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Abstract 

Background: Pseudoexfoliation syndrome [PEX] is characterized by a powdery substance in 

the anterior chamber, composed of various glycoproteins, which have an unclear origin. Its 

deposition is observed on the pupillary margin, lens zonules, and trabecular meshwork. 

Proteomic studies have identified numerous proteins in affected individuals, suggesting 

associations with systemic conditions like heart disease, stroke, and Alzheimer’s disease. 

However, the systemic associations of PEX remain inconclusive, particularly in regions like 

southern India. 

Materials and Methods: A cross-sectional study was conducted on 114 participants. 

Pseudoexfoliation was graded as mild, moderate and severe per a standard photographic 

grading. Systemic examinations included blood pressure measurements, electrocardiography, 

and blood investigations for serum lipid profile, fasting and postprandial blood sugar levels, 

and serum C-reactive protein levels. All the patients underwent small incision cataract surgery. 

Intraoperative complications and postoperative status were noted down.  

Results: Thirty-eight patients (33.3%) had mild PEX, 44 (38.6%) had moderate PEX, and 32 

(28.1%) had severe PEX. Hypertension was present in 54 participants (47.4%), diabetes in 21 

(18.4%), coronary artery disease in 9 (7.9%), and cerebrovascular accidents in 3 (2.6%). The 

mean systolic blood pressure was 140.39 mmHg, and the mean diastolic blood pressure was 

90.37 mmHg. Systolic blood pressure exceeded 140 mmHg in 29 participants (90.6%) with 

severe PEX, while diastolic blood pressure surpassed 90 mmHg in 26 (81.3%) participants with 

severe PEX, with a p-value of 0.001. Mean fasting and postprandial blood sugar levels were 

103.80 ± 31.81 mg/dl and 131.72 ± 48.24 mg/dl, respectively. Electrocardiographic results 

indicated that 54 participants (47.37%) had abnormal ECGs, including rate, conduction, 
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ischemic, and structural defects. Of these, 13.2% had rate defects, 12.3% had conduction 

defects, 10.5% had ischemic changes, and 11.4% had structural defects. 

Conclusion: This study highlights the significantly elevated parameters of systemic vascular 

diseases in PEX patients, like elevated blood pressure and more frequent cardiac abnormalities, 

emphasizing the need for comprehensive systemic evaluation and careful preoperative 

assessments for ocular complications  
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Introduction 

“Pseudoexfoliation syndrome” was first documented by “John Gustaf Lindberg” almost a 

hundred years ago[1,2]. It is characterized by a ‘dandruff-like’ substance in the anterior 

chamber with a unique deposition pattern on the “anterior lens capsule, creating a double 

concentric ring pattern with a clear zone associated with an iris movement.” PEX material is 

also observed at the pupillary margin, lens zonules, and trabecular meshwork, composed of 

various glycoproteins with an unclear origin, potentially deriving from the “iris, lens 

epithelium, ciliary body, or trabecular meshwork” [3]. It has a significant variation in 

prevalence across different geographical regions, ranging from 0% to 38%, even within the 

same population [4] and its prevalence increases with age [5]. Severe genes have been 

attributed to PEX, notably LOX1 and CLU genes. [6–9]  

                   Proteomics studies have identified proteins such as “vitamin D binding protein,” 

“apolipoprotein A4”, “lysyl oxidase-like-1”, and “complement C3” in the anterior segment 

tissues and fluids of individuals affected by PEX[10]. The protein composition of PEX 

syndrome was investigated using liquid chromatography and tandem mass spectrometry, 

identifying 66 proteins, including 13 novel constituents, with gene expression analysis and 

pathway studies implicating “extracellular matrix organization, elastic fiber formation, and the 

complement cascade,” offering molecular insights into the disease’s complexity and its 

associations with heart disease, stroke, and Alzheimer’s disease [11,12]. Electron microscopic 

and ultrastructural examinations have demonstrated the presence of PEX materials in various 

visceral organs and extraocular sites, identifying them “adjacent to elastic and oxytalan fibers,” 

with “positive staining for elastin and human amyloid P protein,” resembling characteristics 

observed in ocular sites [3,13,14]. Moreover, there has been evidence of coronary artery 
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disease, hypertension, electrocardiogram abnormalities, dyslipidemia and elevated C-reactive 

protein in PEX patients. [15–21] 

                 Substantial literature suggests a “positive association of PEX with ischemic heart 

disease and blood pressure.” However, some studies found no significant links, and many were 

limited by reliance on hospital health records for systemic disease assessment [19,22–24]. Few 

studies have been conducted on PEX and its systemic associations in India. Due to previous 

studies’ inconclusive and inconsistent results, further research is needed, especially in southern 

India. It may have significant public health and clinical implications, as slit-lamp examinations 

for PEX diagnosis could identify individuals at increased risk of diabetes, hyperlipidemia, 

hypertension, and cardiovascular abnormalities. This study aims to determine the correlation 

between the severity of ocular PEX and abnormalities of systemic vascular parameters, as well 

as the prevalence of PEX and its ocular manifestations. 
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Review of literature 

Historical background 

John Gustaf Lindberg (1884–1973) first documented exfoliation syndrome in his doctoral 

thesis a hundred years ago when he was doing a residency in ophthalmology. (1,2)  

                    Motivation for his work is rooted in Theodor Axenfeld’s observations (25), which 

highlighted the remarkably feeble response to standard mydriatics frequently observed in 

elderly eyes. Lindberg had reviewed articles by Axenfeld in which two forms of “age-related 

iris degenerations” were delineated. The “first type” was marked by “hyaline degeneration of 

the pupillary border,” while the “second type” exhibited “autonomous pigmentary atrophy and 

depigmentation of the iris pigment epithelium.” (2,25) 

                    Lindberg also cited early observations by Fuch (1,26), who stated, “In some eyes, 

I observed a strange change of the tissue behind the sphincter. At the pupillary border, it 

assumed a homogeneous hyaline character, which in part was also displayed by the septa 

penetrating the sphincter. (...) Owing to this transformation, the tissue has not only assumed 

an appearance resembling hyaline cartilage, but it has also increased in volume so that the 

sphincter is separated from the pigment layer as far as the pupillary border by a rather thick 

layer of tissue.”  

                    Tarkkanen A (27) emphasizes Lindberg’s pioneering work on “greyish flakes and 

fringes at the pupillary border and anterior lens capsule,” which Lindberg observed “could 

coalesce into a membrane or circular disc.” Lindberg noted age as a critical factor in the 

prevalence of these flakes, which are more common in senile cataracts and control patients 

aged 55 or older. Among Lindberg’s subjects(1,27), including 60 chronic glaucoma patients, 

50% had these flakes in the pupillary margin, as highlighted by Tarkkanen A.  
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                    Tarkkanen A (27) outlined various theories on the subject. Some authors proposed 

that uveal vascular changes, resembling a form of exudation, might be involved in exfoliation. 

Other implicated sources included the “iris pigment epithelium, aqueous humor, descemet 

membrane, zonule, lamina vitrea of the Bruch membrane, vitreous, and the lens capsule.” Some 

hypothesized that “chemically altered aqueous humor could precipitate on the lens capsule.” 

Moreover, it was theorized that “aqueous humor might have a degenerative impact on the lens 

capsule, eventually leading to exfoliation.” 

                    In 1957, Ashton suggested the ciliary epithelium as the primary site of 

involvement, referencing Dvorak-Theobald’s (28) histologic examination, where she termed 

the condition “pseudocapsular exfoliation.” She identified accumulations of “unknown 

material, deposits, mucopolysaccharides, and tyrosine on the anterior lens surface,” introducing 

the term “pseudoexfoliation” to differentiate it from “true exfoliation,” aiming to characterize 

the unique nature of the observed accumulations and their association with the anterior lens 

structures. 

                    Elschnig documented “true exfoliation syndrome” (29), a rare eye condition, with 

an initial report focusing on two glassblower patients. Subsequently, Dvorak-Theobald(30) 

observed a decrease in the compelling need to differentiate “patients with true exfoliation of 

the lens capsule,” as this condition has become uncommon.  

