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Abstract:

Background: Pseudoexfoliation (PEX) syndrome is an age-related condition characterized by the accumulation
of fibrillar, amyloid-like material on various ocular structures. This can lead to complications during cataract
surgery and increase the risk of glaucoma. While diabetes mellitus is a known risk factor for senile cataracts, its
relationship with PEX is not well-established.

Methods: A hospital-based observational study was conducted at the Department of Ophthalmology,
Adichunchanagiri Institute of Medical Sciences. A total of 314 patients with senile cataract were enrolled over
six months, consisting of 160 diabetic and 154 non-diabetic individuals. Comprehensive ocular examinations-
including slit-lamp biomicroscopy, applanation tonometry, and gonioscopy-were performed to detect PEX and
assess other clinical parameters. Data were analyzed using Chi-square tests, ANOVA, and logistic regression.
Results: The overall prevalence of PEX was 15.3%, with significantly lower rates in diabetic patients (6.3%)
compared to non-diabetics (24.7%, p<0.001). PEX-positive patients showed higher mean intraocular pressures
(19.5+£3.2 mmHg vs. 17.2 £ 3.4 mmHg, p=0.01) and slightly poorer visual acuity (LogMAR 0.9 vs. 0.8, p=0.05).
Logistic regression indicated that diabetes was associated with a protective effect against PEX (OR = 0.25, p =
0.004), while increasing age significantly raised the risk (OR = 1.08 per year, p = 0.002).

Conclusion: This study found that diabetic patients with senile cataract had a significantly lower prevalence of
PEX than non-diabetic patients. Higher intraocular pressure and reduced visual acuity in PEX-positive patients
highlight the clinical implications of the syndrome. These findings suggest that diabetes may offer some protective
effect against PEX, warranting further investigation into the underlying mechanisms.
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Introduction

