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Abstract

Introduction: Xanthelasma palpebrarum (XP) has been increasingly recognized as a potential cutaneous marker of sys-
temic metabolic and vascular disorders. The ankle—brachial index (ABI) is a simple, non-invasive tool for detecting subclinical
atherosclerotic burden. This study aimed to investigate the association between xanthelasma and ABI.

Methods: In this single-center, descriptive cross-sectional study, 121 participants were evaluated. Patients with clinically
diagnosed xanthelasma formed the study group, while age- and sex-matched individuals without xanthelasma served as
controls. Demographics, cardiovascular risk factors, body mass index (BMI), and laboratory parameters were recorded. ABI
was measured using a handheld Doppler device, with values <0.90 indicating peripheral artery disease and >1.30 suggest-
ing medial arterial calcification.

Results: Patients with xanthelasma had significantly higher BMI (31.8+6.4 vs. 28.7+4.1 kg/m? p=0.002), low-density lipopro-
tein (LDL) cholesterol (144.7+50.2 vs. 129.2+37.1 mg/dL; p=0.046), Homeostasis Model Assessment of insulin Resistance
(4.54+5.22 vs. 2.90+2.66; p=0.025), and free thyroxine levels (p=0.001), whereas serum 25-hydroxy Vitamin D was lower
(p=0.014). ABI values were higher in the xanthelasma group (1.41+£0.21 vs. 1.2840.18; p<0.001). The prevalence of ABI >1.30
was significantly greater (65.6% vs. 45.0%; p=0.023). Logistic regression revealed that xanthelasma increased the risk of me-
dial arterial calcification by 2.3-fold (odds ratio: 2.33; 95% confidence interval: 1.12-4.85).

Discussion and Conclusion: XP is associated with obesity, insulin resistance, elevated LDL cholesterol, and increased preva-
lence of ABI >1.30, consistent with medial arterial calcification. These findings suggest that xanthelasma may serve as a
non-invasive cutaneous marker of metabolic derangements and subclinical atherosclerotic burden. ABI measurement could
represent a valuable adjunct in the evaluation of patients with xanthelasma. Larger multicenter prospective studies are
required to validate these associations.

Keywords: Ankle-brachial index; atherosclerosis; medial arterial calcification; peripheral arterial disease; xanthelasma palpebrarum.

Atherosclerosis is one of the leading causes of and peripheral arteries results in severe clinical outcomes
cardiovascular morbidity and mortality worldwide and  in advanced stages ['l. Therefore, early identification of
often remains silent in its early stages, leading to delayed  atherosclerotic burden using non-invasive methods is of
diagnosis. Involvement of the coronary, cerebrovascular, critical importance for recognizing high-risk individuals.

*This study is derived from the medical specialty thesis of Dr. Yasemin Kaldirim Armutcuoglu, completed at Haydarpasa Numune
Training and Research Hospital, Department of Internal Medicine, in 2016.
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Xanthomas are among the most visible clinical findings of
lipid metabolism disorders. The most common subtype is
xanthelasma palpebrarum (XP), which appears as yellowish-
orange, soft plaques on the eyelids. Histopathologically,
these lesions consist of macrophagesladen with cholesterol
esters and have been shown in numerous studies to be
associated with metabolic and atherosclerotic conditions
such as obesity, insulin resistance, dyslipidemia, diabetes
mellitus, and coronary artery disease [2-61,

Arterial calcification is a heterogeneous process that can
involve both the intimal and medial layers of the arterial wall.
Intimalcalcificationisanintegralcomponentofatherosclerotic
plague development and directly reflects atherosclerotic
burden. Medial arterial calcification (Monckeberg's sclerosis),
on the other hand, is more commonly associated with
diabetes, chronic kidney disease, and aging. Although medial
calcification is not synonymous with atherosclerosis, the two
conditions frequently coexist and contribute to increased
arterial stiffness, elevated ankle—brachial index (ABI) values
(ABI >1.30), and heightened cardiovascular risk [7-91,

However, studies investigating the relationship between
XP and ABI, which is considered a non-invasive indicator of
atherosclerotic risk, are scarce. Although evidence exists in
the literature linking XP to cardiovascular events, its impact
on subclinical atherosclerotic risk as assessed by ABI has
not been sufficiently explored ['0111 ABI is a simple, rapid,
and reliable measurement that serves as a valuable method
for detecting systemic atherosclerotic burden, particularly
peripheral arterial disease (PAD) [12],

The present study aimed to compare ABI measurements
between individuals with and without XP and to investigate
whether XP can serve as a cutaneous marker of systemic
atherosclerotic burden.

