6.8 72.6 £12.4 42.8 £18.6 <0.001
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Superior and inferior RNFL quadrants demonstrated greatest thinning, consistent with typical
POAG damage patterns. The inferior quadrant showed the most pronounced reduction in

advanced disease (mean 53.6 = 19.2 pm vs. 94.8 + 16.8 um in early disease, p<0.001).

Visual field parameters progressively worsened across severity groups. Mean deviation ranged
from -3.8 £ 1.6 dB in early disease to -20.4 + 6.8 dB in advanced disease (p<0.001). Pattern

standard deviation and visual field index demonstrated corresponding progressive deterioration

(all p<0.001).

Correlation analysis revealed significant relationships between structural and functional
parameters: RNFL thickness and MD (r=0.72, p<0.001), RNFL thickness and VFI (r=0.68,
p<0.001), GC-IPL thickness and MD (r=0.66, p<0.001), and cup-to-disc ratio and MD (r=-

0.58, p<0.001).

3.4 Relationships between IOP Characteristics and Disease Parameters

Table 3 presents correlation analysis between IOP parameters and structural/functional indices,

alongside comparison of IOP characteristics across disease severity groups.

Table 3: Correlation between IOP Parameters and Disease Severity Indices

IOP Parameter vs. Disease Index Correlation Coefficient | p- R?
(r) value

Diurnal IOP fluctuation vs. Disease severity | 0.58 <0.001 | 0.336
Diurnal fluctuation vs. Mean RNFL |-0.52 <0.001 | 0.270
thickness

Diurnal fluctuation vs. Visual field MD 0.48 <0.001 | 0.230
Diurnal fluctuation vs. Cup-to-disc ratio 0.44 <0.001 | 0.194
Mean IOP vs. RNFL thickness -0.38 <0.001 | 0.144
Mean IOP vs. Visual field MD 0.42 <0.001 |0.176
Peak IOP vs. RNFL thickness -0.46 <0.001 |0.212
Peak IOP vs. Visual field MD 0.51 <0.001 | 0.260
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Comparison of IOP Parameters Across Disease Severity Groups:

IOP Parameter Early Moderate Advanced p-
Disease Disease Disease value

Mean IOP (mmHg) 224+4.2 24.6+5.2 26.8+ 6.2 <0.001

Diurnal fluctuation | 3.2+ 1.4 46+2.0 6.4+28 <0.001

(mmHg)

Peak IOP (mmHg) 248 +£4.6 274 +5.8 31.6+7.2 <0.001

Post-hoc analysis confirmed significant differences between all severity groups for mean IOP
(all pairwise p<0.01), diurnal fluctuation (all pairwise p<0.001), and peak IOP (all pairwise
p<0.01).

Patients with high diurnal fluctuation (>6 mmHg) demonstrated significantly worse structural
parameters: mean RNFL thickness 58.2 = 16.4 um versus 74.6 = 18.2 um in low fluctuation
group (p<0.001), and worse functional parameters: MD -16.8 £+ 8.6 dB versus -9.2 + 6.4 dB
(p<0.001).

Multiple linear regression analysis identified independent predictors of RNFL thickness:
diurnal IOP fluctuation (B=-0.34, p<0.001), mean IOP (B=-0.24, p=0.002), age (f=-0.22,
p=0.004), disease duration (f=-0.18, p=0.012), and diabetes mellitus (=-0.14, p=0.038). The
model explained 52.6% of variance in RNFL thickness (adjusted R*=0.526, p<0.001).

Similarly, independent predictors of visual field MD included: diurnal fluctuation (=0.38,
p<0.001), mean IOP ($=0.28, p<0.001), RNFL thickness ($=0.32, p<0.001), age ($=0.16,
p=0.018), and hypertension ($=0.12, p=0.046), explaining 58.4% of MD variance (adjusted
R?*=0.584, p<0.001).

Patients with systemic hypertension demonstrated higher mean IOP (25.8 + 5.8 mmHg vs. 24.0
+ 5.4 mmHg, p=0.014) and greater diurnal fluctuation (5.4 £ 2.6 mmHg vs. 4.4 + 2.2 mmHg,
p=0.002) compared to normotensive patients. Diabetic patients showed similar trends (mean
IOP: 26.2 = 6.2 mmHg vs. 24.2 + 5.2 mmHg, p=0.008; fluctuation: 5.6 £ 2.8 mmHg vs. 4.4 +
2.1 mmHg, p<0.001).

