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Abstract: Background/Objectives: Chronic systemic inflammation is a risk factor that increases the
development of atherosclerosis and predisposes to cardiovascular diseases (CVDs). The systemic
inflammatory profile of alopecia areata (AA) regarding IFNγ and Th1 cytokine dysregulation has
previously been described, suggesting an increased incidence of CVDs in this population. No previ-
ous studies investigated the possible relationship between atherosclerosis and AA by cardiovascular
imaging techniques. To determine the prevalence, distribution and burden of subclinical atherosclero-
sis in AA. Methods: We conducted a case–control study in 62 participants, including 31 patients with
severe AA (SALT > 75) and 31 healthy controls, matched for age, sex and body mass index (BMI).
The participants underwent a detailed history assessment and were subjected to the measurement
of weight, height, abdominal circumference and blood pressure. A fasting blood sample was also
collected. Subclinical atherosclerosis was evaluated by ultrasonography of the bilateral femoral and
carotid arteries. Results: The AA patients had an increased prevalence of subclinical atherosclerosis
(54.7%) compared to the healthy controls (22.6%, p = 0.010). The prevalence of atheroma plaques
was significantly higher in the carotid arteries (41.90% vs. 12.9%, p = 0.009), while no significant
differences were found in femoral plaque prevalence. The AA patients with atherosclerotic plaques
were older (p < 0.001) and had a longer time since AA diagnosis (p = 0.11) and increased serum levels
of glycated hemoglobin (p = 0.029) and triglycerides (p = 0.009). In a regression analysis, duration of
disease and neutrophil/lymphocyte ratio were the main predictors of atherosclerosis. Conclusions:
AA patients have an increased prevalence of carotid subclinical atherosclerosis. The duration of AA,
systemic inflammation and insulin resistance appear to play a role in the development of subclinical
atherosclerosis in this population.

Keywords: hair loss; cardiovascular risk factor; ultrasound; autoimmune-induced hair loss

1. Introduction

Alopecia areata (AA) is a chronic immune-mediated disease that most frequently
presents as well demarcated areas of sudden and asymptomatic hair loss on the scalp [1]. It
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is, however, a complex disease with increasing prevalence and great clinical variety that can
affect any surface with hair follicles [2]. Although traditionally considered an organ-specific
disease limited to the hair follicle, its systemic nature has recently been established [3]. The
key role of systemic immunity is supported by an increased risk of autoimmune diseases, a
higher prevalence of autoantibodies and the use of immunosuppressants as the basis of AA
treatment [4–6].

AA is considered a multifactorial disease in which environmental factors act on
genetically predisposed individuals, triggering the collapse of the hair follicle’s immune
privilege, which is then maintained through a local increase in IFNγ and IL-15 via the
JAK/STAT pathway [7,8]. This peribulbar inflammatory cascade subsequently disrupts hair
follicle cycling and leads to a premature entry into the telogen phase, causing the clinical
phenotype of AA [9]. In addition, systemic inflammatory changes have been detected in
AA patients, involving both innate immunity, with increased serum levels of IL-6, IL-8 and
IFNγ, and the adaptive immune system, with a systemic dysregulation of Th1 cytokines.
These alterations have been found to be more prominent in patients with a greater severity
of the disease and a longer time since AA diagnosis [3,10,11].

Previous studies reported that inflammatory dysregulation in patients with immune-
mediated diseases is associated with a higher risk of cardiovascular disease (CVD). Systemic
inflammation, when maintained chronically in time, can become a risk factor that con-
tributes, together with traditional cardiovascular risk factors (CVRFs), to the development
of accelerated atherosclerosis [12,13]. Atherosclerosis is even considered a chronic inflam-
matory disorder of the arterial wall, in which endothelial dysfunction and hemodynamic
damage in areas of turbulent blood flow favor the expression of adhesion molecules and
local inflammatory cytokines (IL-6 and IL-8), triggering lipid deposition, smooth mus-
cle proliferation and the formation of an atherosclerotic plaque [14]. The importance of
atherosclerosis relies on it being the base of CVD. It is well established that increased inflam-
mation may compromise the stability of existing atherosclerotic plaques, causing plaque
rupture or thrombosis, which may result in blood vessel occlusion and acute cardiovascular
events [15].