Materials and Methods

This single-center, descriptive cross-sectional study was
conducted in the Department of Internal Medicine over
a 3-month period. Patients with a clinical diagnosis of XP
were assigned to the study group, while individuals without
XP served as controls. Inclusion criteria were age between
25 and 85 years and absence of pregnancy. Patients who
did not meet these criteria were excluded.

All participants underwent a detailed clinical evaluation.
Demographic characteristics, cardiovascular risk factors,
smoking history, comorbidities, body mass index (BMI), and
laboratory parameters were recorded. BMI was calculated
as body weight in kilograms divided by the square of
height in meters. Insulin resistance was assessed using
the homeostasis model assessment of insulin resistance
(HOMA-IR) index, calculated as fasting plasma glucose
(mg/dL)xfasting insulin level (uU/mL)/405.

ABI measurements were performed using a BIDOP ES-
100V3 Doppler device. All participants rested for at least 10
min before the measurements. Systolic blood pressure was
obtained from both brachial arteries and from the dorsalis
pedis and posterior tibial arteries of both lower extremities.
Foreach leg, the highest ankle systolic pressure was divided
by the highest brachial systolic pressure to calculate the
ABI value. An ABI <0.90 was considered indicative of PAD,
while an ABI =1.30 was interpreted as evidence of medial
arterial calcification [13:14],

Comorbid conditions assessed included coronary artery
disease, Type 1 or Type 2 diabetes mellitus, cerebrovascular
disease, previous diagnosis of PAD, hypertension, and a
history of coronary revascularization or stenting.

Approval for the conduct of this study was obtained from
the Haydarpasa Numune Training and Research Hospital
Institutional Educational Planning Committee (Approval
No: E-62977267-771-296755756; Date: December 03,2025).

All procedures were conducted in accordance with the
principles of the Declaration of Helsinki. Written informed
consent was obtained from all participants before enroliment.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences version 21 (IBM Corp.,
Armonk, NY, USA).

Continuousvariables were evaluated for normal distribution
using the Shapiro-Wilk test and inspection of histograms.
Normally distributed variables were expressed as mean
(standard deviation [SD]), and non-normally distributed
variables were summarized as median (interquartile range
[IQR]). Categorical variables were presented as frequencies
and percentages.

Comparisons betweenthe controlgroup and the xanthelasma
group were performed using the independent samples
Student’s t test for normally distributed continuous variables
and the Mann-Whitney U test for non-normally distributed
variables. Categorical variables were compared using the
Chi-square (x°) test or Fisher’s exact test, as appropriate.

All statistical tests were two-sided, and a p<0.05 was
considered statistically significant.

Results

A total of 121 participants were included in the study,
comprising 78 women (64.5%) and 43 men (35.5%), with
a mean age of 54.9+9.1 years (range: 23-82). The overall
mean BMI was 30.2+5.6 kg/m’. Among all participants,
32.2% were current smokers, 23.1% had diabetes mellitus,
32.2% had hypertension, and 8.3% had coronary artery
disease (Table 1).
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Table 1. Demographic and clinical characteristics of participants

Variable Value

n %
Age (years) 54.9+9.1 (23-82)
BMI (kg/m?) 30.2+5.6 (19.6-53.0)
Female 78 64.5
Male 43 355
Smoking 39 32.2
Diabetes mellitus 28 23.1
Hypertension 39 32.2
Coronary artery disease 10 83

Data are presented as meanzstandard deviation (range) for continuous variables
and as number (percentage) for categorical variables. BMI: Body mass index.

Table 2. Biochemical characteristics of participants

Parameter MeanzSD (range)
LDL (mg/dL) 137.0+44.7 (56-309)
HDL (mg/dL) 42.1+£10.9 (18-81)
Triglycerides (mg/dL) 169.1£107.5 (45-655)
Uric acid (mg/dL) 5.1+1.4 (2.3-9.8)
25-OH vitamin D (ng/mL) 18.0+9.4 (6.3-80.0)
ABI 1.35+0.20 (0.91-1.92)
CRP (mg/L) 0.62+1.28 (0.10-9.40)

BUN (mg/dL)
Creatinine (mg/dL)

14.6+7.4 (6-69)
0.85+0.54 (0.39-6.0)

HOMA-IR 3.7+4.2 (0.38-33.0)
TSH (ulU/mL) 1.67%1.15 (0.19-6.90)
sT4 (ng/dL) 1.01+0.16 (0.48-1.54)

Data are presented as meanztstandard deviation (range). ABI: Ankle-brachial
index; BUN: Blood urea nitrogen; CRP: C-reactive protein; HDL: High-density
lipoprotein; HOMA-IR: Homeostatic model assessment of insulin resistance; LDL:
Low-density lipoprotein; TSH: Thyroid-stimulating hormone.

