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Background: Xanthelasma palpebrarum (XP) is a sign of hyperlipidemia and is closely
linked to atherosclerosis. Since fatty liver shares similar risk factors with atherosclerosis, we
hypothesized that patients with XP are also at risk of non-alcoholic fatty liver disease
(NAFLD).

Methods: In this retrospective cohort study, 37 patients with XP were compared with sex-
and age-matched controls undergoing general health examination. Moreover, demographic
information and lipid profiles were compared. The risk of NAFLD was evaluated using the
hepatic steatosis and ZJU indices. In addition, we analyzed publicly available RNA sequen-
cing data from the GSE48452 and GSE61260 datasets in the Gene Expression Omnibus
database.

Findings: Patients with XP had higher scores of hepatic steatosis index (37 + 1.13 vs 32 £
0.82, p=0.0006) and ZJU index (38.77 + 1.0 vs 33.88 + 0.74, p=0.0002). In addition, they
had higher levels of lipid parameters, including total cholesterol, low-density lipoprotein
(LDL), and fasting glucose. Among patients with fatty liver, individuals presenting with XP
showed higher serum levels of total cholesterol (216 + 10.4 vs 188.9 + 7.6, p=0.04), fasting
glucose (117.1 + 6.4 vs 98.3 £ 2.4, p=0.002), and low-density lipoprotein (145.1 £ 8.7 vs
115.6 = 6.4, p=0.009) than those without XP. In gene expression analysis, individuals
presenting with non-alcoholic steatohepatitis showed higher Z scores of xanthelasma than
those without non-alcoholic steatohepatitis.

Conclusion: Our results suggest that individuals with XP have a higher risk of progression
to NAFLD and develop a more severe dyslipidemia.
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Introduction

Xanthelasma palpebrarum (XP) is a yellowish plaque usually seen on the eyelid with
demarcation, which is associated with dyslipidemia. Approximately 9.1 to 67.9% of
patients with XP have dyslipidemia.' Therefore, XP not only affects the cosmetic
appearance but also serves as a red flag for hyperlipidemia. Hyperlipidemia, defined
as elevated low-density lipoprotein cholesterol (LDL) and reduced high-density
lipoprotein cholesterol (HDL), is associated with atherosclerosis and cardiovascular
diseases,” and patients with XP are at risk for premature atherosclerosis.**
Furthermore, systematic reviews and meta-analyses have confirmed a higher inci-
dence of atherosclerosis in patients with XP.? Despite having a normal lipid profile,
patients with XP have a higher incidence of atherosclerosis.®’ Since fatty liver
disease is also a lipid-related disease, we hypothesized that the presence of XP

might serve as a predictor of hepatic lipid accumulation. Therefore, in this study,
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we attempted to assess the risk of developing non-alcoholic
fatty liver disease (NAFLD) in patients with XP.

XP is more prevalent in women than in men, with peak
incidence occurring in the 40- to 50-year-old population
group.® In contrast, NAFLD is more prevalent in men than
in women, and both the incidence and severity of the
disease increase with age.” Patients with NAFLD have
a higher prevalence of obesity and metabolic syndrome;
similarly, individuals with obesity, diabetes, dyslipidemia,
and metabolic syndrome are at risk for NAFLD.'*'"!? n
this study, 37 patients with XP were enrolled to evaluate
the relationship between various physiological parameters
and the percentage of XP patients with NAFLD. In con-
trast, liver microarray data of GSE48452 and GSE61260
datasets were used to investigate whether patients with
NAFLD or non-alcoholic steatohepatitis (NASH) have
a higher GSVA score of xanthelasma.

Patients and Methods

Ethical Statement

This study was approved by the Institutional Review
Board (IRB), Tri-Service General Hospital (number
C202005016). In this study, patient’s personal information
will not be seen and privacy was totally protected.
Assessed as low risk, The IRB approved the above-
named application for signature exemption on ICF and
confirmed this research complied with the declaration of
Helsinki. The IRB is organized and operated in compli-
ance with the International Conference on Harmonization
(ICH)/World Health Organization (WHO) Good Clinical
Practice (GCP) and applicable laws and regulations.

Subjects

From January 2000 to December 2018, 37 patients diag-
nosed with XP were enrolled in this study. These patients
were diagnosed by cardiologists, ophthalmologists, family
physicians, plastic surgeons, and dermatologists.
Participants in the control group were randomly selected
from the health examination department. Exclusion criteria
included a history of alcohol consumption, smoking,
malignancy, and hepatitis virus infection. Age- and sex-

matched controls were compared to the patients with XP.