It has been hypothesized that patients with AA may therefore be at great risk of
subclinical atherosclerosis and CVD. However, the published data are scarce, and an
association is yet to be proven. The aim of this study was to determine the prevalence,
territorial distribution and burden of subclinical atherosclerosis in AA patients compared
to healthy individuals.

2. Materials and Methods
2.1. Study Design

We conducted a case–control study at the Hair Disorders Unit of the University
Hospital Ramón y Cajal in Madrid. The study was approved by the local research ethics
committee and conducted in accordance with the principles of the Declaration of Helsinki.
All participants provided written informed consent. All participants were consecutively
and voluntarily recruited from April 2021 to October 2022.

2.2. Inclusion and Exclusion Criteria

The inclusion criteria were a diagnosis of AA with more than 75% of scalp involvement
(SALT > 75), age over 18 years and the absence of systemic treatment for AA (4 weeks for
standard immunosuppressive treatment and 12 weeks for anti-JAK therapy). The diagno-
sis of AA and SALT evaluation were performed by board-certified dermatologists. The
healthy controls were randomly recruited from among patients attending the Dermatology
Department with non-inflammatory dermatological diagnoses and from among hospital
personnel. The inclusion criteria for this group were age 18 years or older and the absence
of a personal or family history of AA or of any autoimmune-induced alopecia. AA patients
and healthy controls were matched 1:1 for sex, age and body mass index (BMI).
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Exclusion criteria, for both cases and healthy controls, were a personal history of
cardiovascular or cerebrovascular diseases or the presence of other chronic inflammatory
conditions, including psoriasis, atopic dermatitis and rheumatoid arthritis.

2.3. Clinical, Antrhopometrical and Laboratory Variables

All participants underwent a full medical history assessment, with data regarding
sex, age, smoking habits, diagnosis of CVRFs (hypertension, dyslipidemia, diabetes and
metabolic syndrome) and drug intake. In the AA group, SALT and time since the first
episode of AA were also noted.

A physical examination was performed recording weight, height and abdominal cir-
cumference measured in the standing position using a flexible tape at the midpoint between
the lowest rib and the iliac crest. Blood pressure was then determined as the mean of three
consecutive measurements taken 5 min apart with an automatic sphygmomanometer (M6
AC, OMRON Healthcare Co. Ltd., Kyoto, Japan).

Blood samples were drawn after at least 8 h of fasting. Blood parameters were mea-
sured using standard automated techniques and consisted of a complete blood count and
of the serum levels of triglycerides, total cholesterol, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), liver enzymes (AST, ALT, GGT, al-
kaline phosphatase), C-reactive protein (CRP), albumin, glucose, glycosylated hemoglobin
and insulin. Regarding indexes, the neutrophil-to-lymphocyte ratio (NLR) was calculated
as a simple ratio between the neutrophil and the lymphocyte counts measured in the periph-
eral blood [16], and the calculation formula for the triglyceride–glucose index (TyG) was as
follows: TyG = Ln [fasting triglycerides (mg/dL) × fasting blood glucose (mg/dL)/2] [17].

2.4. Ultrasound Study

All subjects underwent a systematic carotid and femoral ultrasound examination with
a Clarius® Ultra-High Frequency Linear Scanner (L20 HD3, Vancouver, BC, Canada). The
ultrasound examination was performed bilaterally in the transversal and longitudinal
planes as previously described, covering all the territory from the supraclavicular fossa
to the submandibular angle and the 20 mm segment proximal to the common femoral
artery bifurcation into superficial and deep femoral arteries [18,19]. An atherosclerotic
plaque was defined as a focal structure protruding into the arterial lumen ≥ 0.5 mm or
with a thickness ≥ 50% of the surrounding intimal layer, or with a diffuse thickening of
≥1.5 mm (Figure 1) [18]. The thickness of each atherosclerotic plaque was determined as
the mean value of three measurements. The diagnosis of subclinical atherosclerosis was
defined as the presence of at least one atherosclerotic plaque in any of the studied arteries.
The subclinical atherosclerosis burden was assessed according to the number of vascular
territories affected.