Epidemiology 

Patil et al. note that pseudoexfoliation syndrome, an age-related condition, demonstrates 

significant variations in prevalence across different geographical regions, ranging from 0% to 

38%, even within the same population. (4) The reasons for these variations remain inadequately 

studied. Such differences might arise from genuine biological or ecological factors or be 
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influenced by variances in examination methods and diagnostic capabilities, as described in 

multiple studies. (31–36) 

                    Forsius H’s study reveals that pseudo-exfoliation syndrome prevalence, ranging 

from 5% to 20%, is significantly elevated in populations with Scandinavian, Northern 

European, and Mediterranean ancestry, significantly impacting Nordic and Eastern 

Mediterranean countries. In contrast, East Asian and Inuit populations, including Greenland 

Inuits, exhibit the lowest reported prevalence, potentially reaching zero. (33)On the other end 

of the spectrum, Faulkner, in 1971, noted that the prevalence of pseudo-exfoliation syndrome 

could be notably high, reaching up to 38% among Navajo Nation Indians. (37)  

                    In Mitchell et al.’s Blue Mountains Eye Study (1999), “pseudoexfoliation was 

diagnosed in 2.3% of subjects, and its prevalence increased with age”. (5) In a 2004 study in 

China by Young et al., pseudoexfoliation was found to be a “rare condition among Chinese 

individuals, with a prevalence rate of 0.4% observed in patients aged 60 or above”, indicating 

its lower occurrence in this demographic group within the Chinese population. (31) As per 

Irvine’s 1940 study, the historical incidence of pseudoexfoliation in India is reported at 8%, 

which Irvine attributes to examining exclusively elderly patients admitted for cataract 

extraction. (38) 

                    According to a 1968 study by Sood et al., “the incidence of pseudoexfoliation in 

South India” is reported as 1.87% in all subjects over 50 years, increasing to 3.12% in those 

over 60 years, and reaching 9.62% among individuals over 70 years, suggesting an age-related 

rise in occurrence, particularly in older age groups. (34) According to a “hospital-based study” 

conducted in India in 2003, the “prevalence of pseudoexfoliation syndrome varies significantly, 

ranging from 1.87% to 13.5%”. (39) 
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                    In 2015, Vijayalaxmi et al. conducted a study on the prevalence of 

pseudoexfoliation in Southern India, reporting a prevalence of 0.6% for patients with 

Pseudoexfoliation Syndrome (PXF) and noting an observed increase in PXF prevalence with 

advancing age. (40) 

Genetics 

In 2011, Schlötzer-Schrehardt mentioned that pseudoexfoliation syndrome is a complex, late-

onset condition influenced by genetic and non-genetic factors. Although LOXL1 is a notable 

genetic risk factor, the specific causative variants remain unclear, implying potential 

contributions from additional genes or environmental factors in developing pseudoexfoliation 

syndrome. (6) 

                     Thorleifsson et al. 2007 identified three LOXL1 gene variants “associated with a 

2.5-fold increased risk” of pseudoexfoliation syndrome, forming a high-risk haplotype linked 

to a 700 times higher risk in carriers. (7) Chen et al. (2010) found a consistent association 

between the rs3825942 SNP in LOXL1 and exfoliation syndrome/glaucoma but no significant 

association with primary open-angle glaucoma across diverse populations. (8) 

                     Krumbiegel et al. (2009) investigated genetic factors associated with 

pseudoexfoliation syndrome and glaucoma by examining six candidate genes in German 

cohorts. Only rs2279590 in the CLU gene was associated with pseudoexfoliation in Germans, 

highlighting potential ethnic differences in genetic susceptibility. “FBN1, LTBP2, MFAP2, 

TGF-b1, and TGM2” did not play a significant role in pseudo-exfoliation syndrome etiology 

in the German population. (9) 
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Proteomics of pseudoexfoliation 

According to Morris et al. (2021), Pseudoexfoliation syndrome involves the accumulation of 

microfibrillar material in ocular structures, leading to pseudoexfoliation glaucoma (PEXG) and 

increased intraocular pressure. Proteomics studies have identified proteins such as “vitamin D 

binding protein,” “apolipoprotein A4”, “lysyl oxidase-like-1”, and ‘complement C3’ in Pseudo-

exfoliation-affected individuals’ anterior segment tissues and fluids. The varying levels of these 

proteins across eye structures indicate their involvement. Both “genetic and environmental 

factors play a role in Pseudoexfoliation development,” and ongoing research aims to unravel 

their impact on protein expression and function, contributing to understanding 

Pseudoexfoliation glaucoma’s pathophysiology. (10) 

                     In a study by Sharma et al. (2018), the protein composition of pseudoexfoliation 

syndrome, an age-related ocular disease with systemic implications, was investigated. Using 

liquid chromatography and tandem mass spectrometry, 66 proteins within pseudoexfoliation 

material, including 13 novel constituents, were identified, offering insights into the disease’s 

complexity. Gene expression analysis suggested contributions from the lens epithelium and 

aqueous humor to pseudoexfoliation material. Pathway and network analyses implicated 

“extracellular matrix organization,” “elastic fiber formation,” and the “complement cascade,” 

with fibronectin playing a central role. The findings provided molecular perspectives on 

pseudoexfoliation syndrome’s associations with heart disease, stroke, and Alzheimer’s disease, 

advancing our understanding of its pathophysiology. (11) 

                     Zenkel et al. 2010 explored proinflammatory cytokines’ role in PEX 

syndrome/glaucoma, finding a threefold increase in “IL-6 and IL-8” during “early stages.” 

Late-stage PEX/glaucoma showed no significant differences from controls. The study implies 
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that stress-induced inflammation contributes to the fibrotic matrix in PEX syndrome/glaucoma 

initiation. (12) 

Ocular manifestations 

In 2006, “Schlotzer-Schrehardt U and Naumann GO” elucidated the “ocular features of 

pseudoexfoliation syndrome,” emphasizing “the deposition of fibrillar material on structures 

in contact with the aqueous humor,” this substance is visually evident during slit lamp 

examinations, presenting as a “dandruff-like substance in the anterior chamber.” The unique 

deposition pattern on “the anterior lens capsule creates a double concentric ring pattern with a 

clear zone associated with iris movement.” Pseudoexfoliation material is also observed at the 

“pupillary margin, lens zonules, and trabecular meshwork,” composed of various glycoproteins 

with an unclear origin, potentially deriving from the “iris, lens epithelium, ciliary body, or 

trabecular meshwork.” (3)  

 

Figure 1: Pseudoexfoliation with anterior capsular delamination. Image credit: 

Allingham et al. (41) 
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                    According to Tomczyk-Socha et al. (2023), alterations in the iris involving the 

pupillary sphincter muscle are a characteristic feature of pseudoexfoliation syndrome. The 

manifestation of iris transillumination, often described as a moth-eaten peripupillary iris 

appearance, results from iris pigment epithelium abrasion caused by pupil movements. Acting 

like sandpaper on the iris, this material on the lens capsule releases a significant amount of 

pigment, leading to hyperpigmentation in the filtration angle and the “formation of pigment 

deposits on the iris surface.” (42) Ritch, in 2018, mentioned that “pseudoexfoliative material 

and pigment precipitates may also be observed on the corneal endothelium,” often resembling 

a “Krukenberg spindle.” (43) 

                    Tomczyk-Socha et al. also mention that identifying pseudoexfoliation syndrome 

in its initial phases poses a challenge. However, suspicion arises with a “uniform, dull 

appearance of the anterior lens capsule, resembling a clouded glass window,” mainly if 

observed unilaterally. As pseudoexfoliation advances, delicate radial striations develop from 

the central disc, becoming more noticeable in low-light conditions. “The transparent zone 

between the central part and the peripheral ring” becomes apparent “only when the exfoliating 

material on the lens thickens.” (42) 

                    As per Schlotzer-Schrehardt U and Naumann GO (2006), no diagnostic procedures 

currently exist to confirm pseudoexfoliation syndrome other than “electron microscopy,” which 

can unveil “the characteristic material in the anterior segment.” (3) According to Sampaolesi, 

Zarate, and Croxato (1988), gonioscopy in patients with pseudoexfoliation syndrome may 

reveal the Sampaolesi line’s characteristic, indicating intense and inhomogeneous trabecular 

meshwork pigmentation. (44) 

                    As outlined by Tomczyk-Socha et al., pseudoexfoliation syndrome typically 

involves a “reduction in endothelial cell count and an increase in central corneal thickness.” 
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These changes may expedite disruptions in endothelial cell homeostasis, potentially leading to 

corneal decompensation, opacity, and edema. Moreover, individuals with pseudoexfoliation 

syndrome “have a heightened postoperative incidence of ocular edema following cataract 

surgery.” (42) 

                    According to Detorakis et al. (2021) and Tomczyk-Socha et al. (2023), periocular 

changes in pseudoexfoliation syndrome encompass eyelid laxity, conjunctival chalasis, tear 

film abnormalities, orbital fat atrophy (particularly following the use of prostaglandin analogs), 

deficient orbital vascular supply, and biomechanical changes in the eyeball and optic nerve. 