Study Design

This study was a retrospective study. Body weight and
height and comorbidities, such as coronary artery disease
(CAD), type 2 diabetes mellitus, stroke, hypertensive

cardiovascular disease, and fatty liver, were recorded
for analysis. CAD refers to the reduction of blood flow
to the cardiac muscle due to atherosclerosis in the arteries
of the heart (Geneva: World Health Organization in col-
laboration with the World Heart Federation and the
World Stroke Organization. pp. 3—18.). Patients with
CAD may present chest pain or discomfort. In our
study, the diagnosis of CAD was made based on the
patient’s symptoms, stress echocardiography results, car-
diac biochemical markers (creatinine kinase and tropo-
nin-I), myocardial scintigraphy, or coronary angiography.
All patients were evaluated by cardiologists. Laboratory
data, including aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total cholesterol, LDL, fasting
HDL,
(HbAlc), were separately recorded. The hepatic steatosis
index (HSI)'"? and ZJU index'* were used to evaluate the
risk of NAFLD. Liver fibrosis scores (FIB-4) were used
to evaluate liver stiffness. FIB-4 score was calculated

glucose, triglyceride, and hemoglobin Alc

using the following formula: age (years) X AST [U/L)/
(platelets [109/L] x ALT [U/L])1/2, computed from
laboratory results in all patients. Liver fibrosis was clas-
sified as low (<1.45, no or minimal fibrosis), intermediate
(1.45-3.25), and high (>3.25,
Hypercholesterolemia was defined as total cholesterol >
200 mg/dL.

significant fibrosis).

Gene Expression Profiling

The microarray data of GSE48452 published by Ahrens
et al'” and GSE61260 published by Horvath et al'® were
downloaded from the NCBI Gene Expression Omnibus
(GEO)
These databases analyzed the difference in xanthelasma

database  (http://www.ncbi.nlm.nih.gov/geo/).

Z scores between patients with or without NAFLD and
NASH using whole gene expression profiling. The
GSE48452 dataset contained data collected from 73 sam-
ples of human liver grouped into C (control=14),
H (healthy obese=27), S (steatosis=14), and
N (NASH=18) for analysis. The GSE61260 dataset con-
tained data collected from 134 human liver samples from
patients with morbid obesity and healthy controls for ana-
lysis. The maximum expression values of multiple probe
IDs that corresponded to one official gene symbol were
computed, and these values were used to represent the
expression level of the related gene symbol.

The GSVA approach was developed by Hanzelmann
et al.'” For the calculation of the xanthelasma GSVA

score, DisGeNET was used to obtain a list of genes
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associated with xanthoma (MeSH ID:D014973)."” The
genes were further screened by “Genetic Variation” of
the association type. Eight genes were filtered out, includ-
ing ABCGS5,'®'" LDLRAPI,*® PCSK9,>' APOAl*
ALOX5,”* ABCG8,”** LDLR,” 7 and APOE,* which
have been reported to be associated with the development
of xanthoma. The above genes were used to create the
xanthelasma signature, and the GSVA scores were calcu-
lated using the GSVA package in R with default settings as
previously described.?” Functional enrichment analysis
was performed using the ToppGene Suite.*°

Statistical Analysis

Continuous variables are presented as the mean + standard
error of the mean (S.E.M). The results for categorical
variables are expressed as percentages. Statistical compar-
isons between the two groups were performed using
Student’s ¢-test (unpaired ¢-test) or Chi-square test, accord-
ing to the type of data. All statistical analyses were per-
formed using GraphPad Prism 7.0 software (version 18.0;
SPSS Inc., Chicago, IL, USA).

Results
Flow Chart of the Study Design

We initially evaluated the basic eligibility of 60 patients
diagnosed with XP. Of theme, 23 patients were excluded
because they were only underwent the cosmetic surgery
and did not undergo any laboratory test. Forty-one patients
with other diseases, but not XP, served as controls, and 37
patients with XP were eventually included in this study
(Figure 1).