2.5. Statistical Analysis

Statistical analysis was performed using SPSS version 20.9 (SPSS, Chicago, IL, USA).
The Kolmogorov–Smirnoff test was used to check the normality of the data distribution.
Quantitative variables are expressed by their mean, alongside with their standard deviation
(SD), while qualitative variables are expressed by absolute frequency and percentage.
The variables were compared between the groups using the Pearson chi-square test or
Fisher’s exact test for qualitative variables, and Student’s t-tests or Mann–Whitney U test
for quantitative variables. Binary logistic regression analysis was performed to establish
the most significant determinants of subclinical atherosclerosis. A p-value < 0.05 was
considered significant for all the analyses performed.
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Figure 1. (A) Ultrasound imaging of the right common femoral artery of a healthy control without
subclinical atherosclerosis. (B) Atherosclerotic plaque of 1.8 mm detected by ultrasound of the left
carotid artery in a patient with AA.

3. Results

The study population comprised 62 participants, including 31 patients with AA and
31 healthy controls, matched 1:1 for sex, age and BMI. The mean age among was 45.0 ± 11.6
and 44.8 ± 12.2 years for AA patients and healthy subjects, respectively (p = 0.949). Within
the AA patients, the time since AA diagnosis was 15.5 ± 12.0 years, with a mean SALT of
98.8 ± 3.4.

3.1. Clinical, Anthropometrical and Laboratory Results

Regarding the CVRFs, a significantly higher prevalence of dyslipidemia was found
among the AA patients compared to the control group (70.97% vs. 42.86%, p = 0.029).
No significant differences were found regarding age, sex, BMI, abdominal circumference,
tobacco consumption or arterial hypertension. The anthropometrical and clinical data of
the participants are displayed in Table 1.

Table 1. Anthropometrical and clinical data of patients with AA and healthy controls.

Alopecia Areata
N = 31

Healthy Controls
N = 31 p

Sex (m/f) 12/19 12/19 NS

Age (years) 45.03 ± 11.6 44.84 ± 12.2 NS

Body mass index (kg/m2) 25.54 ± 3.9 25.79 ± 3.8 NS

Waist circumference 88.58 ± 12.6 89.68 ± 11.2 NS

Systolic blood pressure (mmHg) 124.44 ± 13.6 124.29 ± 13.1 NS

Diastolic blood pressure (mmHg) 83.18 ± 7.9 77.64 ± 8.3 0.017

Smoking (%) 21.42% 19.35% NS

Hypertension (%) 70.97% 64.28% NS

Dyslipidemia (%) 70.97% 42.86% 0.029

Time since AA diagnosis (years) 15.46 ± 12.0 - -

SALT 98.75 ± 3.4 - -
SALT, Severity of Alopecia Tool; NS, non-significant. Data expressed as % (qualitative variables) or as
mean ± standard deviation (quantitative variables).
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As for the biochemical data, the AA patients presented with significantly lower albu-
min levels (3.99 ± 0.3 vs. 4.55 ± 0.2, p = 0.031) and a significantly higher neutrophil count
(3.92 ± 1.4 × 103 vs. 3.12 ± 1.0 × 103, p = 0.028). No other significant differences were
found between the groups. The full biochemical data are shown in Table 2.

Table 2. Biochemical data of patients with AA and healthy controls.

Alopecia Areata
N = 31

Healthy Controls
N = 31 p

Glucose (mg/dL) 90.36 ± 9.3 90.76 ± 6.9 NS

Albumin (mg/dL) 3.99 ± 0.3 4.55 ± 0.2 0.031

Cholesterol (mg/dL) 205.10 ± 44.2 191.29 ± 36.2 NS

HDL (mg/dL) 64.42 ± 24.3 61.59 ± 14.3 NS

LDL (mg/dL) 121.26 ± 31.6 115.37 ± 35.3 NS

Triglycerides (mg/dL) 95.39 ± 52.0 74.89 ± 27.6 NS

AST (U/L) 23.90 ± 15.6 21.29 ± 6.3 NS

ALT (U/L) 24.16 ± 21.3 20.54 ± 12.1 NS

GGT (U/L) 28.06 ± 22.8 19.04 ± 11.9 NS

Alkaline phosphatase (U/L) 70.68 ± 21.8 65.96 ± 30.5 NS

CRP (mg/dL) 3.70 ± 7.3 1.54 ± 1.2 NS

HbA1-c (%) 5.37 ± 0.3 5.26 ± 0.2 NS

Neutrophils (×103/mL) 3.92 ± 1.4 3.12 ± 1.0 0.028

Lymphocytes (×103 mL) 2.25 ± 0.7 2.15 ± 0.5 NS

Platelets (×103/mL) 244.13 ± 55.9 237.38 ± 44.8 NS

NLR 1.86 ± 0.8 1.49 ± 0.4 NS

SII 463.60 ± 238.8 364.13 ± 136.4 NS

TyG 8.25 ± 0.5 8.04 ± 0.4 NS
CRP, C-reactive protein; NLR, neutrophil/lymphocyte ratio; SII, systemic inflammatory index; TyG, triglyceride–
glucose index; NS, non-significant. Data expressed as mean ± standard deviation.