(42,45) 

                   Tomczyk-Socha et al. extensively discussed the intraoperative and postoperative 

consequences of pseudoexfoliation. Zonular weakness in PXF significantly elevates the risk of 

“intraoperative complications, including zonule rupture, posterior capsule rupture, vitreous 

body transition to the anterior segment, and the sinking of cataract masses into the vitreous 

chamber.” Postoperatively, potential complications involve “chronic inflammation,” “lens 

displacement,” “lens subluxation,” “posterior lens capsule opacification,” “fibrosis,” and 

“tightening of the lens capsule.” It is noteworthy that diagnosing PXF in individuals who have 

undergone cataract extraction can be challenging, mainly when characteristic symptoms are 

absent on the “anterior lens capsule removed during the procedure,” resulting in a considerable 

amount of undiagnosed cases, especially “in the absence of distinctive symptoms on the lens 

capsule.” (42) 

Pseudoexfoliation syndrome and secondary glaucoma 

According to Irkec (2015) and Tomczyk-Socha et al. (2023), pseudo-exfoliation syndrome is 

the most prevalent identifiable cause of secondary glaucoma globally. “It is estimated that up 

to half of individuals with pseudoexfoliation syndrome will develop glaucoma at some point 
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in their lives.” Those with pseudoexfoliation syndrome face a significantly elevated risk, 

approximately “6 to 10 times higher than the general healthy population,” of developing 

glaucoma. Notably, the increased risk for elevated intraocular pressure and subsequent 

glaucoma often becomes apparent shortly after the clinical onset of pseudoexfoliation 

syndrome. (42,46) 

                    In the Blue Mountains Eye Study, Mitchell et al. (1999) aimed to quantify the 

relationship between pseudoexfoliation and open-angle glaucoma, ocular hypertension (OHT), 

and intraocular pressure (IOP) in an older population. “Glaucomatous damage was present in 

14.2% of eyes with pseudoexfoliation,” indicating a solid association “independent of other 

glaucoma risk factors, including IOP.” Despite a “low population-attributable risk from 

pseudoexfoliation (2.7%), ocular hypertension was more prevalent in eyes with 

pseudoexfoliation,” highlighting the significant connection between pseudoexfoliation and 

glaucoma. (5) 

                    Citing Ariga, Nivean, and Utkarsha (2013), pseudoexfoliative material obstructs 

trabecular meshwork spaces, causing pigment accumulation and hindering “aqueous humor 

outflow, leading to persistent intraocular pressure elevation and pseudoexfoliation glaucoma.” 

In unilateral cases,” the affected eye exhibits “approximately 2 mm Hg higher IOP than the 

non-exfoliative fellow eye, highlighting pseudoexfoliation’s impact on glaucoma development. 

(47) 

                    Ariga et al. (2013) and Konstas (1997) mention that pseudoexfoliation syndrome 

induces vascular degeneration, chronic disruption of the aqueous humor–blood barrier, and 

compromised ocular blood flow. Pupil dilation in pseudoexfoliation syndrome releases 

“dispersed pigment from the iris, obstructing the filtration angle and causing a significant 

elevation in IOP.” Reevaluation of IOP in individuals with pseudoexfoliation syndrome after 
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pupil dilation becomes crucial to consider the potential impact of this process on IOP levels. 

(47,48) 

                    Ariga et al. additionally notes that the progression of glaucoma associated with 

exfoliation syndrome exhibits greater severity than primary open-angle glaucoma (POAG). 

This indicates that individuals with exfoliation syndrome may undergo a more challenging and 

potentially aggressive disease progression than those with POAG (Ariga et al., 2013). (47) 

                    The study by Konstas et al. (48) revealed that “the baseline intraocular pressure 

(IOP) was higher in patients with exfoliation glaucoma (XFG) compared to those with primary 

open-angle glaucoma (POAG).” This observation aligns with similar findings reported by Tezel 

and Tezel (49,50). Furthermore, Teus et al.(51) demonstrated that “among untreated patients, a 

higher level of IOP was associated with a more significant loss of visual field.” These consistent 

findings across multiple studies emphasize the importance of baseline IOP levels in 

understanding the differences between XFG and POAG and their potential implications for 

visual field loss. 

Systemic association 

Schlötzer-Schrehardt, in his 1992 reports, provides electron microscopic evidence 

demonstrating “the presence of pseudoexfoliation material in various visceral organs.” (13) 

In 1992, Streeten conducted an ultrastructural examination of tissues from a deceased glaucoma 

patient with bilateral ocular pseudoexfoliation, revealing the presence of pseudoexfoliative 

material aggregates not only in conventional intraocular locations but also in extraneous organs 

“such as the lung, heart, liver, and gallbladder.” These aggregates, often located “adjacent to 

elastic and oxytalan fibers,” exhibited positive staining for “elastin and human amyloid P 

protein,” resembling characteristics observed in ocular sites. (14) 
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                    In a 2009 cross-sectional study by Andrikopoulos et al. investigating cataract 

patients with pseudoexfoliation syndrome, 2140 individuals undergoing cataract surgery at the 

University Hospital of Patras, Greece, were examined. Focused on senile cataracts, participants 

underwent thorough ophthalmological examinations and CAD evaluations. Pseudoexfoliation 

syndrome exhibited a 27.9% prevalence, increasing with age. Within this group, 22.1% had 

glaucoma, compared to 2.5% in the non-pseudoexfoliation group. Notably, pseudoexfoliation 

syndrome “was positively associated with CAD risk in those aged 50 or older.” The study 

concluded that pseudoexfoliation syndrome significantly elevates the risk for both glaucoma 

and CAD.(15) 

                    In a study by Mocan et al. (2011) involving 33 pseudoexfoliation syndrome 

subjects and 23 controls, serum CRP levels, indicative of inflammation, were measured using 

a nephelometric assay. The mean serum CRP level in “subjects with pseudoexfoliation did not 

significantly differ from healthy subjects.” No significant differences were observed in age, 

gender ratio, and serum CRP concentrations among pseudoexfoliation syndrome, 

pseudoexfoliation glaucoma, and controls, suggesting limited local and subclinical 

inflammatory reactions in tissues associated with pseudoexfoliation. (16) 

                    In a 2013 study by Gonen, 49 pseudoexfoliation syndrome patients and 42 controls 

were assessed using Doppler ultrasonography. Significant associations were found between 

pseudoexfoliation syndrome and renal artery stenosis, with increased abdominal aorta 

velocities. Hypertension was common in pseudoexfoliation patients with renal artery stenosis, 

suggesting a potential link between the syndrome and aortic involvement. (17) 

                    Sorkhabi et al. 2013 conducted a study examining “high-sensitivity C-reactive 

protein (hs-CRP) and Tumor Necrosis Factor-alpha (TNF-α) levels in the blood serum of 

pseudoexfoliation syndrome (PEX) individuals.” Using enzyme-linked immunosorbent assay 
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(ELISA) with 30 PEX cases and 30 matched controls, the research revealed significantly higher 

hs-CRP and TNF-α levels in PEX patients, suggesting “inflammation and peripheral 

endothelial dysfunction may contribute to the risk of systemic and ocular manifestations in 

pseudoexfoliation syndrome.” (18) 

                    In 2017, Vardhan et al.’s study, comprising 930 pseudoexfoliations (PEX) patients 

and 476 controls, provided crucial insights into cardiovascular implications. The study reveals 

a clinically significant “4.0 mm Hg increase in systolic blood pressure and a 1.64 odds ratio” 

for ECG abnormalities in PEX. The comprehensive analysis finds no associations with blood 

glucose, serum cholesterol, or homocysteine, offering clinicians valuable information for 

assessing cardiovascular risk and enhancing patient care. (19) 

                    Led by Kurtul B in 2017, the investigation aimed to uncover the link between 

pseudoexfoliation (PEX) syndrome and serum lipid levels, focusing on its association with 

systemic vascular disorders. The study categorized participants into three groups: 52 with PEX 

syndrome (group 1), 20 with PEX glaucoma (group 2), and 47 controls without PEX (group 

3). A biochemical analyzer assessed “fasting serum total cholesterol,” “high-density lipoprotein 

(HDL),” “low-density lipoprotein (LDL),” and “triglyceride levels.” The findings revealed 

“significantly higher mean LDL values in groups 1 and 2 than group 3”, suggesting a significant 

association between elevated LDL values and PEX. (20) 

                    The “prospective cross-sectional study” conducted by Vikram Chellakumar, 

Rashmi Priyanka, and Balakrishnan M in 2019 aimed to explore the prevalence of 

cardiovascular diseases associated with pseudoexfoliation syndrome. The findings revealed 

“that more than 60% of pseudoexfoliation patients had hypertension, but no statistically 

significant association with other cardiovascular conditions, such as angina, myocardial 

infarction, and cerebrovascular accidents,” was observed. (21) 
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                    Published in August 2019, the study by Scharfenberg et al. explored systemic 

comorbidities in pseudoexfoliation syndrome. They analyzed 325 pseudoexfoliation–positive 

and 911 pseudoexfoliation–negative patients over 50 years undergoing ophthalmological 

operations, and the research was adjusted for age and gender. Pseudoexfoliation–positive 

patients exhibited increased odds ratios for respiratory, cardiac, vascular, and urogenital 

conditions. Nominal significance was noted for renal and psychiatric comorbidities. While no 

substantial associations were found for hernias and varicose veins, “higher rates of cardiac 

valve disorders and benign prostate hyperplasia were observed among pseudoexfoliation–

positive individuals.” These findings imply a potential link between pseudoexfoliation and 

specific systemic conditions, warranting further exploration and histological studies. (23) 