Demographics and Baseline Features

The baseline demographic characteristics of the patients
are summarized in Table 1. A total of 37 patients with XP,
32 females (86.5%), and 5 males (13.5%), were consecu-
tively enrolled. The mean age was 58.14 + 2.0-years
(range: 37-79 years). People from the health examination
department who were age-and sex-matched were randomly
included in the control group. People with XP displayed
higher body weight (65.62 + 1.7 vs 60.13% 1.75, p=0.03)
and higher body mass index (BMI) (25.61 £ 0.62 vs 22.81
+ 0.51, p=0.0009). Serum lipid profiles were significantly
different between the two groups. Patients with xanthe-
lasma showed higher serum level of cholesterol (218.3 +
7.06 vs 189.8 + 6.54, p=0.004), LDL (142.9 £ 6.15 vs
116.2 + 5.32, p=0.0015), and fasting glucose (107.2 + 3.74

Participants assessed for eligibility (n=60)

Exclusions (n=23)
-Only cosmetic clinics

without assessment of

cardiovascular events and

fatty liver.

| Eligible participants (n=37) |

Patients from health

Patients with xnthelasma
palpebrarum. XP group examination department.

(n=37) control group (n=41)

| Cases enrolled for analysis (n=78) |

Assessment of cardiovascular

events and non-alcoholic
steatohepatitis or non-
alcoholic fatty liver disease.

Figure | Flow chart of patient inclusion and exclusion. A total of 60 patients
diagnosed with xanthelasma palpebrarum (XP) were initially assessed for enroll-
ment in this study. Among them, 23 patients visited cosmetic clinics only and were
excluded. Thirty-seven patients with XP were enrolled. Forty-one age- and sex-
matched individuals from the health examination department were included in the
control group.

vs 98.03 + 2.35, p=0.038). People in the XP group also
presented with a higher prevalence rate of CAD, but no
difference was noted for the prevalence of type 2 diabetes
mellitus and stroke between the two groups. Regarding
hepatitis markers and fibrosis scores (FIB-4), both groups
showed similar conditions. However, the XP group
showed higher HIS and ZJU scores, indicating the risk of
NAFLD.

Metabolic Diseases in Normal or
Hyper-Cholesterolemia Subgroups

Patients were classified into normal and hypercholestero-
lemia subgroups (Table 2). No difference was noted in age
distribution, but patients with XP showed a significantly
higher BMI than those in the control group. In addition,
patients with XP showed a trend of a higher incidence rate
of CAD but a similar incidence rate of type 2 diabetes
mellitus and stroke. Even at normal serum cholesterol
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Table | Clinical Characteristics of Patients in Control and Xanthelasma Palpebrarum Groups

Control Group (n=41) XP Group (n=37) P value
Age (mean; IQR, years) 54.22; |5 58.14; 12 0.1
Sex (female (n), %) 33, 80.5% 32, 86.5% 0.48
Body height (mean; IQR, cm) 162.1; 10 160.1; 12 0.3
Weight (mean; IQR, kg) 60.13; 16.8 65.62; 13 0.03*
Body mass index (mean; IQR) 22.81; 3.59 25.61;2.83 0.0009%*
Coronary artery disease (n) 0 10 0.001*
Type 2 diabetes mellitus (n) 3 8 0.07
Stroke (n) 0 0
Total cholesterol (mean; IQR, mg/dL) 189.8; 59.5 218.3; 52 0.004*
LDL (mean; IQR, mg/dL) 116.2; 44.5 142.9; 47.5 0.002%*
HDL (mean; IQR, mg/dL) 53.27; 175 48.3; 14.5 0.07
Triglyceride (mean; IQR, mg/dL) 131.5; 63 155.3; 113 0.22
Fasting glucose (mean; IQR, mg/dL) 98.03; 15.5 107.2; 27.5 0.03*
GOT (mean; IQR, U/L) 22.88; 9 25.07; 11 0.52
GPT (mean; IQR, U/L) 24.34; 15 24.69; 16 0.94
Hepatic steatosis index (mean; IQR) 32,76 37,736 0.0006*
ZJU index (mean; IQR) 33.88; 5.62 38.77; 7.31 0.0002*
FIB-4 score (mean; IQR) 1.15; 0.6 1.18; 0.72 0.85
Low (FIB-4 <I.45, mean; IQR) 0.98; 0.45 0.77; 0.27 0.12
Intermediate to high (FIB-4> [.45, mean; IQR) 1.84; 0.44 1.99; 0.92 0.9

Note: Baseline data, including demographic parameters and laboratory data, are presented. * p < 0.05.
Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein; GOT, aspartate aminotransferase; GPT, alanine aminotransferase; ZJU, Zhejiang University

index; FIB-4, fibrosis-4 score; IQR, interquartile range.

levels, patients with XP still presented with a higher level
of LDL (111.55 + 4.18 vs 100.14 £ 2.99, p=0.04).
Compared to individuals with normal cholesterolemia in
the control group, the hypercholesterolemia subgroup
in XP showed higher scores of HSI and ZJU indices.
Even in normal cholesterolemia, patients with XP pre-
sented with higher scores of the ZJU index (37.65 + 1.52
vs 32.97 £ 1.19, p=0.045).