ROC curve analysis evaluating diurnal IOP fluctuation as a predictor of advanced disease
yielded area under curve (AUC) of 0.78 (95% CI: 0.72-0.84, p<0.001), with optimal cutoff of
5.2 mmHg providing sensitivity 72.4% and specificity 68.8%.
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4. DISCUSSION

This comprehensive prospective study establishes that patients with primary open-angle
glaucoma demonstrate substantial diurnal intraocular pressure variations that significantly
correlate with disease severity, structural damage, and functional deficits. The mean diurnal
IOP fluctuation of 4.8 + 2.4 mmHg, with peak pressures occurring in early morning (8 AM)
and troughs in evening (8 PM), aligns with established circadian IOP patterns but demonstrates

considerable individual variability [20].

The strong correlation between diurnal IOP fluctuation magnitude and disease severity (r=0.58,
p<0.001) corroborates findings from the Advanced Glaucoma Intervention Study (AGIS),
which identified IOP fluctuation as an independent risk factor for glaucoma progression, even
when mean IOP was controlled [21]. Similarly, Asrani et al. documented that each 1 mmHg
increase in IOP fluctuation increased the risk of visual field progression by 30%, independent
of mean IOP [22]. Our data extend these findings by demonstrating quantitative relationships
between fluctuation magnitude and both structural (RNFL thinning) and functional (visual field

defects) parameters.

The observation that 22.5% of patients exhibited high IOP fluctuation (>6 mmHg) despite
treatment underscores clinical implications for therapeutic strategies [23]. Traditional
glaucoma management focuses on reducing mean [OP, yet our findings suggest that stabilizing
IOP fluctuation may represent an equally important therapeutic target [24]. Prostaglandin
analogs, the most commonly prescribed first-line agents, demonstrate favorable 24-hour IOP
control profiles with minimal diurnal variation, potentially explaining their superior efficacy in
preventing progression [25]. Liu et al. demonstrated that latanoprost provides more consistent

24-hour IOP reduction compared to timolol, with reduced peak-trough differences [26].

The mean RNFL thickness of 68.4 + 18.6 um in our POAG cohort, significantly reduced
compared to age-matched normative data, reflects progressive retinal ganglion cell axon loss
characteristic of glaucomatous optic neuropathy [27]. The preferential involvement of superior
and inferior RNFL quadrants (74.8 + 22.4 pym and 71.2 = 21.8 um respectively) corresponds to
the typical pattern of glaucomatous damage affecting superior and inferior arcuate nerve fiber
bundles [28]. Leung et al. documented that RNFL thinning rates correlate with IOP fluctuation
magnitude, with each 1 mmHg increase in fluctuation associated with 0.34 pm/year accelerated

RNFL loss [29].
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The strong structure-function correlation observed between RNFL thickness and visual field
MD (r=0.72, p<0.001) validates the parallel nature of structural and functional damage in
glaucoma [30]. However, the relationship is non-linear, with substantial individual variability,
particularly in early disease where structural changes may precede detectable functional
deficits [31]. Hood and Kardon proposed that 25-35% of retinal ganglion cells must be lost
before visual field defects become reliably detectable with standard automated perimetry [32].
This underscores the importance of structural assessment with OCT for early disease detection

and monitoring [33].

Our finding that 38.7% of patients presented with advanced disease (MD <-12 dB) reflects the
insidious nature of POAG and highlights persistent challenges in early detection and screening
[34]. Approximately half of glaucoma cases remain undiagnosed in developed countries, with
even higher rates in developing regions where access to eye care is limited [35]. The high
prevalence of advanced disease at presentation emphasizes urgent need for population-based

screening programs targeting high-risk groups [36].

The demographic profile of our cohort, with mean age 58.6 £ 11.4 years and male
predominance (61.3%), aligns with established POAG epidemiology [37]. The male
preponderance in our series contrasts with some population-based studies showing equal or
slightly higher female prevalence, potentially reflecting gender differences in healthcare-
seeking behavior rather than true disease prevalence [38]. The positive family history rate of
31.7% confirms genetic predisposition as a major risk factor, with first-degree relatives of

POAG patients demonstrating 10-fold increased risk [39].

The high prevalence of systemic comorbidities in our cohort—hypertension (44.4%), diabetes
mellitus (28.2%)—and their associations with higher IOP and greater fluctuation merit careful
consideration [40]. While the relationship between systemic hypertension and glaucoma
remains controversial, emerging evidence suggests that nocturnal hypotension and excessive
blood pressure fluctuation may compromise optic nerve head perfusion, exacerbating
glaucomatous damage through vascular mechanisms [41]. The Barbados Eye Studies
demonstrated that low diastolic perfusion pressure (diastolic blood pressure minus IOP)

represents an independent risk factor for glaucoma incidence and progression [42].