3.2. Femoral and Carotid Atherosclerosis

The prevalence of subclinical atherosclerosis was significantly higher in patients with
AA than in healthy controls (54.84% vs. 22.58%, p = 0.010). Carotid plaque prevalence was
significantly increased among the AA patients compared to the controls (p = 0.009). No
differences were found regarding the prevalence of atherosclerosis plaques in the femoral
territory (p = 0.543). The prevalence of subclinical atherosclerosis in the study population is
exhibited in Figures 2 and 3.

Ten AA patients (32.3%) showed an involvement of at least two of the four territories
studied, and four (12.9%) had an atherosclerotic burden of three or more territories. There
were no significant differences between patients with AA and healthy controls regarding
the atherosclerotic burden.

3.3. Relationship of Clinical, Anthropometrical and Laboratory Variables with Atherosclerosis

AA patients with subclinical atherosclerosis had a significantly higher age (p < 0.001),
a longer time since AA diagnosis (p = 0.14), higher serum triglyceride levels (p = 0.017) and
an increased percentage of serum glycated hemoglobin (p = 0.003) compared to AA patients
without atherosclerotic plaques. The serum lymphocyte levels (p = 0.021) were lower in
the former group compared to AA patients without subclinical atherosclerosis. Regarding
the calculated indexes, significantly increased levels of NLR (p = 0.004) and TyG (p = 0.013)
were observed in AA patients with femoral and/or carotid plaques. No other significant
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differences were found between the groups. The comparison of anthropometric, clinical
and biochemical data between AA patients with and without subclinical atherosclerosis is
shown in Table 3.

Figure 2. Percentage of participants with subclinical atherosclerosis and presence of atheroma plaques
in carotid and femoral arteries in patients with AA and healthy controls. *: p < 0.05.
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Table 3. Anthropometric, clinical and biochemical data in patients with AA according to the presence
or absence of subclinical atherosclerosis.