                    In 2020, Pooja H V, H T Venkate Gowda, and Subhash Chandra studied the 

connection between systemic disorders and pseudoexfoliative syndrome. Enrolling 67 patients 

aged 50-80 with pseudoexfoliative cataracts, they discovered that “25.37% had Diabetes 

mellitus, 10 had hypertension, 2 had IHD, and one had COPD”. The results underscore a 

significant association between pseudoexfoliation and diabetes mellitus. (22) 

                    In 2020, Ugnė Rumelaitienė and colleagues conducted a study investigating “the 

10-year incidence of pseudoexfoliation syndrome (PEX) in a population-based follow-up”. The 

research aimed to establish a connection between PEX and vascular diseases, exploring 

potential risk factors. Over the decade, “the prevalence of PEX increased from 10.3% to 

34.2%”. The PEX group displayed “higher rates of ischemic heart disease (IHD) and IHD 

combined with stroke.” The study found a significantly elevated risk of PEX among individuals 

with IHD, and this risk was even higher in those with both IHD and stroke, suggesting a 

potential association between pseudoexfoliation syndrome and cardiovascular conditions. (24) 
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                    In a 2021 study by Çerik et al., which assessed 29 asymptomatic pseudoexfoliation 

syndrome (PEX) patients, speckle-tracking echocardiography revealed significantly lower 

global longitudinal strain (GLS) than healthy volunteers. While standard echocardiographic 

parameters showed marginal differences, the study suggests that GLS, indicating subclinical 

myocardial dysfunction, can serve as an independent predictor for PEX syndrome, emphasizing 

the need for cardiac function monitoring in PEX patients. (52) 

                    In a 2022 prospective case-control study by Okutucu and Arpa, serum levels of 

semaphorin 3A and interleukin six were evaluated in 70 participants, including 30 with 

pseudoexfoliation syndrome and 40 controls. The pseudoexfoliation syndrome group exhibited 

statistically “higher IL-6 levels and lower Sema3A levels than controls”. The findings suggest 

a potential role for these molecules in the “systemic manifestations of pseudoexfoliation 

syndrome, implicating inflammation, atherosclerosis, heart arrhythmia, and Alzheimer’s 

disease in the syndrome’s pathophysiology.” (52) 
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Materials and methods 

A Cross-sectional study was carried out at the Department of Ophthalmology in Shri B.M. Patil 

Medical College, Hospital, and Research Centre from August 2022 to January 2024, spanning 

eighteen months. 

Ethical Considerations: 

The study aimed to investigate the correlation between ocular pseudoexfoliation and systemic 

vascular diseases and identify the prevalence and ocular manifestations of pseudoexfoliation 

syndrome. The research adhered to the principles outlined in “the Declaration of Helsinki” (53) 

and received approval from the institutional ethical committee of BLDE (Deemed to be 

University) vide order number BLDE (DU)/IEC/687/2022-23. Before participation, all 

individuals provided written and informed consent, having been thoroughly briefed on the 

potential implications of the study. 

Inclusion and exclusion criteria: 

• Inclusion Criteria: Individuals aged over 40 years with ocular pseudoexfoliation. 

• Exclusion Criteria: 

1. Individuals who have had previous intraocular surgery. 

2. Those with a history of trauma or uveitis.  

3. Individuals with significant corneal opacities that obscure anterior segment 

structures. 

4. Individuals with any ocular pathology that could result in secondary glaucoma. 

 

 

DocuSign Envelope ID: C0E258BF-BA5C-464D-976A-83F5D8E8F987



 
20 

 

Sample size: 

The study aimed to achieve a sample size of 114 participants with a 95% confidence level with 

a 5% absolute precision, guided by the estimated prevalence of Pseudoexfoliation Syndrome 

in India(19). A thorough screening of 6,120 patients over eighteen months revealed 216 

individuals with ocular pseudoexfoliation. Following the application of predetermined 

exclusion criteria, 102 individuals were excluded, resulting in a final cohort of 114 participants 

who satisfied the inclusion criteria and were included in the study. 

Method of data collection 

All patients attending the Ophthalmology outpatient and inpatient departments of Shri B.M. 

Patil Medical College, Hospital, and Research Centre for eighteen months underwent screening 

for pseudoexfoliation as part of the study. 

 A comprehensive patient history was gathered, covering aspects such as trauma and prior 

intraocular surgeries. Special attention was given to any significant history of past illnesses, 

including hypertension, diabetes, coronary artery disease and stroke. Best corrective visual 

acuity was evaluated using a Snellen chart, and subjective refraction was conducted whenever 

feasible. Following this, an extensive slit lamp examination (AIA – 11 – 5S – L; Appasamy 

Associates, Chennai, India) was done after diagnostic mydriasis with one drop of 1% 

tropicamide. It was confirmed that the diagnosis involved identifying the characteristic greyish-

white exfoliation material on the anterior capsular surface of the lens, which could manifest in 

various forms, such as a complete or partial peripheral band and a central shield. Additionally, 

its presence might extend to other areas in the anterior chamber or be evident as pre-capsular 

frosting or haze.  
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All participants were graded into three groups [Mild, moderate, severe] as per the standard slit-

lamp photographic grading explained by Aoki T et al. (54) 

 

Figure 2: Grading of PEX into mild, moderate and severe. 

Image courtesy Aoki T et al. (54) 

                    Intraocular pressure was measured using a Goldmann applanation tonometer 

(AATM 5001; Appasamy Associates, Chennai, India). Gonioscopy was performed with a four-

mirror goniolens (MIPL/14; Opticlear ophthalmic lenses, New Delhi, India), and fundus 

examination was carried out using binocular indirect ophthalmoscopy (AIO – 7; Appasamy 

Associates, Chennai, India). 

                    A detailed, relevant systemic examination was performed. Blood pressure was 

measured for all enrolled subjects. Blood pressure was measured with a well-calibrated 

mercury sphygmomanometer in the left arm in a supine position. The starting of the first 

Korotkoff sound was taken as systolic blood pressure (SBP), and the ending of the fourth 

Korotkoff sound was considered diastolic blood pressure (DBP). Blood pressure was measured 

three times at an interval of one hour, and an average of three was taken. Twelve-lead 

electrocardiography (CARDIART 6208, BPL, Bengaluru, India) was performed, and the 

electrocardiogram interpretations were categorized into five groups. [TABLE 1] 
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Table 1: Group distribution according to electrocardiogram findings  

Group Electrocardiogram findings 

1 Normal 

2 Rate defects 

3 Conduction defects 

4 Ischemic defects 

5 Structural defects 

 

                    Blood investigations included serum lipid profile, fasting and postprandial blood 

sugar levels, and serum C-reactive protein levels, estimated using an automated analyzer 

(VITROS 5.1FS, Ortho-Clinical Diagnostics Inc., Raritan, NJ, USA). A plain bulb was used 

for lipid profile and C-reactive protein, and a grey bulb containing sodium fluoride was used 

for fasting and postprandial blood sugar levels. Early morning fasting blood samples were 

collected to measure fasting blood sugar (FBS) levels, serum low-density lipoprotein (LDL), 

serum very low-density lipoprotein (VLDL), serum triglyceride (TG), serum cholesterol and 

serum C-reactive protein (CRP) levels. A postprandial blood sugar (PPBS) level sample was 

collected two hours after breakfast. 

Table 2: Normal reference levels considered for blood investigations 

Investigations Reference value 

Fasting blood sugar < 125 mg/dl 

Postprandial blood sugar < 200 mg/dl 

Serum Low-density lipoprotein < 130 mg/dl 

Serum High-density lipoprotein > 60 mg/dl 

Serum Cholesterol < 200 mg/dl 

Serum Triglyceride < 150 mg/dl 

Serum C-reactive protien < 10 mg/dl 
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All patients underwent small incision cataract surgery with intraocular lens implantation 

wherever possible. Preoperatively, 1% tropicamide eye drops were instilled for pupillary 

dilation along with Flurbiprofen 0.03% eye drops for pupillary stabilization. The intraoperative 

and postoperative course was recorded for every patient. 

Statistical analysis:  

With the expected prevalence of Pseudoexfoliation Syndrome (PEX) in India ranging from 

1.87% to 13.5% (19), the study enrolled a sample size of 114 patients, aiming for a 95% 

confidence level and a 5% absolute precision. The formula used for determining the sample 

size was: 

𝑛 =  
𝑧2×𝑝×𝑞

𝑑2
  

Where: 

• 𝑛 is the desired sample size (114 in this case). 