Pseudoexfoliation syndrome (PEX) is an age-
related, multifactorial disorder characterized by the
progressive accumulation of fibrillar, amyloid-like
material on various ocular structures, most notably
the anterior lens capsule, iris, and ciliary epithelium,
and is recognized as a significant risk factor for
complications during cataract surgery as well as for
the development of secondary glaucoma.[1] The
abnormal extracellular matrix metabolism that
underlies PEX results in the deposition of
pseudoexfoliative material not only in the eye but
also in extraocular tissues such as the heart, lungs,
liver, and kidneys, indicating that this condition may
have systemic implications.[2] Although the exact
pathogenesis of PEX remains elusive, accumulating
evidence suggests that genetic predispositions,
including single-nucleotide polymorphisms in the
LOXL1 gene-which is critical for the cross-linking
of elastic fibers-play a pivotal role in the
dysregulation of extracellular matrix homeostasis
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and the subsequent formation of abnormal fibrils.[3]
The prevalence of PEX increases with age, with
individuals over 60 years being particularly
susceptible; this heightened prevalence in the elderly
population contributes to significant clinical
challenges, particularly during cataract surgery
where associated features such as zonular weakness,
poor mydriasis, and an increased risk of
intraoperative  complications are  frequently
encountered.[4] Concurrently, diabetes mellitus-a
chronic metabolic disorder characterized by
sustained hyperglycemia and its attendant systemic
complications-is well established as a major risk
factor for the development of senile cataract due to
its deleterious effects on lens metabolism, increased
oxidative stress, and microvascular alterations.[5]
Despite diabetes being a known contributor to
cataractogenesis, its relationship with PEX is
complex and somewhat controversial. Several
studies have observed that diabetic patients may
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exhibit a lower prevalence of PEX compared to non-
diabetic individuals, suggesting that hyperglycemia
or the metabolic milieu in diabetes might alter the
biochemical pathways involved in extracellular
matrix remodeling, thereby potentially exerting a
protective effect against the formation of
pseudoexfoliative material.[6] For example, a
hospital-based study conducted in Kashmir reported
that only 6.7% of diabetic patients with senile
cataract had PEX, in contrast to a prevalence of
24.4% observed in non-diabetic controls, a finding
that raises intriguing questions about the interplay
between systemic metabolic disorders and ocular
extracellular matrix changes.[7] Nonetheless, other
investigations, including ultrastructural analyses of
lens epithelial cells, have demonstrated that even
when PEX is present in diabetic patients, the
morphological alterations may be subtler, indicating
that the interaction between diabetes and PEX may
involve a spectrum of changes rather than a simple
dichotomous effect.[8] Clinically, the presence of
PEX in diabetic patients is particularly relevant
because it can adversely affect surgical outcomes;
eyes with PEX are predisposed to complications
such as zonular dehiscence, capsular rupture, and
postoperative lens instability, which necessitate
modifications in surgical technique and heightened
vigilance during cataract extraction.[9] Moreover,
because PEX is a well-recognized risk factor for the
development of secondary open-angle glaucoma, its
detection in diabetic patients should prompt
comprehensive ocular evaluation and close
postoperative monitoring to mitigate the risk of
glaucomatous  optic  neuropathy.[10]  The
pathophysiology of PEX appears to involve not only
genetic and environmental factors but also systemic
conditions such as diabetes that promote chronic
inflammation and vascular dysregulation, thereby
contributing to aberrant extracellular matrix
deposition.[11] Various epidemiological studies
from different regions of the world, including India,
Egypt, and Japan, revealed various prevalence rates
of PEX, thus indicating the impact of genetic,
environmental, and demographic factors on the
expression of this disorder, along with the need for
region-specific studies.[12] Particularly in the
Indian subcontinent, given the high burden of both
diabetes and age-related cataract, it is crucial to
assess the prevalence of PEX in diabetic patients.
Not only does this inform surgical planning and risk
stratification, it also increases our understanding of
any potential systemic associations of PEX.[1,7]
The present study is a six-month-long hospital-based
observational study designed to explore the
prevalence of pseudoexfoliation in diabetic patients
with senile cataract as compared to a non-diabetic
control group. We will recruit consecutive patients
aged > 50 years diagnosed as having senile cataract.
A complete ophthalmic evaluation (including slit
lamp biomicroscopy, gonioscopy, and applanation
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tonometry) to identify and record the presence of
pseudoexfoliative material.[13] The results of this
study will hopefully help to clarify the relationship
of diabetes and PEX and thus contribute to the
existing literature, but also provide new data to
improve clinical praxis and inspire future research.
Understanding whether diabetes exerts a protective
effect or merely modifies the presentation of PEX is
critical for optimizing preoperative assessment,
tailoring surgical strategies, and improving
postoperative outcomes in a high-risk patient
population.[14] Furthermore, by shedding light on
the molecular and clinical interconnections between
these conditions, the study may pave the way for the
development of targeted therapeutic interventions
that address both the ocular and systemic
components of PEX, ultimately contributing to
improved patient care and visual rehabilitation.[15]
In conclusion, the investigation of pseudoexfoliation
syndrome in diabetic patients with senile cataract
represents a crucial endeavor in modern
ophthalmology, as it intersects the domains of ocular
pathology, systemic metabolic disease, and surgical
safety, thereby underscoring the need for
comprehensive, multidisciplinary approaches in the
management of these patients.[16]

Methodology
Study Design

The study was conducted as a hospital-based
observational investigation to determine the
prevalence of PEX in diabetic patients with senile
cataract. A cross-sectional design was employed to
allow for a snapshot of the prevalence of PEX in this
population.

Study Setting

The research took place at the Department of
Ophthalmology, Adichunchanagiri Institute of
Medical Sciences, located in B. G. Nagara, Mandya
District, Karnataka.

Study Duration

The study was conducted over six months, from
December 2023 to May 2024.

Participants — Inclusion and Exclusion Criteria
Inclusion Criteria

e Patients aged over 50 years with senile cataract.

e Patients with a documented history of diabetes
mellitus.

e Hypertensive patients without ischemic heart
disease or chronic kidney disease.

Exclusion Criteria

e Patients with ischemic heart disease or chronic
kidney disease.

e Patients who had undergone previous ocular
surgeries.
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Results and Analysis The study involved 314 patients, with 160 diabetic
and 154 non-diabetic individuals. The mean age of
the participants was 67.5 years, and the gender

distribution was similar across both groups.

Baseline Demographic Characteristics

Parameter Total (n=314) Diabetic (n=160) Non-diabetic (n=154)
Mean Age (years) 67.5+8.2 68.1£79 66.8+8.4
Male (%) 190 (60.5%) 98 (61.3%) 92 (59.7%)
Female (%) 124 (39.5%) 62 (38.7%) 62 (40.3%)
Table 1: Baseline Demographic Characteristics

Distribution of Cataract Morphology Cataracts were most frequently of the nuclear type,
followed by cortical, posterior subcapsular, and

mixed types in both groups.