Alopecia Areata with
Subclinical

Atherosclerosis
N = 17

Alopecia Areata
without Subclinical

Atherosclerosis
N = 14

p

Sex (m/f) 4/13 8/6 NS

Age (years) 52.06 ± 7.8 44.84 ± 12.2 NS

Body mass index (kg/m2) 25.80 ± 4.3 36.50 ± 9.5 <0.001

Waist circumference 90.44 ± 13.9 25.23 ± 3.5 NS

Systolic blood pressure
(mmHg) 125.55 ± 13.5 123.10 ± 12.3 NS

Diastolic blood pressure
(mmHg) 84.22 ± 7.0 81.93 ± 8.9 NS

Smoking (%) 29.4% 14.3% NS

Hypertension (%) 64.71% 78.57% NS

Dyslipidemia (%) 76.47% 64.29% NS

Time since AA diagnosis
(years) 21.07 ± 13.5 9.00 ± 4.9 0.11

SALT 99.00 ± 2.9 98.39 ± 4.2 NS

Glucose (mg/dL) 92.12 ± 8.6 88.21 ± 9.9 NS

Albumin (mg/dL) 4.31 ± 0.2 4.50 ± 0.3 NS

Cholesterol (mg/dL) 214.47 ± 47.6 193.71 ± 38.4 NS

HDL (mg/dL) 68.29 ± 29.7 59.71 ± 15.3 NS

LDL (mg/dL) 122.71 ± 32.6 119.50 ± 31.4 NS

Triglycerides (mg/dL) 115.94 ± 60.3 70.43 ± 23.3 0.017

AST (U/L) 25.24 ± 19.8 22.29 ± 8.6 NS

ALT (U/L) 28.29 ± 27.6 19.14 ± 8.1 NS

GGT (U/L) 33.35 ± 27.2 21.64 ± 14.5 NS

Alkaline phosphatase (U/L) 67.18 ± 20.4 74.93 ± 23.4 NS

CRP (mg/dL) 2.54 ± 2.4 2.35 ± 2.4 NS

HbA1-c (%) 5.49 ± 0.3 5.23 ± 0.1 0.003

Neutrophils (×103/mL) 4.20 ± 1.3 3.58 ± 1.5 NS

Lymphocytes (×103 mL) 2.01 ± 0.7 2.55 ± 0.7 0.021

Platelets (×103/mL) 236.76 ± 48.9 253.07 ± 64.0 NS

NLR 2.23 ± 0.8 1.41 ± 0.5 0.004

SII 542.64 ± 258.4 367.62 ± 177.2 NS

TyG 8.46 ± 0.5 7.99 ± 0.4 0.013
SALT, Severity of Alopecia Tool; CRP, C-reactive protein; NLR, neutrophil/lymphocyte ratio; SII, systemic
inflammatory index; TyG, triglyceride–glucose index; NS, non-significant. Data expressed as % (qualitative
variables) or as mean ± standard deviation (quantitative variables).

3.4. Regresion Analysis

The stepwise logistic binary regression analysis revealed that the main variables that
predicted the presence of subclinical atherosclerosis in AA patients were age (OR = 1.24;
p = 0.008) and the neutrophil/lymphocyte ratio (OR = 18.029; p = 0.06).



J. Clin. Med. 2024, 13, 4264 8 of 12

4. Discussion

Immune-mediated diseases are recognized risk factors for the development of ac-
celerated atherosclerotic CVDs. Chronic systemic inflammation, a defining feature of
immune-mediated diseases, exerts a detrimental effect on the arterial endothelium, the
innermost layer of cells lining the blood vessels. This persistent inflammatory state alters
the endothelial function, resulting in impaired blood flow and increased adhesion of in-
flammatory cells to the arterial wall [12,13]. Patients with AA may also be predisposed to
an increased risk of CVD, due the systemic inflammatory nature of this disease, although
this is not yet well understood. For this purpose, we conducted the first study investigat-
ing subclinical atherosclerosis by imaging techniques in peripheral vascular territories in
AA patients.

Regarding the prevalence of CVRFs, our study revealed a significantly higher preva-
lence of dyslipidemia in the AA patients than in the control group. These findings are
similar to those of numerous population-based studies in patients with AA, which indicate
that dyslipidemia is the second most frequent comorbidity in this subgroup [20,21]. It
should be noted that, despite the fact that these studies support our finding of an increased
risk of dyslipidemia, the reported prevalence of dyslipidemia among AA patients does
not exceed 25%, a figure far from that obtained in this study. However, Nasimi et al. [22]
showed a significant association between the diagnosis of dyslipidemia and the extension
of AA, which could justify the high prevalence we obtained, given that only patients with
a SALT > 75 were included. Although our AA patients showed a significantly higher
prevalence of dyslipidemia, a known CVRF associated with atherosclerosis, the regression
analysis did not reveal this CVRF as a possible predictor of subclinical atherosclerosis.
This, together with the absence of differences in other traditional CVRFs between AA and
controls, may give greater value to the ultrasound findings.

There were no significant differences regarding other traditional CVRFs (abdominal
obesity, tobacco consumption, hypertension). A higher prevalence of isolated diastolic
hypertension was reflected in our series of AA patients, similar to what Karadag et al. [23]
stated. However, although statistically significant, the differences found are probably not
clinically relevant, given that isolated diastolic hypertension has not been shown to increase
the risk of CVD [24].

Our results reflect a higher prevalence of subclinical atherosclerosis, after the ultra-
sound study of the carotid arteries, in AA patients than in the control group, with a similar
prevalence of femoral atherosclerotic plaques (Figure 3). This differential impact in different
territories may explain the higher incidence of cerebrovascular disease among patients with
AA, without an increase in the risk of peripheral vascular disease or heart disease [20,25,26].
These findings are in accordance with studies in patients with rheumatoid arthritis, sys-
temic lupus erythematosus and human immunodeficiency virus infection, reporting a
higher pro-atherosclerotic effect of chronic inflammation in the carotid arteries [27,28]. In
contrast, our results differ from those of studies performed in patients with psoriasis and
in the general population, where the progression of atherosclerosis appeared to begin in
the femoral territory [29,30].