• 𝑧 is the Z statistic at the α level of significance. 

• 𝑑 represents the absolute error (5% absolute precision).   

• 𝑝 is the proportion rate. 

• 𝑞 is calculated as (100 − 𝑝) 

All data was tabulated in the master chart using a Microsoft Excel sheet (Office 365 Suite, 

Microsoft, Redmond, WA), and statistical analysis was conducted using SPSS Statistics 

Version 20 (IBM Corp., Armonk, NY). The results are expressed as Mean (Median) ± SD, 

counts, and percentages and represented using diagrams. The association of blood sugar levels, 

blood pressure, ECG, Lipid profile, and CRP with a grade of  PEX is analyzed using the Chi-

square test. At the same time, correlation coefficients are calculated for continuous variables. 

A significance level of p < 0.05 is deemed statistically significant. All statistical tests are two-

tailed. 
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Results 

A total of 6,120 patients were screened over 18 months, and 216 individuals were identified 

with ocular pseudoexfoliation. After applying predetermined exclusion criteria, 102 individuals 

were excluded, resulting in a final cohort of 114 participants. So, the prevalence of 

pseudoexfoliation in this region of Karnataka is 3.52%. 

Table 3: Age distribution of the participants 

Age group Frequency(n) Percentage (%) 

Less than 50 1 0.90 

50 - 59 7 6.10 

60 - 69 41 36.00 

70 - 79 52 45.60 

More than or equal to 80 years 13 11.40 

Total 114 100.0 

 

Among the 114 participants, the average age is 68.95 years (± 8.08 years). The age distribution 

is as follows: 52 (45.6%)  participants are aged 70 to 79 years, 41 (36%)  are 60 to 69 years, 
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Graph 1: Bar graph showing the percentage distribution of ages among the participants 
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13 (11.4%) are over 80 years, 7 (6.1%) are aged 50 to 59 years, and only 1 (0.9%) participant 

is under 40. [Table 3] [Graph 1] 

Table 4: Gender distribution among the participants 

Gender Frequency(n) Percentage (%) 

Male 64 56.1 

Female 50 43.9 

Total 114 100.0 

 

Graph 2: Pie chart showing the distribution of gender among the participants 

 

Out of the 114 participants, there was a notable male predominance, with 64 (56%) males and 

50 (44%) females. [Table 4] [Graph 2] 

56%
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Table 5: Distribution of Pseudoexfoliation in the eyes of the participants 

Eye considered Frequency(n) Percentage (%) 

Both eyes 72 63.2 

Right eye 24 21.1 

Left eye 18 15.8 

Total 114 100.0 

Out of the 114 participants, 72 (63.2%) had bilateral pseudoexfoliation, while 24 (21.1%) had 

pseudoexfoliation in the Right eye and 18 (15.8%) in the left eye. [Table 5] [Graph 3] 
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Graph 3: Bar graph showing the distribution of PEX in eyes of  the participants 
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Table 6: Grades of pseudoexfoliation observed among the participants 

Grading of PEX Frequency(n) Percentage (%) 

Mild 38 33.3 

Moderate 44 38.6 

Severe 32 28.1 

Total 114 100.0 

 

Graph 4: Bar graph showing the distribution of PEX as per severity grades. 

Of 114 cases, 38 (33.3%) had mild, 44 (38.6%) had moderate, and 32 (28.1%) had severe PEX. 

This distribution indicates moderate PEX was the most common grade observed, followed by 

mild and severe cases. [Table 6] [Graph 4] 

Table 7: Ocular complications of pseudoexfoliation. 

Complications Frequency(n) Percentage (%) 

Non-dilating pupil and Iris atrophy 99 86.8 

Zonular dialysis 15 13.2 

Total 114 100.0 
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Graph 5: Pie chart showing ocular complications of pseudoexfoliation. 

 

In this study involving 114 participants, a significant number displayed specific ocular 

conditions. The majority, 99 participants (86.8%), were observed to have non-dilating pupils 

and atrophic patches on the iris. Additionally, 15 participants (13.2%) were found to have 

zonular dialysis. [Table 7] [Graph 5] 

Table 8: Distribution of hypertension among PEX patients 

 

Hypertensive Frequency(n) Percentage (%) 

Yes 54 47.4 

No 60 52.6 

Total 114 100.0 

Non-dilating pupil 
and Iris atrophy

87%

Zonular 
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Graph 6: Piechart showing the percentage distribution of hypertension among PEX 

patients 

 

Out of 114 patients in the study, 54 (47.4%) were known to have hypertension and were on 

anti-hypertensive medications, while 60 (52.6%) were not known to have hypertension. [Table 

8] [Graph 6] 

 

Table 9: Distribution of diabetes among PEX patients 

Diabetes Frequency(n) Percentage (%) 

Yes 21 18.4 

No 93 81.6 

Total 114 100.0 

47%
53%

Yes No
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Graph 7: Piechart showing the percentage distribution of diabetes among PEX patients 

 

Among our study participants, we had fewer cases of diabetes mellitus. Out of 114 patients, 21 

(18.4%) had diabetes, and all were taking oral hypoglycemic medications. [Table 9] [Graph 7] 

 

Table 10: Distribution of Coronary artery disease among PEX patients 

Coronary artery disease Frequency(n) Percentage (%) 

Yes 9 7.9 

No 105 92.1 

Total 114 100.0 

18%

82%

Yes No
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Graph 8: Bar graph showing the distribution of coronary artery disease among PEX 

patients 

 

Among all participants, only nine individuals (7.9%) had previously been diagnosed with 

coronary artery disease and were receiving medication. In contrast, the vast majority, 105 

participants (92.1%), were unaware of their heart health or the presence of coronary artery 

disease. [Table 10] [Graph 8] 

Table 11: Distribution of history of stroke among PEX patients 

Stroke Frequency(n) Percentage (%) 

Yes 3 2.6 

No 111 97.4 

Total 114 100.0 
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Graph 9: Bar graph showing the distribution of history of stroke among PEX patients 

Only three patients (2.6%) had a previous history of stroke among all 114 participants. [Table 

11] [Graph 9] 

Table 12: Distribution of systolic blood pressure 

SBP Frequency(n) Percentage (%) 

≤ 140 mmHg 62 54.4 

>140 mmHg 52 45.6 

Total 114 100.0 
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Graph 10: Bar graph showing the distribution of systolic blood pressure. 

 

Fifty-two patients (45.6%) had a systolic blood pressure of more than 140 mmHg, while 62 

(54.4%) had systolic blood pressure less than or equal to 140 mmHg. [Table 12] [Graph 10] 

 

Table 13: Distribution of diastolic blood pressure 

DBP Frequency(n) Percentage (%) 

≤ 90 mmHg 66 57.9 

> 90 mmHg 48 42.1 

Total 114 100.0 
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Graph 11: Bar graph showing the distribution of diastolic blood pressure. 

Forty-eight patients (42.1%) had a diastolic blood pressure of more than 90 mmHg, while 66 

(57.9%) had diastolic blood pressure lower than or equal to 90 mmHg. [Table 13] [Graph 11] 

 

Table 14: Distribution of fasting blood sugar levels 

FBS Frequency(n) Percentage (%) 

≤ 125 mg/dl 96 84.2 

> 125 mg/dl 18 15.8 

Total 114 100.0 
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Graph 12: Bar graph showing the distribution of fasting blood sugar levels 

Fasting blood sugar was more than 125 mg/dl in 18 participants (15.8%). However, 96 (84.2%) 

participants had fasting blood sugar less than or equal to 125 mg/dl. [Table 14] [Graph 12] 

 

Table 15: Distribution of postprandial blood sugar levels 

PPBS Frequency(n) Percentage (%) 

≤ 200 mg/dl 104 91.2 

> 200 mg/dl 10 8.8 

Total 114 100.0 
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Graph 13: Bar graph showing the distribution of postprandial blood sugar levels 

 

Postprandial blood sugar was more than 200 mg/dl in 10 patients (8.8%) and less than or equal 

to 200mg/dl in 104 (91.2%) participants. [Table 15] [Graph 13] 

 

 

 

Table 16: Distribution of ECG changes 

ECG changes No. of patients Percentage (%) 

Normal 60 52.6 

Rate defect 15 13.2 

Conduction defect 14 12.3 

Ischemic changes 12 10.5 

Structural defects 13 11.4 

Total 114 100.0 
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Graph 14: Bar graph showing the distribution of ECG changes 

 

Among all 114 patients, 52.6% had normal ECG readings, indicating that more than half of the 

group exhibited no detectable abnormalities in their heart function. Rate defects were observed 

in 13.2% of the patients. Conduction defects, indicating delays or blocks in the electrical 

conduction system, were present in 12.3% of the patients. Ischemic changes were found in 

10.5% of the patients. Structural defects were observed in 11.4% of the patients. [Table 16] 

[Graph 14] 
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Table 17: Distribution of serum LDL levels 

LDL Frequency(n) Percentage (%) 

≤ 130 mg/dl 91 79.8 

> 130 mg/dl 23 20.2 

Total 114 100.0 

 

Graph 15: Horizontal bar graph showing LDL levels among participants. 