Biochemical evaluation showed a mean low-density
lipoprotein (LDL) cholesterol level of 137.0+44.7 mg/dL,
high-density lipoprotein (HDL) cholesterol 42.1£10.9 mg/
dL, triglycerides 169.1£107.5 mg/dL, HOMA-IR 3.7+4.2, and
serum 25-hydroxy Vitamin D 18.0+£9.4 ng/mL. The mean
ABIl in the total cohort was 1.35+0.20 (Table 2).

When stratified by the presence of XP, in the XP group, the
mean BMI was 31.8+6.4 kg/m? whereas in the control group
it was 28.7+4.1 kg/m? (p=0.002) and were more frequently
female (59.0% vs. 34.9%; p=0.019). No significant differences
were observed between groups in smoking, diabetes,
hypertension, or coronary artery disease (p>0.05) (Table 3).

Laboratory comparisons revealed higher LDL cholesterol
(144.7+£50.2 vs. 129.2+37.1 mg/dL; p=0.046), HOMA-IR
(4.54+5.22 vs. 2.90+2.66; p=0.025), and free thyroxine (fT4)

Table 3. Demographic and clinical characteristics according to the
presence of xanthelasma

Variable Control XP p
(n=60) (n=61)

Age (years) 54.7+7.8 55.2+10.4 0.766
BMI (kg/m?) 28.7+4.1 31.8+6.4 0.002
Female, n (%) 32 (41.0) 46 (59.0) 0.019
Smoking, n (%) 19 (48.7) 20(51.3) 1.000
Diabetes, n (%) 12 (42.9) 16 (57.1) 0.551
Hypertension, n (%) 24 (61.5) 15 (38.5) 0.105
Coronary artery disease, n (%) 6 (60.0) 4 (40.0) 0.529

Data are presented as meanzstandard deviation or number (percentage). Con-
tinuous variables were compared using Student’s t test or Mann-Whitney U test
according to distribution normality, and categorical variables were compared
using the Chi-square test or Fisher’s exact test, as appropriate. XP: Xanthelasma
palpebrarum; BMI: Body mass index.

Table 4. Laboratory findings according to the presence of
xanthelasma

Parameter Control (n=60) XP (n=61) P
LDL (mg/dL) 129.2+37.1 144.7+50.2 0.046
HDL (mg/dL) 41.9+10.7 42.3+11.2 0.869
Triglycerides (mg/dL) 178.3£103.2 160.0£111.8 0.116
Uric acid (mg/dL) 5.15+1.45 5.07+1.39 0.740
25-OH vit D (ng/mL) 19.0£7.1 17.0£11.1 0.014
CRP (mg/L) 0.53+1.07 0.70+1.47 0.215
BUN (mg/dL) 14.748.3 14.616.5 0.897
Creatinine (mg/dL) 0.89+0.69 0.80+0.32 0.274
HOMA-IR 2.90+2.66 4.54+5.22 0.025
TSH (puIU/mL) 1.70+£1.17 1.64+£1.13 0.694
sT4 (ng/dL) 0.96+0.14 1.05+0.16  0.001**

**: p<0.05 indicates statistical significance. Data are presented as meanzstan-
dard deviation for normally distributed variables and as median (interquartile
range) for non-normally distributed variables. Comparisons were performed
using Student’s t test or Mann-Whitney U test, as appropriate. Categorical vari-
ables were compared using the Chi-square test or Fisher’s exact test. XP: Xan-
thelasma palpebrarum; BUN: Blood urea nitrogen; CRP: C-reactive protein; HDL:
High-density lipoprotein; HOMA-IR: Homeostatic model assessment of insulin
resistance; LDL: Low-density lipoprotein; TSH: Thyroid-stimulating hormone.

levels (1.05+0.16 vs. 0.96+0.14 ng/dL; p=0.001) in the XP
group, whereas serum 25-hydroxy Vitamin D levels were
significantly lower (17.0+£11.1 vs. 19.0+7.1 ng/mL; p=0.014).
No significant group differences were observed for HDL
cholesterol, triglycerides, uric acid, C-reactive protein (CRP),
blood urea nitrogen, creatinine, or thyroid-stimulating
hormone levels (Table 4).

