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Abstract

Purpose Pseudoexfoliation (PEX) syndrome is an age-related disease characterized by the accumulation of extracellular
material in many ocular structures, skin and internal organs. Recent studies have shown that the Triglyceride-Glucose (TyG)
index has clinical importance for the evaluation of vascular damage. The purpose of this study was to determine the relation-
ship between PEX syndrome and TyG index, and to detect the risk in terms of vascular diseases.

Methods In the present study, 50 patients with PEX syndrome who were admitted to the ophthalmology outpatient clinic
were evaluated along with 50 others who made up the control group. The Triglyceride-Glucose index was calculated with
fasting plasma glucose and triglyceride values.

Results The mean age was 68.2 + 1.2 years and 61.0% of the patients were male. There was no statistically significant differ-
ence between the two groups in terms of blood sugar and lipid profile (except triglyceride) (p > 0.05). The TyG index value
was 8.9+0.5 in the PEX group and 8.6+ 0.6 in the control group. This difference was statistically significant (p=0.003).
In univariate regression analysis, TyG index (OR=2.81; CI: 1.37-5.75; p=0.005) was found to be correlated with PEX.
In multivariate logistic regression analysis, this correlation remained statistically significant when adjusted for age and sex
(OR=2.89; CI: 1.35-6.18; p=0.006).

Conclusion Results showed that the TyG index was high in patients diagnosed with PEX. The risk of vascular diseases can
be determined by examining the TyG index in patients with PEX, and this predetermination would have significant conse-
quences for public health.
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Key messages
® Pseudoexfoliation syndrome (PEX) can affect ocular structures as well as other tissues in the body, particularly

connective tissue and visceral organs including the heart, lung, liver, skin, blood vessels, optic nerve, and

meninges.

® Recent studies have shown that the Triglyceride-Glucose index (TyG) has clinical significance in the assessment of
vascular damage.

® In our study, TyG index values, which are accepted as an atherogenic indicator, were found to be significantly higher
in the PEX group when compared to the control group.
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age [2]. The identifying feature of PEX syndrome consists
of small, white deposits of material in the anterior seg-
ment, most commonly the pupillary margin, anterior lens
capsule, zonules, and ciliary body, after pupil dilation.
Electron microscopic examinations reveal the accumula-
tion of exfoliation fibers in orbital tissues, skin samples,
and internal organs. Therefore, PEX syndrome is thought
to be a systemic disorder of the extracellular matrix [1].

Studies have predicted that PEX patients may experi-
ence endothelial dysfunction through the disruption of the
basal membrane with the accumulation of fibrillar mate-
rial on the arterial wall [3, 4]. Since PEX can be found in
the whole body, especially in the vessel walls, it can be
associated with different vascular diseases [5]. It is well
known nowadays that PEX syndrome is associated with
endothelial dysfunction and cardiovascular disease, as
described in major reviews [6] (Table 1). Additionally,
transient ischemic attack [7], angina pectoris, arterial
hypertension, history of myocardial infarction and stroke
[8], Alzheimer’s disease [9], and sensorineural hearing
loss [10] have also been found to be associated with PEX
syndrome.

The Triglyceride-Glucose (TyG) index is used as a
marker of insulin resistance in healthy individuals. Some
studies showed that the TyG index is associated with new-
onset diabetes, hypertension, and metabolic syndrome
[11-13]. However, in recent studies, it is seen that this
index is used as a marker of atherosclerosis in cardiovas-
cular diseases [14, 15]. Zhao et al. found that a higher TyG
index was associated with a higher risk of arterial stiffness
and microvascular damage. In addition, this study showed
that the TyG index has clinical importance for the evalua-
tion of vascular damage [16]. No study investigating PEX
syndrome with the TyG index was found in the literature.
Because it has been thought that the TyG index may be a
predictor of PEX disease, the purpose of the present study
was to investigate the correlation between PEX syndrome
and the TyG index.

