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Abstract
Objectives Evaluation of atherogenic indices in patients with pseudoexfoliation syndrome (PEXS) by traditional serum lipid
profiles [total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein
cholesterol (HDL-c) and non-HDL-c] and non-traditional serum lipid ratios [TC/HDL-c, TG/HDL-c, LDL-c/HDL-c and
non-HDL-c/HDL-c].
Methods A total of 100 patients were included in the study. Fifty patients diagnosed with PEXS were regarded as group 1
and 50 patients without PEXS were regarded as group 2, respectively.
Results The median TC, TG, LDL-c, HDL-c and non-HDL-c values were significantly higher in group 1 compared to
group 2 (p= 0.007, p= 0.025, p= 0.016, p= 0.015 and p= 0.042, respectively). But there were no significant differences
in the TC/HDL-c, TG/HDL-c, LDL-c/HDL-c and non-HDL-c/HDL-c ratios among the two groups (p= 0.581, p= 0.617,
p= 0.292 and p= 0.583, respectively).
Conclusions Non-traditional serum lipid ratios are superior to traditional serum lipid profiles for identifying the risk of
vascular disease and this study did not demonstrate a complete relationship between PEXS and increased risk of vascular
disease.

Introduction

Pseudoexfoliation syndrome (PEXS), is a well-recognised
but not well-understood disorder that primarily observed
as an ocular manifestation. This syndrome is characterised
by the accumulation of a typical fibrillary material in the
anterior segment of the eyes which is frequently asso-
ciated with some ocular complications such as cataract,
zonular disruption, glaucoma, and retinal vein occlusion
[1]. It is known that pseudoexfoliation (PEX) material is
produced by the corneal endothelium, trabecular endo-
thelium, iris pigment epithelium, non-pigmented ciliary
epithelium and lens epithelium [1].

As far as is known, this is an age-related and multi-
factorial (genetic and environmental factors) syndrome
that affects more than 70 million people worldwide
[2]. Previous studies indicated that trauma, infections,

ultraviolet radiation, endothelial dysfunction, oxidative
stress and increased ocular inflammation play key roles in
the pathogenesis of PEXS [1, 3, 4].

PEX material can be easily diagnosed with slit-lamp
biomicroscopic examination by ophthalmologists due
to the visualisation of this white-grey extracellular mate-
rial in the pupillary margin or anterior lens capsule.
Moreover, PEX material has been observed in the
heart, vessels, liver, kidney, lung, cerebral meninges and
skin [5–7]. These observations brought an idea to
the minds that PEXS may be a systemic disorder. Indeed,
the association between PEXS and many systemic
diseases were evaluated in the literature [8]. In these
studies, there is a general consensus regarding the rela-
tionship between PEXS and increased risk of vascular
diseases [9, 10]. Especially, PEX is declared as an inde-
pendent risk factor for cardiovascular diseases [11, 12]. In
addition, the presence of dyslipidemia increases the inci-
dence of systemic vascular diseases, causes endothelial
dysfunction and decreases antioxidant defence [13, 14].

On this basis, it was aimed in this study to investigate
the risk of vascular disease and the relationship between
serum lipid parameters and lipid ratios in patients
with PEXS.
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Materials and methods

This retrospective study comprised patients undergoing
phacoemulsification surgery due to senile cataract between
March 2017 and October 2018 at the Department of
Ophthalmology, Konya Education and Research Hospital,
University of Health Sciences. All phacoemulsification
surgeries were done by the same surgeon (EM). This
study was approved by the local ethical committee
(No: 2018/1578) and was conducted with adherence to the
tenets of the Helsinki declaration. All patients underwent a
comprehensive ophthalmologic examination including best-
corrected visual acuity (BCVA), intraocular pressure mea-
surement by Goldmann applanation tonometry, anterior
segment examination, and dilated fundus examination by
the slit-lamp biomicroscope. The diagnose of cataract based
on due to the presence of opacity in the crystalline lens and
the diagnose of PEXS based on due to the visualisation of
this white-grey PEX material in the pupillary margin or
anterior lens capsule after dilation by slit-lamp biomicro-
scopic examination.

A total of 100 patients diagnosed with cataract were
reviewed and included in the study. The patients were
classified into two groups. Fifty patients (24 female and
26 male) with PEXS considered as group 1 and 50 patients
(25 female and 25 male) without PEXS considered as
group 2. The demographic data and ocular examination
findings, blood parameters of participants were accessed in
the file records and laboratory archives of Konya Educa-
tion and Research Hospital, University of Health Sciences.
Routine blood samples were drawn after a fasting period of
8–12 h from all patients before surgery. Total cholesterol
(TC), triglyceride (TG), high-density lipoprotein choles-
terol (HDL-c) and low-density lipoprotein cholesterol
(LDL-c) levels values were evaluated by the chemistry
analyser (Beckman Coulter AU5800, USA). All patients
underwent blood testing for hepatic function and renal
function to determine final inclusion; patients with
liver enzymes >3 times the normal reference values or with
creatinine >130 mmol/L were excluded from the
study. Also, the patients with any other ocular diseases
except cataract and PEXS were not included in the study.
Current treatment with any systemic medications which
may affect blood parameters especially steroid or anti-
hyperlipidaemia therapy, history of malignancy, acute
systemic and local infections, acute or chronic liver and
kidney diseases, autoimmune diseases, smoking, and
alcohol consumption are the criteria of exclusion. More-
over, TC to HDL-c ratio (TC/HDL-c), TG to HDL-c ratio
(TG/HDL-c), LDL-c to HDL-c ratio (LDL-c/HDL-c),
non-HDL-c to HDL-c ratio (non-HDL-c/HDL-c) and
non-HDL-c values were calculated. TG/HDL-c was
regarded as the index of insulin resistance [15].