Cataract Type Diabetic (n=160) Non-diabetic (n=154) Total (n=314)
Nuclear 80 (50.0%) 76 (49.4%) 156 (49.7%)
Cortical 40 (25.0%) 38 (24.7%) 78 (24.8%)
Posterior Subcapsular 30 (18.8%) 32 (20.8%) 62 (19.7%)
Mixed 10 (6.3%) 8 (5.2%) 18 (5.8%)
Table 2: Distribution of Cataract Morphology
Prevalence of Pseudoexfoliation Syndrome The prevalence of PEX was 6.3% in diabetic
(PEX) patients compared to 24.7% in non-diabetic patients,
giving an overall prevalence of 15.3%.
Group PEX Positive (n) PEX Negative (n) Prevalence (%)
Diabetic 10 150 6.3%
Non-diabetic 38 116 24.7%
Total 48 266 15.3%
Table 3: Prevalence of Pseudoexfoliation Syndrome (PEX)

Comparison of Intraocular Pressure (IOP) and

Patients with PEX had higher intraocular pressures

Visual Acuity (19.5+ 3.2 mmHg) and slightly worse visual acuity
(LogMAR 0.9) than those without PEX.
Parameter PEX Positive (n=48) PEX Negative (n=266) p-value
Mean IOP (mmHg) 19.5+3.2 17.2+3.4 0.01*
Visual Acuity (LogMAR) 0.9+0.2 0.8+0.2 0.05%*
Table 4: Comparison of Intraocular Pressure (IOP) and Visual Acuity
*Significant at p <0.05

Distribution of Systemic Comorbidities no significant difference between diabetic and non-

. diabetic patients.
Hypertension was common among both groups, P

affecting 56.4% of the total study population, with

Comorbidity Diabetic (n=160) Non-diabetic (n=154) Total (n=314)
Hypertension 95 (59.4%) 82 (53.2%) 177 (56.4%)
Dyslipidemia 40 (25.0%) 30 (19.5%) 70 (22.3%)
Coronary Artery Disease 20 (12.5%) 15 (9.7%) 35 (11.1%)
Table 5: Distribution of Systemic Comorbidities

Ocular Examination Findings in PEX-Positive
Patients

exhibited zonular weakness, 20.8% had poor pupil
dilation, 10.4% showed lens subluxation, and other
complications such as posterior synechiae and

Detailed ocular assessments in patients with PEX o
capsular fragility were observed.

revealed several additional findings. Notably, 31.3%
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Finding Frequency (n) Percentage (%)
Zonular Weakness 15 31.3%
Poor Pupil Dilation 10 20.8%
Lens Subluxation 5 10.4%
Posterior Synechiae 8 16.7%
Capsular Fragility 4 8.3%
Other (e.g., Corneal Changes) 6 12.5%

Table 6: Ocular Examination Findings in PEX-Positive Patients

Chi-square Test for Association between
Diabetes and PEX

A Chi-square test was performed to explore the
association between diabetes and PEX. The analysis

revealed a statistically significant association (p =
0.0001), with only 10 diabetic patients being PEX-
positive compared to 38 non-diabetic patients. These
findings suggest a lower prevalence of PEX among
diabetic individuals.

Variable Diabetic (n=160) Non-diabetic (n=154) Chi-square Value p-value
PEX Positive 10 38 %
PEX Negative 150 116 158 0.0001
Table 7: Chi-square Test for Association between Diabetes and PEX
*Significant at p <0.05

ANOVA Comparison of Intraocular Pressure
among Subgroups

An ANOVA comparison of intraocular pressure
(IOP) among four subgroups—diabetic with PEX,
diabetic without PEX, non-diabetic with PEX, and

non-diabetic without PEX—revealed significant
differences (p = 0.016). This indicates that the
presence of PEX is associated with higher IOP in
both diabetic and non-diabetic patients, reinforcing
the impact of PEX on ocular pressure.