The reason for the variable impact of inflammatory diseases in the development of
atherosclerosis on the carotid and femoral arteries is poorly understood, although differ-
ences in the arterial wall may be involved (Figure 4). The femoral arteries have a greater
muscular component similar to that of the walls of the coronary arteries, which results in a
correlation between the presence of atherosclerotic plaques in these territories [31].

As shown previously in general-population studies, a diagnosis of femoral atheroscle-
rosis is strongly associated with coronary artery disease [32]. Furthermore, the accumu-
lation of traditional CVRFs is known to have a great atherogenic effect on the femoral
and coronary territories [27,33]. The analysis of CVRFs revealed no significant differences
between the control group and the patients with AA, excluding dyslipidemia. This ob-
served low prevalence of traditional risk factors in the two groups might explain the similar
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prevalence of femoral atherosclerotic plaques detected among AA patients and healthy
controls.
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Created with BioRender.com.

On the other hand, the wall of the carotid arteries has a dominant elastic layer [31].
Interestingly, atherosclerosis at this level is less related to classic CVRFs, with plaque histo-
logical composition presenting a higher proportion of macrophages and inflammatory cells
than in femoral atherosclerotic plaques [27,34]. Our findings showed that the AA patients
who had subclinical atherosclerosis were older, with a longer time since diagnosis and with
significantly higher insulin resistance and NLR. In fact, only the NLR and age could predict
the presence of subclinical atherosclerosis. The NRL index is a well-known biomarker of
inflammation that reflects the balance between acute and chronic inflammation (indicated
by the neutrophil count) and adaptive immunity (indicated by the lymphocyte count).
This marker has previously been studied in other inflammatory skin diseases, such as
psoriasis and hidradenitis suppurativa, showing its possible utility as a subclinical tool for
the screening of atherosclerosis and CVDs [35,36]. In our study, although not statistically
significant, the NLR could be a marker to further explore in AA patients.

In all, these results suggest that systemic inflammation in AA plays a key role in
the development of atherosclerosis, which could explain a higher prevalence of carotid
atherosclerotic plaques in comparison with femoral involvement. Carotid ultrasound is
therefore a noninvasive tool useful in the screening of patients with AA, in order to detect
subclinical atherosclerosis and to identify those at risk of future cardiovascular events.

The study limitations include the small sample size and the restriction to patients
with a great extension of alopecia (SALT > 75). This strict inclusion criterion was aimed to
allow for only the inclusion of patients with severe disease and high systemic inflammatory
dysregulation, which probably makes our results not applicable to all AA patients. Further
studies with a larger sample size are required to validate our findings in moderate and mild
cases of AA. The main study strength is the 1:1 matching between patients and controls for
age, sex and BMI.
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5. Conclusions

Patients with AA showed a higher prevalence of carotid subclinical atherosclerosis
than healthy controls, with no differences regarding the femoral involvement. There was
an increase in the prevalence of dyslipidemia among patients with AA, with no differences
regarding other CVRFs. The duration of AA, systemic inflammation measured with the
NLR and insulin resistance measured with the TyG may play a key role in the development
of subclinical atherosclerosis, together with traditional CVRFs.

Author Contributions: Conceptualization, P.B.-B., A.G.-C., S.V.-G. and D.S.-C.; Methodology, P.B.-B.,
A.G.-C., A.H.-G., J.J.-C., D.B.-C., E.B.-R., C.A.-J.d.A., S.V.-G. and D.S.-C.; Formal analysis, P.B.-B.,
A.G.-C., A.H.-G., J.J.-C., D.B.-C., E.B.-R., C.A.-J.d.A., S.V.-G. and D.S.-C.; Investigation, P.B.-B., A.G.-C.,
A.H.-G., J.J.-C., D.B.-C., E.B.-R. and C.A.-J.d.A.; Data curation, P.B.-B., A.G.-C., A.H.-G., J.J.-C., D.B.-C.,
E.B.-R. and C.A.-J.d.A.; Writing—original draft, P.B.-B. and A.G.-C.; Writing—review & editing, S.V.-G.
and D.S.-C.; Supervision, S.V.-G. and D.S.-C. All authors have read and agreed to the published
version of the manuscript.

Funding: This article received no funding.

Institutional Review Board Statement: All human and animal studies were approved by an Institu-
tional Review Board.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Dataset available on request from the authors.