TC/HDL-c, LDL-c/HDL-c, non-HDL-c/HDL-c and non-
HDL-c were regarded as an atherogenic index [15–20].

All statistical analyses of this study were performed with
SPSS for Windows 22.0 package programme (SPSS Inc.,
Chicago, IL, USA). Data were expressed as medians with
the interquartile range (25th–75th percentiles) according to
the distributions of the continuous variables. Pearson’s χ2

test was performed for categorical data analysis. The
Kolmogorov-Smirnov test was used to test normality of
distribution. Comparisons of parametric values among
groups were performed by one-way ANOVA. Comparisons
of non-parametric values among groups were performed by
the Kruskal–Wallis test. p < 0.05 was considered statisti-
cally significant.

Results

The median ages were 71.5 years (Q1= 66.5; Q3= 80.5) in
group 1 and 73 years (Q1= 62; Q3= 78.25) in group 2.
Demographic characteristics of all the patients are shown in
Table 1. There were no statistical differences in age and
gender between the groups (p= 0.34 and p= 0.841). There
were no significant differences in the groups, according to
the presence of diabetes mellitus, hypertension, and cere-
brovascular diseases (p= 0.488, p= 0.171 and p= 0.749,
respectively) but cardiovascular diseases were significantly
higher in group 1 (p= 0.021).

The median TC, TG, LDL-c, HDL-c and non-HDL-c
values were significantly higher in group 1 compared to
group 2 as shown in Table 2 (p= 0.007, p= 0.025, p=
0.016, p= 0.015 and p= 0.042, respectively). In addition,
there were no significant differences in the TC/HDL-c, TG/
HDL-c, LDL-c/HDL-c and non-HDL-c/HDL-c ratios
among the two groups (p= 0.581, p= 0.617, p= 0.292 and
p= 0.583, respectively; Table 2).

Discussion

The pathophysiologic mechanism which is responsible for the
development of PEXS remains unclear. But many researches
are still ongoing to clarify this phenomenon. Investigating the
associations between PEXS and other diseases may give us
some clues to elucidate this disorder. Hence, increased vas-
cular risk in PEXS has been the subject of many articles and
previously many studies reported that there is a link between
coronary artery diseases, ischaemic heart disease, hyperten-
sion, diabetes mellitus and PEXS [21–27]. It is mentioned that
PEX is related to vascular wall abnormalities and may have a
crucial role in the pathogenesis of arterial diseases [4, 7, 21].
Also, it is believed that dyslipidemia increases the risk of
systemic vascular diseases due to decreasing antioxidant

1912 E. Mirza



defence and causing endothelial dysfunction [13, 14]. In the
vascular calcification process serum levels of TC, TG and
LDL-c were found to be elevated and serum HDL-c levels
found to be low [28, 29].

Furthermore, arterial stiffness is a predictor factor for
cardiovascular disease risk and it is known that serum HDL-
c has a protective effect on arterial stiffness [30, 31]. Non-
HDL-c is a measurement of the cholesterol in LDL-c and
very low-density lipoprotein (VLDL-c) particles. In the
previous studies, it was mentioned that non-HDL-c is a
superior determinant than LDL-c for evaluating arterial
stiffness [32, 33]. It may be proposed that there is a general
opinion about these non-traditional serum lipid ratios (TC/
HDL-c, TG/HDL-c, LDL-c/HDL-c and non-HDL-c/HDL-c)
are more discriminative for atherogenic events than other
single traditional lipid profiles. It is reported that non-HDL-
c/HDL-c ratio is more powerful, easy and cost-effective to
indicate coronary artery disease risk, arterial stiffness risk
and insulin resistance than LDL-c, HDL-c and non-HDL-c
in clinic practice [33–36]. Also, it is demonstrated that
TC/HDL-c and the LDL-c/HDL-c ratios are better markers
for indicating cardiovascular diseases and atherosclerosis
risk [37–40]. TG/HDL-c ratio is considered as another
predictive ratio than other single lipid profiles to predict
cardiovascular diseases and insulin resistance [41–43].