 

Among all participants, 79.8% had LDL levels of 130 mg/dl or less. Conversely, 20.2% of the 

patients had LDL levels greater than 130 mg/dl, suggesting that a smaller portion of the group 

had elevated LDL levels, which may increase their risk of developing cardiovascular 

conditions. [Table 17] [Graph 15] 
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Table 18: Distribution of serum HDL levels 

HDL Frequency(n) Percentage (%) 

≤ 60 mg/dl 100 87.7 

> 60 mg/dl 14 12.3 

Total 114 100.0 

 

Graph 16: Horizontal bar graph showing HDL levels among participants. 

HDL levels were less than or equal to 60 mg/dl in the majority of the participants (87.7%) and 

more than 60 mg/dl in 14 patients (12.3%). [Table 18] [Graph 16] 

Table 19: Distribution of serum cholesterol levels 

Total cholesterol Frequency(n) Percentage (%) 

≤ 200 mg/dl 88 77.2 

> 200 mg/dl 26 22.8 

Total 114 100.0 
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Graph 17: Horizontal bar graph showing cholesterol levels among participants. 

 

Serum cholesterol levels were more than 200 mg/dl in 26 participants (22.8%) and less than or 

equal to 200mg/dl in 88 participants (77.2%). [Table 19] [Graph 17] 

 

Table 20: Distribution of serum triglyceride levels 

Total triglyceride Frequency(n) Percentage (%) 

≤ 150 mg/dl 85 74.6 

> 150 mg/dl 29 25.4 

Total 114 100.0 
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Graph 18: Pie chart showing triglyceride levels among participants. 

Among 114 participants, 85 (74.6%) had total triglyceride levels of 150 mg/dl or less. In 

contrast, 29 participants (25.4%) had total triglyceride levels exceeding 150 mg/dl. This 

indicates that most participants had triglyceride levels within the lower range, while a smaller 

portion had higher triglyceride levels. [Table 20] [Graph 18] 
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Table 21: Mean of different parameters among hypertensive and non-hypertensive 

participants. 

Parameters Hypertension Frequency (n) Mean 
Standard 

deviation 
P value 

Fasting 

Blood Sugar 

Yes 54 104.41 28.54 
0.52 

No 60 103.25 34.73 

Post Prandial 

Blood Sugar 

Yes 54 133.52 51.29 

0.98 
No 60 130.10 45.69 

LDL 
Yes 54 102.35 33.78 

0.91 
No 60 103.58 35.39 

HDL 
Yes 54 44.17 13.46 

0.42 
No 60 46.48 17.18 

VLDL 
Yes 54 30.11 26.99 

0.45 
No 60 28.07 14.34 

Cholesterol 
Yes 54 175.20 40.01 

0.74 
No 60 170.50 46.35 

CRP 
Yes 54 1.13 0.34 

0.14 
No 60 1.05 0.22 

Triglyceride 
Yes 54 131.83 76.43 

0.66 
No 60 127.08 52.42 

Systolic 

blood 

pressure 

Yes 54 146.00 10.70 

0.000*** 

No 60 135.33 11.98 

Diastolic 

blood 

pressure 

Yes 54 94.26 10.57 

0.000*** 
No 60 86.87 10.35 

 

The study compared various systemic parameters between hypertensive and non-hypertensive 

participants. For fasting blood sugar, the hypertensive group had a mean value of 104.41 mg/dl 
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(SD = 28.540) compared to 103.25 mg/dl (SD = 34.728) in the non-hypertensive group, with a 

P value of 0.52, indicating no significant difference.  

                    Post-prandial blood sugar levels were similar, with hypertensive participants 

having a mean of 133.52 mg/dl (SD = 51.293) and non-hypertensive participants having a mean 

of 130.10 mg/dl (SD = 45.693), resulting in a P value of 0.98. LDL levels were also comparable, 

with hypertensive participants having a mean of 102.35 mg/dl (SD = 33.778) and non-

hypertensive participants 103.58 mg/dl (SD = 35.390) and a P value of 0.91. HDL levels 

showed a mean of 44.17 mg/dl (SD = 13.464) in hypertensive participants and 46.48 mg/dl 

(SD = 17.179) in non-hypertensive participants, with a P value of 0.42. VLDL levels were 

30.11 mg/dl (SD = 26.991) in the hypertensive group and 28.07 mg/dl (SD = 14.337) in the 

non-hypertensive group, having a P value of 0.45.  

                    Cholesterol levels were slightly higher in the hypertensive group (mean = 175.20 

mg/dl, SD = 40.015) compared to the non-hypertensive group (mean = 170.50 mg/dl, SD = 

46.349), with a P value of 0.74. CRP levels were 1.13 mg/L (SD = 0.339) in hypertensive 

participants and 1.05 mg/L (SD = 0.220) in non-hypertensive participants, with a P value of 

0.14. Triglyceride levels were 131.83 mg/dl (SD = 76.432) in hypertensive participants and 

127.08 mg/dl (SD = 52.417) in non-hypertensive participants, with a P value 0.66. Significant 

differences were observed in blood pressure measurements. Hypertensive participants had a 

mean systolic blood pressure of 146.00 mmHg (SD = 10.696) compared to 135.33 mmHg (SD 

= 11.975) in non-hypertensive participants, with a P value of 0.00, indicating a significant 

difference. Similarly, diastolic blood pressure was significantly higher in hypertensive 

participants, with a mean of 94.26 mmHg (SD = 10.569) compared to 86.87 mmHg (SD = 

10.352) in non-hypertensive participants, and a P value of 0.00. These results highlight that 

hypertensive individuals, though on anti-hypertensive medications, had significantly higher 
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systolic and diastolic blood pressure compared to non-hypertensive individuals. At the same 

time, other vascular parameters showed no significant differences. [Table 21] 

Table 22: Association of different systemic parameters with severity of PEX. 

Systemic parameter 

Severity of PEX 

P-value Mild 

[n = 38] 

Moderate 

[n = 44] 

Severe 

[n = 32] 

SBP more than 140 mmHg 03 [7.9%] 20 [45.5%] 29 [90.6%] 0.001*** 

DBP more than 90 mmHg 03 [7.9%] 19 [43.2%] 26 [81.3%] 0.001*** 

Fasting blood sugar 03 [7.9%] 06 [13.6%] 09 [28.1%] 0.061 

Postprandial blood sugar 02 [5.3%] 03 [6.8%] 05 [15.6%] 0.263 

Serum Cholesterol of more than 200 

mg/dl 
09 [23.7%] 11 [25.0%] 06 [18.8%] 0.804 

Serum LDL more than 130 mg/dl 10 [26.3%] 08 [18.2%] 05 [15.6%] 0.494 

Serum Triglyceride more than 150 

mg/dl 
08 [21.1%] 10 [22.7%] 11 [34.4%] 0.386 

C – Reactive protein of more than 10 

mg/dl 
02 [5.3%] 04 [9.2%] 04 [12.5%] 0.564 

Electrocardiogram findings 

Normal 25 [65.8%] 23 [52.3%] 12 [37.5%] 

0.418 

Rate defects 05 [13.2%] 05 [11.4%] 05 [15.6%] 

Conduction defects 02 [5.3%] 07 [15.9%] 05 [15.6%] 

Ischemic defects 04 [10.5%] 04 [9.1%] 04 [12.5%] 

Structural defects 02 [5.3%] 05 [11.4%] 06 [18.8%] 
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The study investigated the relationship between systemic parameters and pseudoexfoliation 

syndrome (PEX) severity, categorizing patients into mild, moderate, and severe PEX groups. 

The analysis revealed compelling associations between elevated blood pressure and PEX 

severity. Notably, systolic blood pressure (SBP) levels exceeding 140 mmHg were found in 

7.9% of mild PEX cases, significantly rising to 45.5% in moderate cases and striking 90.6% in 

severe cases (P-value = 0.001). Similarly, diastolic blood pressure (DBP) levels above 90 

mmHg showed a similar trend, with 7.9% in mild PEX, escalating to 43.2% in moderate cases 

and, notably, 81.3% in severe cases (P-value = 0.001).  

                    Regarding blood sugar levels, although no statistically significant differences were 

observed in fasting blood sugar levels across PEX severity categories, there was a notable 

trend. Fasting blood sugar levels were reported in 7.9% of mild PEX cases, 13.6% of moderate 

cases, and 28.1% of severe cases (P-value = 0.061), indicating a possible association that 

warrants further investigation given the links between diabetes and vascular health. 