Comeparison Between Patients with or
without XP with Fatty Liver

We compared the lipid profiles between the XP and non-
XP patients with fatty liver. The diagnosis of fatty liver

was based on sonographic findings. Patients with XP

showed higher serum level of total cholesterol (216 +
10.4 vs 1889 + 7.6 mg/dL, p=0.04), fasting glucose
(117.1 + 6.4 vs 98.3 £ 2.4, p=0.002), and LDL (145.1 £
8.7 vs 115.6 £ 6.4) (Figure 2).

Positive Relationship Between
Xanthelasma and NASH

To ascertain the influence of steatohepatitis on the expres-
sion of xanthelasma-associated genes, we analyzed the
metadata of GEO. The extent of the expression of xanthe-
lasma-associated genes was presented with a Z score. In
GSE48452, people with steatohepatitis showed higher
Z scores than those in the control group (p=0.015) or
healthy 3A). In

obese group (p=0.006) (Figure

https:
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Table 2 Metabolism-Related Comorbidities in Normal or Hypercholesterolemia
Control Group XP Group
Normal (28) Hyper (13) Normal (11) Hyper (25)
Age (mean; IQR, years) 53.1; 155 56.5; 11 56.2; 11 58.7; 12
Body mass index (mean; IQR) 22.99; 3.09 22.4; 6.4 25.42; 5.8 25.55; 2.66 *
Coronary artery disease (n) 0 0 3 7
Type 2 diabetes mellitus (n) 3 0 | 7
Stroke (n) 0 0 0 0
Total cholesterol (mean; IQR, mg/dL) 166.25; 30.5 240.62; 48.5* 170.36; 35 239.32; 45.5%
Low density lipoprotein (mean; IQR, mg/dL) 100.14; 22 150.85; 30.5* 111.55; 17* 156.72; 44*
High density lipoprotein (mean; IQR, mg/dL) 50.86; 15 58.46; 25 42.67; 15 50.42; 25
Triglyceride (mean; IQR, mg/dL) 112.89; 58 171.54; 125 109.73; 76 176.13; 103.5*%
Hepatic steatosis index (mean; IQR) 32.33; 494 31.21;9 35.6; 5.7 37.7, 7.5%
ZJU index (mean; IQR) 32.97; 551 33.98; 7.7 37.65; 6.8* 39.37; 7.64%

Notes: Patients with and without xanthelasma palpebrarum were divided into subgroups with normal or hypercholesterolemia. Demographic data, lipid profiles, and
evaluation scores for non-alcoholic fatty liver disease, such as the hepatosteatosis index (HSI) and ZJU index were compared. * p < 0.05, compared to the control normal

cholesterolemia group.
Abbreviation: IQR, interquartile range.

GSE61260, people with NAFLD presented with higher
Z scores than those in the normal control group
(p=0.004); people with NASH also had higher Z scores
than those in the normal control group (p=0.017)
(Figure 3B).

Identifying the Potential Significance of
Xanthelasma-Associated Genes Using
GSVA Scores

To determine the genetic background of XP, we used the
GSVA method to establish gene significance in patients
with XP. A total of eight genes, ABCG518, ABCG519,
LDLRAP120, PCSK921, APOA121, ALOX522,
ABCGS823, ABCG824, LDLR25-27, and APOE28 were
identified (Figure 4B). Cardiovascular diseases, XP, and
lipid disorders all shared similar genetic backgrounds
(Figure 4A).

Discussion

Xanthelasma palpebrarum is a benign condition that rarely
has serious consequences, but it affects the cosmetic
appearance of the patient. People with XP usually seek
medical advice and visit dermatology, plastic surgery, and
ophthalmology clinics to find solutions. Given that about
50% of people with XP develop lipid disorders,' and

most of them seek only cosmetic management, it is worth-
while to discuss the risk of cardiovascular events and fatty
liver in individuals with XP.