Commonly, previous studies have focused on conven-
tional serum lipids profiles in PEXS and the studies inves-
tigating the TC/HDL-c, TG/HDL-c and non-HDL-c values
in PEXS are very less and to the best of my knowledge,
there were no studies investigating the LDL-c/HDL-c and
non-HDL-c/HDL-c values in PEXS [44, 45]. In the study of
Türkyılmaz et al., TC, TG and LDL-c levels found to be
significantly higher and HDL-c levels were lower in the
PEX group (40 patients) [46]. Also, in the study of Kurtul
et al., they found no differences in the levels of serum TC,
TG and HDL-c among PEXS group (52 patients), pseu-
doexfoliation glaucoma (PEXG) group (20 patients) and
control group. But LDL-c levels were significantly higher in
the PEXS and PEXG groups [47]. However, there were
no differences in the serum levels of TC, TG, HDL-c and
LDL-c in the study of Atalar et al. (23 PEX patients), in the
two studies of Lesiewska et al. (74 PEX patient, 96 PEX
patients, respectively), and in the study of Speckauskas
et al. (152 PEX patients) [4, 44, 45, 48]. In the two studies
of Lesiewska et al., there were no significant differences in
the TG/HDL-c, TC/HDL-c and non-HDL-c values between
PEX group and healthy subjects [44, 45]. But in the present
study, all conventional serum lipids profiles, non-traditional
serum lipid ratios additionally including LDL-c/HDL-c and
non-HDL-c/HDL-c values were investigated and it was

Table 1 The demographic data
of the patients

Group 1 (PEXS, n= 50) Group 2 (non – PEXS, n= 50) P-value

Age [median (Q1–Q3)] 71.5 (66.5–80.5) 73.00 (62.00–78.25) 0.341

Gender (n, female/male) 24/26 25/25 0.841

Diabetes mellitus (n) 14 11 0.481

Hypertension (n) 16 10 0.171

Cardiovascular disease (n) 11 3 0.021

Cerebrovascular disease (n) 5 6 0.749

PEXS pseudoexfoliation syndrome

Statistically significant P values are in Italic <0.05

Table 2 Serum lipid profiles and
lipid ratios of the patients

Median (Q1–Q3)

Group 1 (PEXS, n= 50) Group 2 (non-PEXS, n= 50) P-value

TC (mg/dL) 205.0 (173.5–251.0) 186.00 (168.25–201.00) 0.007

TG (mg/dL) 141.5 (92.0–196.5) 124.00 (98.50–142.25) 0.025

LDL-c (mg/dL) 124.0 (102.0–163.5) 113.0 (98.8–130.0) 0.016

HDL-c (mg/dL) 49.5 (42.7–59.5) 45.0 (39.0–52.0) 0.015

Non-HDL-c (mg/dL) 153.5 (124.5–200.8) 140.0 (126.5–154.0) 0.042

TC/HDL-c 4.2 (3.4–4.9) 4.1 (3.7–4.7) 0.581

TG/HDL-c 2.9 (1.7–3.7) 2.6 (1.9–3.6) 0.617

LDL-c/HDL-c 2.7 (2.1–3.3) 2.5 (2.2–2.7) 0.292

non-HDL-c/HDL-c 3.2 (2.39–3.9) 3.1 (2.7–3.6) 0.583

PEXS pseudoexfoliation syndrome, TC total cholesterol, TG triglyceride, LDL-c low-density lipoprotein
cholesterol, HDL-c high-density lipoprotein cholesterol

Statistically significant P values are in Italic <0.05
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found that the levels of traditional serum lipid profiles and
the levels of non-HDL-c were significantly higher in the
PEXS group but there were no significant differences in
the values of TG/HDL-c, TC/HDL-c, LDL-c/HDL-c and
non-HDL-c/HDL-c between PEXS group and without
PEXS group.

The samples size and designs of the published studies are
different from each other. Thus, the results may be con-
troversial. In addition, it has to be mentioned that dietary
habits may influence lipid levels [49]. Hence, the dis-
crepancy of the studies’ results may be related to the dietary
habits of the patients. Due to the retrospective design, this
information could not be obtained from the present
study groups. Therewithal, the small number size of patients
and single-centre study design are the other limitations of
this study.

Conclusion

The relationship between PEXS and increased risk of vas-
cular disease has been shown in previous studies with dif-
ferent methods. The results of this study did not show a
linkage between PEXS and the increased risk of vascular
disease, completely. The serum lipid profiles were higher in
patients with PEXS than in the controls, but it was not
possible to mention a similar difference in the serum lipid
ratios among the two groups. Due to these controversial
results, further studies with larger sample size are required
to explain this topic.

Summary

What was known before

● It is assumed that PEX is related to several vascular
diseases. Therefore, many studies have investigated
serum lipid profiles to elucidate this relationship but the
results were controversial.

What this study adds

● The relationship between atherogenic indices and pseu-
doexfoliation syndrome was discussed in this study,
which showed that non-traditional serum lipid ratios,
which are superior to traditional serum lipid profiles, were
not higher in PEXS than those of controls.
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