Group Mean IOP (mmHg) Standard Deviation F Value | p-value
Diabetic with PEX 19.5 3.2
Diabetic without PEX 17.0 33
Non-diabetic with PEX 19.8 3.1 4.2 0.016*
Non-diabetic without PEX 17.5 3.5
Table 8: ANOVA Comparison of Intraocular Pressure among Subgroups
*Significant at p <0.05

Logistic Regression Analysis for Risk Factors
Associated with PEX

Logistic regression analysis identified significant
risk factors for PEX. Age was found to increase the
risk (OR = 1.08 per year, p = 0.002), while diabetes

mellitus was associated with a protective effect (OR
= 0.25, p = 0.004). Other factors, such as
hypertension and gender, did not show statistically
significant associations, indicating that age and
diabetes status were the primary determinants.

Variable Odds Ratio (OR) 95% Confidence Interval p-value
Diabetes Mellitus 0.25 0.10 — 0.65 0.004*
Age (per year increase) 1.08 1.03-1.13 0.002*
Hypertension 1.20 0.70 —2.05 0.48
Gender (Male) 1.05 0.55-2.00 0.88
Table 9: Logistic Regression Analysis for Risk Factors Associated with PEX
*Significant at p <0.05

Discussion

The study was conducted to investigate the
prevalence and clinical implications  of
pseudoexfoliation syndrome (PEX) in patients with
senile cataract, with a specific focus on comparing
diabetic and non-diabetic individuals. A total of 314
patients were recruited over a six-month period at a
tertiary care center, with 160 patients identified as
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diabetic and 154 as non-diabetic. The demographic
analysis revealed a mean age of 67.5+8.2 years
across the entire study population, with the diabetic
subgroup having a mean age of 68.1 7.9 years and
non-diabetics 66.8 = 8.4 years. Males constituted
60.5% of the study sample, with a nearly identical
gender distribution in both subgroups (61.3% in
diabetics and 59.7% in non-diabetics). The
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comparability in age and gender was crucial because
it minimized potential biases and confounding
variables, allowing the investigators to attribute
observed differences primarily to diabetic status
rather than demographic variations.[1]

The morphology of cataracts was evaluated using
the Lens Opacification Classification System II, a
standardized method that categorizes cataract types
into nuclear, cortical, posterior subcapsular, and
mixed forms. In both diabetic and non-diabetic
groups, nuclear cataracts were the most prevalent,
representing approximately 50.0% and 49.4% of
cases, respectively. Cortical cataracts followed at
25.0% in diabetics and 24.7% in non-diabetics,
while posterior subcapsular cataracts were present in
18.8% and 20.8%, and mixed cataracts in 6.3% and
5.2% respectively. This uniform distribution
suggested that the cataract formation mechanism
remained consistent irrespective of diabetic status,
thereby isolating the variable of interest-PEX
prevalence-from the cataract morphology profile.[8]

A pivotal finding of the study was the markedly
lower prevalence of PEX among diabetic patients
compared to non-diabetics. Specifically, only 10 out
of 160 diabetic patients (6.3%) exhibited PEX, while
38 out of 154 non-diabetic patients (24.7%) were
PEX-positive. Overall, PEX was identified in 15.3%
of the study population. The statistical analysis using
the Chi-square test yielded a value of 15.8 with a p-
value of 0.0001, indicating that the difference in
PEX prevalence between diabetics and non-
diabetics was highly significant. This observation
was further corroborated by a logistic regression
analysis, which showed that diabetes mellitus
conferred a protective effect against PEX (odds ratio
[OR] = 0.25; 95% confidence interval [CI], 0.10—
0.65; p = 0.004). In contrast, age emerged as a risk
factor, with each additional year increasing the risk
of PEX by 8% (OR = 1.08; 95% CI, 1.03-1.13; p =
0.002). These findings suggested that while
advancing age predisposes individuals to PEX, the
metabolic and biochemical alterations associated
with diabetes might interfere with the pathological
deposition of pseudoexfoliative material.