ABI measurements showed that individuals with XP had
higher mean values compared with controls (1.41+0.21
vs. 1.28+0.18; p<0.001). Moreover, the prevalence of ABI
>1.30 was significantly higher in the XP group (65.6% vs.
45.0%; p=0.023). Logistic regression analysis demonstrated
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Table 5. ABI measurements according to the presence of
xanthelasma

Parameter Control Xanthelasma p
(n=60) (n=61)

ABI (mean) 1.28+0.18 1.41£0.21 0.001

ABI 0.90-1.30, n (%) 33 (55.0) 21 (34.4) 0.023

ABI =1.30, n (%) 27 (45.0) 40 (65.6) 0.023

Data are presented as meanztstandard deviation or number (percentage).
Continuous variables were compared using Student’s t test, and categorical
variables were compared using the Chi-square test. ABI: Ankle-brachial index.

that the presence of XP increased the risk of medial arterial
calcification approximately 2.3-fold (odds ratio [OR] 2.33;
95% confidence interval [Cl] 1.12-4.85), indicating an
independent association between XP and subclinical
arterial calcification (Table 5).

Discussion

XP, traditionally considered a benign cutaneous lesion,
has increasingly been associated with systemic metabolic
and vascular risk. In this descriptive cross-sectional study,
individuals with XP exhibited higher BMI, increased insulin
resistance, elevated LDL cholesterol levels, and significantly
higher ABI values, with a greater prevalence of ABI >1.30.
These findings indicate an association between XP and
metabolic abnormalities accompanied by subclinical
vascular changes consistent with medial arterial calcification.

A large prospective cohort study demonstrated that
xanthelasmata are associated with an increased risk of
atherosclerotic vascular disease and mortality in the general
population "], Notably, that study did not identify a strong
association between XP and obstructive PAD defined
by an ABI <0.90, despite the observed relationship with
cardiovascular events. This observation suggests that XP may
be related to early vascular changes rather than advanced
peripheral arterial obstruction. In contrast to that longitudinal
cohort, the present cross-sectional study demonstrated that
individuals with XP more frequently exhibited elevated ABI
values (=1.30), consistent with medial arterial calcification,
using asimple and non-invasive screening method applicable
in routine internal medicine practice without the need for
invasive procedures such as angiography.

In the present study, no individuals with XP exhibited an
ABI <0.90. The absence of PAD, defined as an ABI<0.90, in
this cohort should be interpreted with caution. First, the
study population mainly included relatively ambulatory
outpatient individuals rather than high-risk vascular
patients, which may have reduced the likelihood of
detecting PAD. Second, the cross-sectional design and
the modest sample size may have limited the detection of

low-prevalence conditions such as PAD. Finally, previous
studies suggest that xanthelasma is more closely related
to early vascular changes rather than advanced obstructive
disease, which may help explain why no PAD cases were
identified in this study.

Previous data have reported no significant differences in
the prevalence of traditional cardiovascular comorbidities,
including hypertension, diabetes mellitus, or dyslipidemia,
betweenindividuals withand without XP [0, In contrast, the
present cohort demonstrated higher BMI, LDL cholesterol
levels, HOMA-IR values, and a greater frequency of elevated
ABI among patients with XP. These differences may be
related to variations in study populations. Prior analyses
were conducted in relatively healthier ophthalmology clinic
settings, whereas the current study evaluated an internal
medicine outpatient population with a higher metabolic
burden. This difference in clinical context may have
contributed to the identification of vascular associations
that were not apparent in populations with lower baseline
cardiometabolic risk.

Previous studies have evaluated non-invasive vascular
indices in individuals with XP and reported evidence of
subclinical vascular involvement. Increased carotid intima-
mediathickness (CIMT)andabnormalitiesinarterial stiffness
indices, including the cardio-ankle vascular index, have
been described in patients with XP compared with controls,
suggesting an association with early atherosclerotic
changesindependent of overtlipid abnormalities [1>:16], The
present findings extend this evidence by demonstrating
that elevated ABI values (ABI =1.30), consistent with medial
arterial calcification, are more frequent in individuals with
XP. Collectively, these observations indicate that XP may be
associated with subclinical vascular changes assessed by
multiple non-invasive modalities, including CIMT, arterial
stiffness indices, and ABI.