                    In contrast, lipid profiles, including serum cholesterol, LDL (low-density 

lipoprotein), and triglyceride levels, did not differ significantly across PEX severity categories. 

For instance, serum cholesterol levels above 200 mg/dl were found in 23.7% of mild PEX 

cases, 25.0% of moderate cases, and 18.8% of severe cases (P-value = 0.804). Similarly, serum 

LDL levels above 130 mg/dl were reported in 26.3% of mild PEX cases, 18.2% of moderate 

cases, and 15.6% of severe cases (P-value = 0.494). Triglyceride levels above 150 mg/dl 

showed a similar pattern, with 21.1% in mild PEX, 22.7% in moderate cases, and 34.4% in 

severe cases (P-value = 0.386). These findings suggest that lipid profiles may not strongly 

correlate with the severity of PEX in this study cohort. 

                    Furthermore, the inflammatory marker C-reactive protein (CRP) did not 

significantly vary across PEX severity categories. CRP levels above 10 mg/dl were observed 
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in 5.3% of mild PEX cases, 9.2% of moderate cases, and 12.5% of severe cases (P-value = 

0.564), indicating that systemic inflammation measured by CRP may not be a significant factor 

in PEX severity. Finally, electrocardiogram (ECG) findings displayed diverse patterns across 

different PEX severity groups, including normal findings, rate defects, conduction defects, 

ischemic defects, and structural defects. However, the overall analysis did not reveal a 

significant association between ECG patterns and PEX severity (P-value = 0.418). 

                    So, blood pressure levels, especially SBP and DBP, strongly correlate with PEX 

severity. Other systemic parameters such as blood sugar levels, lipid profiles, inflammatory 

markers (CRP), and ECG findings did not show consistent and significant associations in this 

study cohort. [Table 22] 

 

Table 23: Complications in ocular pseudoexfoliation 

Complications Frequency[n] Percentage [%] 

Ocular Complications 

Non-dilating pupil and Iris atrophy 99 86.8 

Zonular dialysis 15 13.2 

Intraoperative complication 

Extension of capsulorhexis 78 68.4 

Difficulty in nucleus prolapse 56 49.1 

Posterior capsular rent 33 29.0 

Aphakia 8 7.0 

Nucleus drop 1 0.9 
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                    Patients with pseudoexfoliation syndrome (PEX) often experience a spectrum of 

ocular complications, as evidenced by [Table 22]. The most frequent ocular complication 

observed was a non-dilating pupil and iris atrophy, affecting 86.8% of the cases. Zonular 

dialysis, though less common, was still noted in 13.2% of cases. During intraoperative 

procedures, complications such as an extension of capsulorhexis, difficulty in nucleus prolapse, 

and posterior capsular rent were observed in 68.4%, 49.1%, and 29.0% of cases, respectively. 

Complications like aphakia (7.0%) and nucleus drop (0.9%) were less frequently encountered.  
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Discussion 

The study aimed to investigate the relationship between systemic vascular disorders and 

pseudoexfoliation syndrome, particularly emphasizing the prevalence and ocular 

manifestations of PEX. We examined systolic and diastolic blood pressure, glycemic status, 

dyslipidemia, and cardiac anomalies as detected on electrocardiograms (ECG). Our findings 

indicated a significant elevation in diastolic and systolic blood pressure among patients with 

PEX, with the most severe cases showing the highest blood pressure readings. ECG 

abnormalities were more common in PEX patients, including rate, conduction, ischemic, and 

structural defects. Of 114 patients, 33.3% had mild PEX, 38.6% had moderate PEX, and 28.1% 

had severe PEX. [Figure 3] 

 

Figure 3: Grading of PEX as observed in our study. A: Mild; B: Moderate; C: Severe. 

 

Hypertension was found in 47.4% of participants, diabetes in 18.4%, coronary artery disease 

in 7.9%, and cerebrovascular accidents in 2.6%. The diastolic and systolic mean blood 

pressures were 140.39 mmHg and 90.37 mmHg, respectively, with severe PEX patients 
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exhibiting significantly higher blood pressure levels. The mean fasting and postprandial blood 

sugar levels were 103.80 ± 31.81 mg/dl and 131.72 ± 48.24 mg/dl, respectively, showing no 

significant differences across PEX severity levels. ECG abnormalities were present in 47.37% 

of participants, underscoring the cardiovascular risks associated with PEX. While elevated 

blood pressure strongly correlated with PEX severity, other systemic parameters like blood 

glucose levels and ECG anomalies were prevalent but did not correlate significantly with PEX 

severity. 

                    The average age of the participants in the Vardhan SA et al. study was reported to 

be 64.8 (± 6.8) years, suggesting a relatively younger cohort than other studies (19). In contrast, 

French D et al. reported a higher mean age of 77.1 (± 9.1) years, suggesting that their study 

population was predominantly older (55). Our study falls between these two, with a mean age 

of 68.95 (± 8.08) years, reflecting a more middle-aged to elderly population. According to 

Young A. et al., most patients were above 65 years old, which is consistent with our findings, 

where most participants were between 60 and 79 years old (31). The gender distribution of 

pseudoexfoliation varies among all studies. Vardhan SA et al. included 50.5% males and 49.5% 

females, showing an almost equal representation of both genders (19). This is similar to our 

study, where we included 56.1% males and 43.9% females, indicating a slightly higher 

proportion of male participants. However, Young A. et al. studied demographics in a Chinese 

cohort and noted a higher female preponderance, with 63% female participants (31). These 

comparisons show that age and gender are important when studying PEX, as different studies 

have varying ages and gender distributions, suggesting that PEX affects diverse populations. 

                    The prevalence of PEX detected in our study is 3.52%. This contrasts with an 

Asian study by Young A. et al., who reported a prevalence of 0.4% in a Chinese cohort (31). 

Speckauskas M et al. found a higher prevalence of 9%, which is above our findings (56). 
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However, a study by Vardhan et al. conducted in southern India reported a varied prevalence 

ranging from 1.87% to 13.5%. (19). 

                    In a Warjri G. et al. study, pseudoexfoliation material was most frequently 

observed at “the pupillary margin in 81.01% of cases”. This was followed by the involvement 

of “the rest of the iris in 19.15%, the lens in 5.72%, the anterior chamber angle in 1.12%, and 

the cornea in 0.99% of cases” (57). In contrast, our study found that the pupillary ruff and 

anterior lens capsule were the most commonly affected areas, seen in 94 cases (82.5%). 

Additionally, the endothelium was involved in 14 cases (12.3%), and the angle of the anterior 

chamber was affected in 6 cases (5.3%). These findings suggest that while there are similarities 

in the distribution of pseudoexfoliation material, the pupillary ruff and anterior lens capsule 

appear to be the primary sites of involvement in both studies, indicating their susceptibility to 

pseudoexfoliation syndrome.  

                    In this study, we found that 47.4% of patients were hypertensive, a notably higher 

percentage compared to the study by Pooja H et al., who reported 14.92% hypertensive 

individuals (22). However, the percentage of people with diabetes was similar between our 

study and Pooja H et al., with our study reporting 25.37% diabetics and Pooja H et al. reporting 

18.4% (22). Our study also noted that 7.9% of patients had a history of coronary artery disease, 

and 2.6% had a history of cerebrovascular accident. In comparison, Aristimuno N et al. reported 

that “3.7% of CAD patients and 4.6% of CVA patients” in their study (58). It sheds light on the 

variations in the prevalence of comorbidities such as hypertension, diabetes, CAD, and CVA 

across different studies, emphasizing the importance of considering such factors in 

understanding the broader clinical profile of patients with pseudoexfoliation syndrome. 

                    Vardhan SA et al. reported a “mean systolic blood pressure (SBP) of 131.8 mmHg 

and diastolic blood pressure (DBP) of 78.1 mmHg” in their study (19). Conversely, Akarsu C 
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et al. reported a lower mean SBP of 120 mmHg and a slightly higher mean DBP of 80.5 mmHg 

in their research (59). Similarly, Aristimuno N et al. also documented mean SBP and DBP 

values, although the specific numbers are not mentioned in their text (58). Our study observed 

that 45.6% of patients had SBP levels exceeding 140 mmHg, indicating hypertension, while 

42.1% had DBP levels surpassing 90 mmHg. These findings highlight the need for continuous 

monitoring and appropriate management of blood pressure in patients with pseudoexfoliation 

syndrome to mitigate associated cardiovascular risks, given the substantial proportion 

exhibiting elevated blood pressure. 