Table 1

Materials and methods

The study included 50 patients with PEX syndrome between
the ages of 40 and 85 who came to the Kirsehir Training and
Research Hospital Ophthalmology Clinic for eye examina-
tion between August 2021 and January 2022 along with 50
people without PEX material who came in for routine exam-
inations who made up the control group. All patients under-
went a detailed ophthalmologic examination including best
corrected visual acuity (BCVA), measurement of intraocular
pressure, and dilated anterior segment and fundus examina-
tion with slit lamp biomicroscopy. The diagnosis of PEX
was made upon the observation of white material deposits
in the anterior segment, papillary margin, or anterior lens
capsule, after pupil dilation.

Demographic data, ocular examination findings, and
clinical and laboratory parameters of all participants were
obtained from Kirgehir Training and Research Hospital
information system and laboratory archives and evaluated
retrospectively. The study was approved by the Clinical
Research Ethics Committee of Kirsehir Ahi Evran Univer-
sity Faculty of Medicine (No: 2021-13/147) and was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki. All patients gave written informed consent
before their participation.

Those with eye diseases other than PEX syndrome
which were previously diagnosed by an ophthalmolo-
gist (previous chronic or recurrent inflammatory eye
disease, ocular trauma, ocular infection, retinal dis-
ease; corneal abnormality; intraocular surgery within
the previous three months), those under 18 years of
age, those with advanced organ failure (liver, kidney),
those with a history of active infection, those who use
cigarettes and/or alcohol, and those who had impaired
cognitive functions were excluded from the study.

Literature review of articles showing positive cardiovascular risk factors in pseudoexfoliation (PEX)

First author Country (race Sample size
(year of publica- if available)

Type of study

Risk factor p-value or hazard ratio (95%

CD)

tion)

Chung (2018) Worldwide

Cung (2018) Worldwide

Wang (2014) Meta-analysis 16 studies 8533 PEX

and 135,720 controls

1308 PEX in 11 studies Meta-analysis before 2017 Cerebrovascular disease
9583 PEX in 20 studies Meta-analysis before 2017 Cardiovascular disease

Meta-analysis before 2014  Vascular disease

1.76 (1.40-2.22)

1.61 (1.37-1.90)

1.72 (1.31-2.26) for any vas-
cular disease, 1.61 (1.22—
2.14) for coronary heart
disease, 1.59 (1.12-2.23)
for cerebrovascular disease,
and 2.48 (1.30-4.72) for
aortic aneurysm

Abbrevations PEX, pseudoexfoliation; CI, confidence interval; OR, odds ratio.
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Routine blood samples were taken after a 12-h fasting
period. Biochemical parameters were determined with
the Automated Biochemical Analyzer Beckman Coulter
AUS5800. The Triglyceride-Glucose index was calculated
with the formula Ln[fasting triglycerides (mg/dL) X fast-
ing plasma glucose (mg/dL)/2] by the researchers in the
Microsoft Excel® program.

Due to the retrospective design of the study, we conducted
post hoc computational power analysis using G*Power
3.1.9.7 and calculated the power (1-b err probe) to be 0.91
with an effect size of 0.32 with the above-mentioned sample
size (n=100).

The Statistical Package for Social Sciences (SPSS)
version 22 (IBM SPSS Inc., Chicago, USA) was used for
statistical analysis. The normal distribution of data was
evaluated through the Kolmogorov—Smirnov test. Normally
distributed values were given as mean + standard devia-
tion, and non-normally distributed values were given as
median (min—max). Student’s z-test or the Mann—Whitney
U test was used for continuous variables. The chi-square
test was used to compare categorical data. Univariate and
multivariate logistic regression analyses were performed
to identify independent predictors of PEX. The independ-
ent correlation between PEX and TyG index was examined
in Model 1 that was adjusted for age and sex. With the
TyG index score as the test variable and PEX as the status
variable, the receiver-operating characteristic (ROC) curve
was formulated and the diagnostic value of the TyG index
score was determined according to the area under the curve
(AUC). The optimal cut-off value was determined using
the Youden index. p <0.05 was considered significant for
statistical analysis.