In the present cohort, XP was associated with a higher
metabolic burden. Individuals with XP had greater BMI
values and higher HOMA-IR levels, indicating obesity
and insulin resistance. In addition, LDL cholesterol levels
were significantly elevated in the XP group, whereas HDL
cholesterol and triglyceride levels did not differ between
groups. These findings indicate an association between XP
and obesity-related metabolic abnormalities accompanied
by atherogenic dyslipidemia.

The observed association between XP and elevated LDL
cholesterol is consistent with previous reports linking
lipid abnormalities to both the presence and clinical
characteristics of XP ['7-19], Prior studies have shown that
adverse lipid profiles may be present in patients with XP
even in the absence of familial hypercholesterolemia and
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that dyslipidemia is common among affected individuals.
Taken together, these data support the interpretation that
XP represents a visible clinical indicator of atherogenic
dyslipidemia, particularly elevated LDL cholesterol,
although associations with HDL cholesterol and
triglycerides appear less consistent across studies.

Recent studies reported no significant association between
BMI, fasting glucose, and XP 290, |n contrast, the present
cohort demonstrated higher BMI and HOMA-IR values in
individuals with XP, together with elevated ABl values.These
differences may reflect variations in baseline metabolic risk
and clinical characteristics across study populations.

In the present study, the prevalence of XP was significantly
higher among women compared with men (59% vs. 34.9%,
p=0.019). Similar female predominance has been reported
in other cohorts [17:19], although other studies have reported
no significant sex-based differences ['8], indicating potential
population heterogeneity. With respect to comorbid
conditions, the prevalence of diabetes mellitus, hypertension,
and coronary artery disease did not differ significantly
between individuals with and without XP. Although the
prevalence of classical cardiometabolic comorbidities was
similar between groups, patients with XP demonstrated
significantly higher BMI, LDL cholesterol, and HOMA-IR
levels. This suggests that XP may be more closely associated
with early metabolic dysfunction rather than established
disease. This observation is consistent with previous case-
control findings showing no strong association between
XP and established cardiovascular comorbidities [10],
Collectively, these data suggest that XP may be more closely
associated with metabolic abnormalities and subclinical
vascular changes, including increased BMI, insulin resistance,
elevated LDL cholesterol, and higher ABI values, rather than
with clinically overt cardiovascular disease.

Serum 25-hydroxy Vitamin D levels were significantly lower
in individuals with XP. Although evidence directly linking
Vitamin D status to XP is limited, vitamin D deficiency
has been associated with insulin resistance, dyslipidemia,
and increased cardiovascular risk (222 The observed
difference in Vitamin D levels may therefore be related to
concurrent metabolic abnormalities rather than a direct
effect on XP development. Further studies are required to
clarify the clinical relevance of this association.

Traditional cardiovascular comorbidities, including
diabetes mellitus, hypertension, and coronary artery
disease, did not differ significantly between patients with
and without XP. This finding may reflect the relatively
modest sample size or differences in referral patterns.
Notably, the presence of higher ABI values despite similar
comorbidity rates suggests that XP may be associated

with early vascular changes before the development of
clinically overt cardiovascular disease.

Limitations

This study has several limitations. First, its single-center and
cross-sectional design precludes any inference of causality
between XP and vascular or metabolic risk factors. Second,
the sample size was relatively limited (n=121), which limited
the statistical power for subgroup analyses. ABl =1.30 was
used as an indirect marker of medial arterial calcification,
and imaging-based confirmation of vascular calcification
was not performed. In addition, residual confounding by
unmeasured factors cannot be excluded. These limitations
should be considered when interpreting the results. In
addition to its limitations, this study has several strengths.
ABI measurements were performed using a standardized
and non-invasive method, allowing consistent assessment
across all participants. Furthermore, the inclusion of a
well-defined control group enabled direct comparison of
metabolic and vascular parameters.

Conclusion

XP was associated with obesity, insulin resistance, elevated
LDL cholesterol levels, and a higher prevalence of ABI >1.30,
consistent with medial arterial calcification. These findings
support the role of xanthelasma as a visible clinical marker
of underlying metabolicand subclinical vascularalterations.
Routine recognition of xanthelasma in clinical practice may
prompt further cardiometabolic risk assessment, including
ABI measurement. Future large-scale, prospective studies
are needed to clarify its prognostic value and potential role
in cardiovascular risk stratification.
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