                    The link between diabetes and pseudoexfoliation syndrome has long been a 

debate. A study by Vardhan SA et al. showed that PEX patients tend to have higher blood sugar 

levels, with random blood sugar levels averaging 125.2 (± 68.3) mmHg in PEX patients 

compared to 119.2 (± 51.6) mmHg in those without PEX (19). Our study investigated FBS and 

PPBS levels in PEX patients, revealing that 15.8% had FBS levels exceeding 125 mg/dl, and 

8.8% had PPBS levels over 200 mg/dl. Akritidou F et al.’s research highlighted more severe 

degenerative changes in the lens cells of diabetic PEX patients than in those without diabetes 

(60). Additionally, Yu et al.’s meta-analysis found no overall association between diabetes 

mellitus and pseudoexfoliation syndrome, but they noted an inverse relationship in older 

populations and case-control studies (61). These studies collectively highlight the significant 

impact of diabetes on pseudoexfoliation syndrome and emphasize the importance of managing 

blood sugar levels in individuals with PEX to mitigate associated risks.  

                    Mitchell P et al. and Citirik M et al. reported “a positive correlation between 

pseudoexfoliation (PEX) and coronary artery disease.” However, they did not specify the types 

of coronary defects involved  (62,63). In contrast, Vardhan SA et al. identified a “higher 

incidence of left ventricular hypertrophy in PEX patients than controls, with a statistically 

significant p-value of 0.02” (19). Our study further supports these findings, with 54 patients 
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(47.37%) exhibiting abnormal ECG results. Specifically, 13.2% had rate defects, 12.3% had 

conduction defects, 10.5% had ischemic changes, and 11.4% had structural defects. It 

highlights the diverse and significant cardiovascular anomalies associated with PEX, 

supporting these patients’ need for comprehensive cardiovascular monitoring. 

                   Several studies have explored the relationship between pseudoexfoliation 

syndrome and serum lipid levels, highlighting significant associations that could impact patient 

management. Kurtul et al. divided their study participants into three groups—patients with 

PEX, PEX glaucoma, and controls—and found that “mean LDL values were significantly 

higher in PEX groups” (138 ± 33 mg/dl and 150 ± 37 mg/dl) compared to controls (127 ± 36 

mg/dl) with a p-value of 0.04. They also noted a higher frequency of diabetes and hypertension 

among PEX patients, suggesting a link between elevated LDL levels and PEX (20). Mirza et 

al. investigated traditional and non-traditional lipid profiles in PEX patients, finding 

significantly “higher median values of TC, TG, LDL-c, HDL-c, and non-HDL-c in the PEX 

group.” However, the study concluded that non-traditional lipid ratios were more effective in 

identifying vascular disease risk (64). Khataminia et al. focused on cataract patients with and 

without PEX, revealing “significantly higher TG levels in the PEX group but no significant 

differences in other lipid levels” (65).  

                    Lesiewska et al. found “no significant differences in lipid concentrations or CRP 

levels between PEX patients and controls,” challenging the link between PEX and vascular 

diseases (66). Abay and Katipoğlu highlighted the TyG index as a marker for vascular risk, 

showing a significantly higher TyG index in PEX patients (67). Among all patients in our study, 

79.8% had LDL levels of 130 mg/dl or less, while 20.2% had levels greater than 130 mg/dl, 

indicating a cardiovascular risk. Furthermore, 87.7% had HDL levels of 60 mg/dl or less, and 

12.3% had levels greater than 60 mg/dl. Serum cholesterol levels were over 200 mg/dl in 22.8% 
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of patients, and 25.4% had triglyceride levels exceeding 150 mg/dl, suggesting a notable 

proportion of patients with elevated lipid levels that could pose cardiovascular risks.  

                     Our study observed that the most common ocular complication in patients with 

pseudo-exfoliation syndrome undergoing cataract surgery was a non-dilating pupil and iris 

atrophy, affecting 86.8% of cases. This aligns with the findings of Egemen et al., who also 

noted a higher incidence of poor intraoperative pupil dilation in PEX patients compared to 

controls (68). Additionally, we found that although less common, zonular dialysis was still 

present in 13.2% of cases. This is consistent with the emphasis on zonular weakness as a 

significant risk factor in PEX patients highlighted in both our study and the study conducted 

by Thevi T et al.(69). In our study, during intraoperative procedures, complications such as an 

extension of capsulorhexis, difficulty in nucleus prolapse, and posterior capsular rent were 

observed in 68.4%, 49.1%, and 29.0% of cases, respectively, indicating a higher rate of 

intraoperative challenges in PEX patients.  

                    Aoki et al. investigated “corneal endothelial cell density (ECD) in patients with 

pseudoexfoliation syndrome.” They analyzed data from “51 eyes of 41 phakic patients with 

PEX (PEX group)” and compared it with “201 eyes of 117 patients with age-related cataracts 

(control group)”. The “mean ECD in the PEX group was significantly lower at 2,548 ± 409 

cells/mm² compared to the control group’s 2,757 ± 282 cells/mm²” (P = 0.02), indicating a 

notable reduction in corneal endothelial cells associated with PEX. Moreover, they categorized 

PEX severity into mild, moderate, and severe based on clinical factors. They found that the 

“severity of PEX was significantly associated with lower ECD,” highlighting the progressive 

impact of PEX on corneal health. Comparing this with our study, where we also categorized 

patients into mild, moderate, and severe PEX groups, we observed similar trends regarding the 

impact of PEX severity on ocular complications. Specifically, our study revealed strong 

correlations between elevated blood pressure levels and the severity of PEX-related ocular 

DocuSign Envelope ID: C0E258BF-BA5C-464D-976A-83F5D8E8F987



 
54 

 

complications, with systolic blood pressure (SBP) and diastolic blood pressure (DBP) showing 

significant increases as PEX severity progressed. For instance, SBP levels exceeding 140 

mmHg were found in 7.9% of mild PEX cases, escalating to 45.5% in moderate cases and a 

remarkable 90.6% in severe cases (P-value = 0.001). The corresponding trends were observed 

for DBP, emphasizing the importance of systemic parameters in understanding and managing 

PEX-related ocular conditions.  

                    These findings highlight the clinical relevance of assessing PEX severity and its 

associations with ocular complications. In our study, we also did not find significantly elevated 

CRP among PEX cases, and CRP was not associated with the severity of PEX. Our findings 

aligned with the studies by Yuksel N et al., Lesiewska et al., Sorkhabi et al., and Kymionis et 

al.(18,70–72).  

                   The limitations of our study were a comparably smaller sample size and not 

comparing our data with non-PEX counterparts. More studies are sought to address these gaps 

in the future. 
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Conclusion 

This study highlights significantly deranged parameters of systemic vascular diseases in PEX 

patients. Patients with PEX exhibited elevated systolic and diastolic blood pressure, which 

increased with the severity of PEX and more frequent cardiac anomalies as detected by ECG. 

These findings indicate the importance of comprehensive systemic evaluation in patients with 

PEX, particularly in older populations. The ocular complications associated with PEX, such as 

non-dilating pupils, iris atrophy, and intraoperative challenges during cataract surgery, also 

emphasize the need for careful preoperative assessment and planning. The study calls for 

further research to explore the systemic implications of PEX and to develop strategies for early 

detection and management of associated conditions, particularly in regions with limited data, 

such as southern India. Early identification of PEX through slit-lamp examinations can be 

critical in recognizing individuals at increased risk for systemic diseases, potentially improving 

public health outcomes and clinical care for affected individuals. 
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Appendix IV 

Colour plates 

 

 

Figure 4: Mild PEX with mature cataract and 6 mm maximum pupillary dilatation. 

  

 

Figure 5: Severe PEX with mature cataract 
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Figure 6: Intraoperative picture of mild PEX with immature cataract and 5 mm 

maximum pupillary dilatation. 

 

 

 

Figure 7: Extension of capsulorhexis in case of mild PEX with immature cataract and 4 

mm maximum dilatation of the pupil (White arrow).  
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Figure 8: Difficulty prolapsing the nucleus in case of mild PEX with iris atrophic 

patches and 4 mm dilated pupil. 

 

 

Figure 9: Intraoperative picture showing 7 mm dilated pupil, atrophic patches and 

transillumination defects in the iris in moderate PEX. 
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Figure 10: Sampaolesi line on gonioscopy in moderate PEX with immature cataract 

(White arrow). 

 

 

 

Figure 11: Post-cataract surgery aphakia in a severe PEX with iris atrophy. 
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Appendix V 

Master Chart 

 

Key for Master Chart: 

Abbreviations Full expansion 

PEX Pseudoexfoliation 

ECG Electrocardiogram 

CAD Coronary artery disease 

CRP C reactive protein 

HDL High-density lipoprotein 

LDL Low-density lipoprotein 

VLDL Very low-density lipoprotein 

Total chol Total cholesterol 

SBP Systolic blood pressure 

DBP Diastolic blood pressure 

FBS Fasting blood sugar 

PPBS Post-prandial blood sugar 

TG Triglyceride 

BE Both eyes 

RE Right eye 

LE Left eye 
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