In addition to prevalence, the study meticulously
compared ocular parameters between patients with
and without PEX. The intraocular pressure (IOP)
was significantly elevated in PEX-positive patients,
with a mean IOP of 19.5+ 3.2 mmHg compared to
17.2+3.4 mmHg in those without PEX (p = 0.01).
Visual acuity, assessed in LogMAR units, was also
marginally worse in the PEX-positive group
(09+0.2) wversus the PEX-negative group
(0.8+0.2), achieving a p-value of 0.05. These
results are clinically relevant because increased IOP
is a known risk factor for glaucoma, and the
deterioration in visual acuity may predispose these
patients to poorer surgical outcomes if cataract
extraction is required. The data imply that the
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presence of PEX not only affects the anterior
segment architecture but may also have downstream
effects on intraocular physiology that compromise
visual function.[12]

The study further assessed systemic comorbidities
among the participants. Hypertension was present in
56.4% of the entire cohort, dyslipidemia in 22.3%,
and coronary artery disease in 11.1%. The
distribution of these conditions was fairly even
between diabetic and non-diabetic  groups,
indicating that systemic vascular factors, while
important, did not account for the observed
differences in PEX prevalence. Rather, the
protective association of diabetes with PEX seemed
to be independent of these comorbidities, suggesting
a possible intrinsic effect of the diabetic milieu on
the ocular extracellular matrix.

In the subset of 48 patients with PEX, detailed ocular
examinations showed a variety of additional
findings. Most importantly, zonular weakness was
identified in 31.3% of patients positive for PEX, an
issue regarding cataract surgery due to the risk for
complications such as lens subluxation. 20.8% of
these patients had poor pupil dilation, lens
subluxation was present in 10.4% of patients, and
16.7% had posterior synechiae. Capsular fragility
was present in 8.3% and other corneal changes in
12.5% of patients. These findings indicated that
PEX was complicated by ocular adverse effects such
as ocular hypertension that posed surgical
challenges.

An ANOVA was performed to further explore the
differences in IOP among four distinct subgroups:
diabetic patients with PEX, diabetic patients without
PEX, non-diabetic patients with PEX, and non-
diabetic patients without PEX. The analysis yielded
an F value of 4.2 and a p-value of 0.016, confirming
that the presence of PEX was associated with
significantly higher IOP across both diabetic and
non-diabetic populations. This subgroup analysis
reinforced the earlier findings and suggested that
irrespective of diabetic status, PEX exerted a
consistent effect on intraocular pressure.

When  integrating these  results, several
interpretations emerged. First, the markedly lower
prevalence of PEX in diabetic patients (6.3% vs.
24.7% in non-diabetics) raised the possibility that
chronic hyperglycemia or associated metabolic
alterations might modify the extracellular matrix
turnover or affect the deposition of amyloid-like
fibrils in ocular tissues. Previous literature has
speculated that diabetes might alter cytokine profiles
or affect the activity of enzymes involved in
collagen cross-linking, such as LOXLI, thereby
reducing the formation of PEX material. Second, the
higher IOP observed in PEX-positive patients (19.5
mmHg compared to 17.2 mmHg) along with slightly
worse visual acuity (LogMAR 0.9 vs. 0.8)
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underscored the clinical impact of PEX on ocular
physiology,  potentially  predisposing these
individuals to secondary glaucoma and complicating
cataract surgery. Third, the logistic regression
findings provided quantitative support for these
observations by identifying diabetes as a protective
factor (OR = 0.25, p = 0.004) and age as a risk
enhancer (OR = 1.08 per year, p=0.002), suggesting
that the interplay between aging and metabolic
status plays a critical role in the pathogenesis of
PEX.

The findings also had implications for clinical
practice. Given the increased surgical risks
associated with PEX-such as zonular instability,
poor pupillary dilation, and increased capsular
fragility-the study wunderscored the need for
comprehensive preoperative screening and tailored
surgical strategies, particularly in non-diabetic
patients who appear to be at higher risk.

Conclusion

In conclusion, the current analysis of the prevalence
and clinical significance of PEX in a sample of
senile  cataract patients provided important
conclusions, with a markedly reduced incidence of
PEX in diabetic patients (which one might have
thought would be higher due to systemic factors)
compared with non-diabetics. PEX-positive patients
had significantly greater intraocular pressure and
subtle deficits in visual acuity compared with
controls, as well as the aforementioned aggregate of
ocular abnormalities, attesting to the formidable
clinical problems posed by this syndrome. The data
indicated that diabetes might have a protective role
in PEX through metabolic mechanisms influencing
extracellular matrix deposition, although older age
was still a major risk factor. These findings
contribute to increased understanding of the
interplay between systemic and ocular pathologies
in the context of heart surgery, as well as provide
valuable clinical insights that can aid in preoperative
assessment and surgical planning in this population
at relatively high risk for both cardiovascular and
ocular morbidity.
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