Similarly, diabetes mellitus associations with glaucoma likely involve multiple pathways
including microvascular dysfunction, oxidative stress, and neurodegeneration [43]. Our

observation that diabetic patients demonstrated higher IOP and greater fluctuation (26.2 + 6.2
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mmHg and 5.6 + 2.8 mmHg respectively) aligns with studies documenting impaired aqueous
humor dynamics in diabetes [44]. Zhao et al. reported that diabetic patients with POAG
demonstrate accelerated RNFL thinning and visual field progression compared to non-diabetic

counterparts [45].

The substantial IOP reduction achieved with topical therapy (7.2 + 3.4 mmHg, 29.0% decrease
at 6 months) demonstrates the effectiveness of contemporary medical management when
patients adhere to prescribed regimens [46]. The corresponding 33.3% reduction in diurnal
fluctuation magnitude suggests that optimized treatment addresses both mean IOP and stability
[47]. However, adherence to topical glaucoma medications remains problematic, with studies
documenting only 50-70% adherence rates at 1 year, significantly impacting real-world
effectiveness [48]. Newman-Casey et al. identified multiple barriers to adherence including

medication cost, complexity of regimen, side effects, and inadequate patient education [49].

The identification of diurnal IOP fluctuation as an independent predictor of disease severity in
multivariate analysis (f=-0.34, p<0.001 for RNFL thickness; p=0.38, p<0.001 for visual field
MD) carries important clinical implications [50]. Single-point IOP measurements obtained
during routine office visits may inadequately characterize true IOP exposure and fluctuation
patterns, potentially leading to suboptimal therapeutic decisions [51]. While comprehensive
diurnal IOP assessment requires multiple measurements over extended periods, practical
limitations restrict widespread implementation in clinical practice [52]. Home tonometry
devices and continuous IOP monitoring technologies represent promising approaches to

overcome these barriers [53].

Study strengths include prospective design with standardized protocols minimizing bias,
comprehensive assessment combining IOP dynamics, structural OCT parameters, and
functional visual field testing providing integrated disease characterization, adequate sample
size with statistical power for multivariable analyses and subgroup comparisons, systematic
evaluation of systemic factors and comorbidities often overlooked in ophthalmology-focused
studies, and use of validated, objective diagnostic modalities (OCT, automated perimetry)
reducing measurement subjectivity. Limitations include single-center tertiary care setting
potentially introducing referral bias with overrepresentation of advanced disease, diurnal [OP
assessment over 12 hours (8§ AM to 8 PM) rather than full 24-hour monitoring potentially
missing nocturnal IOP peaks, cross-sectional design at baseline limiting ability to assess

longitudinal progression relationships, relatively short 6-month follow-up precluding
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assessment of long-term progression and treatment durability, lack of standardized control
group of ocular hypertensive patients or normal controls limiting comparative analyses,
potential confounding from heterogeneous treatment regimens in previously diagnosed
patients, and absence of ocular perfusion pressure measurements limiting evaluation of

vascular contributions to glaucomatous damage.

5. CONCLUSION

This comprehensive study establishes that primary open-angle glaucoma patients demonstrate
substantial diurnal intraocular pressure variations averaging 4.8 mmHg, with peak pressures in
early morning and troughs in evening. The magnitude of IOP fluctuation strongly correlates
with disease severity, serving as an independent predictor of both structural damage (retinal
nerve fiber layer thinning) and functional deficits (visual field loss). Nearly 39% of patients
presented with advanced disease, reflecting persistent challenges in early detection despite
available screening technologies. Systemic comorbidities, particularly hypertension and
diabetes mellitus, associate with higher IOP levels and greater fluctuation, suggesting
multifactorial disease mechanisms involving both mechanical and vascular pathways. Topical
medical therapy achieves substantial IOP reduction and fluctuation stabilization, though
individual response variability necessitates personalized treatment approaches. The findings
emphasize that comprehensive glaucoma assessment should extend beyond single-point IOP
measurements to characterize diurnal variation patterns, integrate structural and functional
evaluations, and consider systemic factors in risk stratification and therapeutic planning.
Implementation of standardized diurnal IOP profiling protocols, enhanced early detection
programs targeting high-risk populations, and development of therapeutic strategies
specifically addressing IOP fluctuation represent important priorities for optimizing glaucoma
care and preventing irreversible vision loss. Future research should focus on longitudinal
studies assessing progression relationships with IOP dynamics, comparative effectiveness trials
of treatment regimens optimized for fluctuation reduction, investigation of vascular and
systemic contributions to glaucomatous optic neuropathy, development of practical home
monitoring technologies enabling comprehensive IOP characterization, and exploration of

neuroprotective strategies complementing IOP-lowering therapies to preserve visual function.
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