Results

A total of 100 participants were included in this study
(mean age: 68.2+ 1.2 years, male: 61.0%). The mean ages
of the patients were 69.4+7.8 years in the PEX group and
67.1+15.1 years in the control group. PEX group consisted
of 50 patients (30 women and 20 men) and control consisted
of 50 patients (31 women and 19 men). The differences in
age and gender between the two groups were not statisti-
cally significant (p =0.34 and 0.83, respectively). Table 2
shows the demographic and laboratory parameters of the
entire study population.

When the PEX group and the control group were com-
pared, there was no statistically significant difference in
terms of age (p=0.34), sex (p =0.83), diabetes mellitus
(p=0.47), hypertension (p=0.77), and cardiovascular
diseases (p=0.75). When the laboratory parameters were
examined, there was no statistically significant difference
between the two groups in terms of blood sugar and lipid
profile (except triglyceride) (p > 0.05). In addition to these
findings, TyG index value was 8.9+ 0.5 in the PEX group
and 8.6 +0.6 in the control group. This difference was sta-
tistically significant (p =0.003) (Fig. 1).

In univariate regression analysis, the TyG index (OR=2.81;
CI: 1.37-5.75; p=0.005) was found to be correlated with PEX.
When adjusted for age and sex in multivariate logistic regres-
sion analysis (Model 1), this correlation remained statistically
significant (OR=2.89; CI: 1.35-6.18; p=0.006) (Table 3).

The ability of the TyG index to predict the presence of
PEX was evaluated by ROC curve analysis. It was deter-
mined that the TyG index predicted the presence of PEX
by a statistically significant margin. The cut-off value of the

Table 2 Characteristics of the

Variables Total (N=100) PEX Normal P
sample (N=50) (N=50)

Demographics
Age (years), mean=+ SD 682+1.2 69.4+7.8 67.1+15.1 0.34
Gender (female), n (%) 61 (61.0) 30 (60.0) 31 (62.0) 0.83
Diabetes mellitus, n (%) 33 (33.0) 18 (36.0) 15 (30.0) 0.47
Hypertension, n (%) 47 (47.0) 27 (54.0) 20 (40.0) 0.77
Cardiovascular disease, 1 (%) 18 (18.0) 10 (20.0) 8 (16.0) 0.75

Laboratory parameters
Glucose (mg/dL) 115.7+£3.7 121.6 £40.2 108.4+28.9 0.06
Total cholesterol (mg/dL) 192.9+4.7 201.1+49.9 186.5+45.6 0.13
Triglyceride (mg/dL) 134.1+6.6 150.6 +67.1 117.7+55.1 0.009*
HDL-C (mg/dL) 544+49 58.4+16.2 49.7+11.0 0.36
LDL-C (mg/dL) 116.7+3.7 121.7+£40.1 111.6+30.7 0.17
TyG index 8.8+0.1 8.97+0.5 8.6+0.6 0.003*

Abbrevations HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
PEX, pseudoexfoliation syndrome; TyG index, Triglyceride-Glucose index

p<0.05
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Fig. 1 Comparison of Triglyc-

eride-Glucose (TyG) index 9,20
between the pseudoexfoliation
syndrome (PEX) and control
groups
9,00 =

95% CI TyG index
T

8,60 -

8,40 <

Table 3 Association of TyG index with PEX

Unadjusted Model 1

OR (95%CI) p OR(95%CI)  p

TyG index 2.81(1.37-5.75) 0.005* 2.89 (1.35-6.18) 0.006*
Age - 1.00 (0.96-1.04) 0.99
Gender (female) - 0.78 (0.33-1.82) 0.56

Abbrevations OR, odds ratio; CI, confidence interval; PEX, pseudoex-
foliation syndrome; 7yG index, Triglyceride-Glucose index. Model 1:
Adjusted for age and gender

#p<0.05

TyG index for PEX according to Youden’s index was found
to be 8.82 (AUC=0.66, sensitivity 64%, specificity =60%)
(p=0.006).