In our study, the majority of patients were females present-
ing with cosmetic problems, which is consistent with other
studies.'* However, the effect of sex on morbidity has not
been determined, as other studies have also reported a high
morbidity rate in men.>® The fact that women are more con-
scious of their appearance than men may explain the higher
incidence in women in some studies. In our study, patients
with XP had heavier weight and higher body mass index,
which are also risk factors for cardiovascular disease.**
A high body mass index could help explain why patients
with XP are more likely to have a higher incidence of CAD.
Of clinical importance, we also explicitly established XP as
a predictor of NAFLD using HSI and ZJU indices as quanti-
tative strategies (Table 1). In our cohort study, although
patients with XP did not show elevated levels of hepatitis
markers, such as AST and ALT, a higher risk of fatty liver
disease could be predicted. Because these patients were rela-
tively young (58.14 £ 2.0 years), even the progression to
steatohepatitis may still be in the early stages of the optimal
period of treatment.

In our study, the subgroup of patients with XP who
also had hypercholesterolemia showed higher scores on
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Figure 2 Comparison between patients with or without xanthelasma palpebrarum under fatty liver conditions. The lipid profiles between patients with and without XP
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Figure 3 Relationship between xanthelasma palpebrarum and fatty liver. Functional enrichment analysis revealed an association between xanthelasma and fatty liver disease,
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Figure 4 Gene significance of xanthelasma by calculation of GSVA scores. To establish the genetic background of xanthelasma, GSVA scores were calculated, and eight
genes, including ABCG5, LDLRAPI, PCSK9, APOAI, ALOXS5, ABCG8, LDLR, and APOE, which are related to xanthelasma, were identified (B). Association of xanthelasma-
related genes with cardiovascular disease or other lipid-related diseases were also investigated (A).

the HSI and ZJU indices, as expected. In particular, the
assessed scores on the ZJU index (37.65+1.52 - vs 32.97+
- 1.19, p= 0.045) were higher in patients with XP than in
those without XP, even though they had normal serum
total cholesterolemia levels (Table 2). Since XP patients
with normal serum total cholesterol levels also showed
higher serum LDL concentrations, disturbances in lipopro-
tein metabolism may explain why these individuals still
have a higher predicted risk of fatty liver.*>°

By comparing characteristic differences in patients
with fatty liver, we found higher serum total cholesterol,
LDL, and fasting glucose levels in the XP group. Although
markers of NAFLD (HSI, ZJU, and FIB-4 scores) did not
differ significantly, patients with XP still showed a trend
towards higher scores in these indicators. These findings
support XP as a predictor for the development of more
metabolic comorbidities in fatty liver disease (Figure 2).

To examine which component of lipoprotein is the
most sensitive lipid marker, we measured lipid profiles
and found that total cholesterol and LDL were the most
susceptible markers in patients with XP. In line with this,
previous studies have also shown that total cholesterol and
LDL are the most sensitive markers.***7—?

Among the enrolled cases, we found that up to 38.3% of
patients with XP sought cosmetic advice only (23/60, Figure
1). After the treatment of XP, they did not undergo any lipid-
related disease assessment and serum lipid screening, sug-
gesting that the risk of cardiovascular events and NAFLD is
underestimated in these patients. This also highlights that the
health issues associated with the cosmetic problems of XP

may need more attention.

This retrospective study has some limitations. For
example, the patients with XP may not be new cases
and may have already been undergoing cholesterol-
lowering therapy. The risk and incidence rates in this
study may be lower than they actually are because we
only investigated patients who lived in the capital region,
where people are usually better off financially. In addi-
tion, people from the medical examination department
may not be the best control group. Furthermore, a larger
population size is needed conclude because of the small
number of XP cases.

To find more evidence, we used the clinical liver disease-
associated gene expression datasets, GSE48452 and
GSE61260, to analyze the relationship between NAFLD/
NASH and xanthelasma-associated gene expression. Patients
with NAFLD and NASH had higher xanthelasma GSVA
scores, supporting our clinical findings in patients with XP.

Using the GSVA strategy for specific gene-disease enrich-
ment analysis, we further identified the association of the
overall expression of potential genes associated with cardio-
vascular disease and lipid disorders, including ABCGS,
LDLRAPI1, PCSK9, APOA1, ALOX5, ABCGS, LDLR,
and APOE. This analysis based on human samples is believed
to be convincing. A better understanding of the correlation
between xanthelasma and fatty liver can be obtained based on
the clinical presentation and genetic background of patients.

Taken together, our results reveal a potential risk of
NAFLD in patients with XP and suggest an underesti-
mated incidence of lipid-related comorbidities associated
with cosmetic problems. Screening for fatty liver should
be considered in patients with XP.
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