Discussion

In the present study, the TyG index value was found to be
statistically higher in the PEX group than the control group
and it was determined that this marker significantly pre-
dicted the presence of PEX. A high TyG index makes the
probability of having PEX approximately 3 times greater.
This correlation remained significant even after adjusting for
possible confounding factors such as age, sex, and comorbid-
ity. In the light of these findings, it is seen that the present
study is the first in the literature when current studies are
examined.

@ Springer
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Atherosclerosis and vascular damage are considered to
be important risk factors for cardiometabolic diseases. The
TyG index has also emerged as a reliable marker of athero-
sclerosis [16]. Recent studies have shown the correlation
of the TyG index with many vascular diseases. Luo et al.
demonstrated in their study that a high TyG index level was
correlated with the risk of major cardiac and cerebrovascular
events [17]. Moreover, Alessandra et al. found that a high
TyG index was also positively correlated with symptomatic
coronary artery disease and that this marker could be used
as a marker of atherosclerosis [18]. In the light of the results
in the present study, it can be said that the TyG index is
a statistically independent risk factor that also predicts the
presence of PEX. However, more studies will be needed in
order to elucidate the etiopathogenesis of PEX disease and
better determine the role of the TyG index.

PEX syndrome is an age-related systemic disease affect-
ing the anterior structures of the eye. Its worldwide distribu-
tion varies greatly across ethnicities and geographic regions.
Exfoliative material consists of abnormal cross-linked fibrils
deposited in certain organs such as the heart, blood vessels,
lungs, or meninges, and often in the anterior structures of the
eye. Although there are many studies on its pathophysiology,
the process still remains unclear [19]. Possible mechanisms
related to the effect of PEX on vascular structures were pre-
dicted. Pericellularly accumulating material may disrupt the
basal membrane of cells and lead to degenerative fibrillopa-
thy. These deposits may cause endothelial dysfunction [20].
Koliakos et al. demonstrated experimentally that the concen-
tration of Endothelin-1, which is a potent vasoconstrictor in
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plasma and aqueous humor, increased in PEX patients [21].
Many studies in the literature show that PEX is related to
the increased risk of vascular diseases. In the meta-analysis
by Wang et al., sixteen eligible studies that included 8533
PEX patients and 135,720 control patients were reviewed.
This analysis revealed that having PEX increased the prob-
ability of vascular disease by 72% compared with the con-
trol group (coronary heart disease, cerebrovascular disease,
aortic aneurysm) [22].

It is important to note that there is adequate evidence to
justify the possible mediation of PEX and cardiovascular
diseases by cardiovascular markers. For instance, recent
studies have shown that Adropin, a peptide hormone that
is expressed in the liver and the brain and has a protective
role in endothelial cells, was associated with cardiovascu-
lar disease [23]. However, there are also studies reporting
that PEX is not associated with cardiovascular diseases [24,
25]. In this regard, Yiiksel et al. showed that high-sensitivity
C-reactive protein known as a predictor of vascular ather-
osclerotic events such as coronary artery disease, athero-
thrombosis, and peripheral vascular disease was not elevated
in patients with PEX [25]. In the current study, we demon-
strated that TyG index values, which are considered a novel
atherogenic indicator, were found to be significantly higher
in the patient group diagnosed with PEX compared to the
control group. However, it is difficult to determine whether
the elevation of TyG causes PEX by inducing atherogenic
events or whether increased vascular events due to the pres-
ence of PEX increase the TyG index. Prospective cohort
studies are needed to evaluate the clinical implications of
current findings.

Among the limitations of the study were the fact that it
was cross-sectional, the sample size was small, and it was a
single-center study.

Conclusions

Results of the study showed that the TyG index was found to
be high in patients diagnosed with PEX. Therefore, detection
of PEX during routine ophthalmological examination may
be a warning sign of vascular diseases. Systemic evaluations
will undoubtedly have important consequences for public
health as a result.
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