Conflicts of Interest: The authors have no conflicts of interest to declare.

References
1. Strazzulla, L.C.; Wang, E.H.C.; Avila, L.; Sicco, K.L.; Brinster, N.; Christiano, A.M.; Shapiro, J. Alopecia areata: Disease

characteristics, clinical evaluation, and new perspectives on pathogenesis. J. Am. Acad. Dermatol. 2018, 78, 1–12. [CrossRef]
[PubMed]

2. Mirzoyev, S.A.; Schrum, A.G.; Davis, M.D.P.; Torgerson, R.R. Lifetime incidence risk of alopecia areata estimated at 2.1% by
Rochester Epidemiology Project, 1990–2009. J. Invest. Dermatol. 2014, 134, 1141–1142. [CrossRef] [PubMed]

3. Glickman, J.W.; Dubin, C.; Renert-Yuval, Y.; Dahabreh, D.; Kimmel, G.W.; Auyeung, K.; Estrada, Y.D.; Singer, G.; Krueger, J.G.;
Pavel, A.B.; et al. Cross-sectional study of blood biomarkers of patients with moderate to severe alopecia areata reveals systemic
immune and cardiovascular biomarker dysregulation. J. Am. Acad. Dermatol. 2021, 84, 370–380. [CrossRef] [PubMed]

4. Andersen, Y.M.F.; Egeberg, A.; Gislason, G.H.; Skov, L.; Thyssen, J.P. Autoimmune diseases in adults with atopic dermatitis. J.
Am. Acad. Dermatol. 2017, 76, 274–280.e1. [CrossRef] [PubMed]

5. Colombe, B.W.; Price, V.H.; Khoury, E.L.; Garovoy, M.R.; Lou, C.D. HLA class II antigen associations help to define two types of
alopecia areata. J. Am. Acad. Dermatol. 1995, 33 Pt 1, 757–764. [PubMed]

6. Villasante Fricke, A.C.; Miteva, M. Epidemiology and burden of alopecia areata: A systematic review. Clin. Cosmet. Investig.
Dermatol. 2015, 8, 397–403. [CrossRef]

7. Paus, R.; Bertolini, M. The role of hair follicle immune privilege collapse in alopecia areata: Status and perspectives. J. Investig.
Dermatol. Symp. Proc. 2013, 16, S25–S27. [CrossRef] [PubMed]

8. Bertolini, M.; McElwee, K.; Gilhar, A.; Bulfone-Paus, S.; Paus, R. Hair follicle immune privilege and its collapse in alopecia areata.
Exp. Dermatol. 2020, 29, 703–725. [CrossRef]

9. Van Scott, E.J. Morphologic changes in pilosebaceous units and anagen hairs in alopecia areata. J. Invest. Dermatol. 1958, 31, 35–43.
[CrossRef]

10. Petukhova, L.; Duvic, M.; Hordinsky, M.; Norris, D.; Price, V.; Shimomura, Y.; Kim, H.; Singh, P.; Lee, A.; Chen, W.V.; et al.
Genome-wide association study in alopecia areata implicates both innate and adaptive immunity. Nature 2010, 466, 113–117.
[CrossRef]
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L. Chemokine C-C Motif Ligand 7 (CCL7), a Biomarker of Atherosclerosis, Is Associated with the Severity of Alopecia Areata: A
Preliminary Study. J. Clin. Med. 2021, 10, 5418. [CrossRef] [PubMed]

12. Gelfand, J.M.; Neimann, A.L.; Shin, D.B.; Wang, X.; Margolis, D.J.; Troxel, A.B. Risk of myocardial infarction in patients with
psoriasis. JAMA 2006, 296, 1735–1741. [CrossRef] [PubMed]

13. Barrera-Ochoa, C.; Berna-Rico, E.; Burgos-Blasco, P.; Saceda-Corralo, D.; González-Cantero, Á. Cardiovascular risk in immune-
mediated inflammatory diseases. J. IMIDs 2021, 1, 10–18. [CrossRef]

https://doi.org/10.1016/j.jaad.2017.04.1141
https://www.ncbi.nlm.nih.gov/pubmed/29241771
https://doi.org/10.1038/jid.2013.464
https://www.ncbi.nlm.nih.gov/pubmed/24202232
https://doi.org/10.1016/j.jaad.2020.04.138
https://www.ncbi.nlm.nih.gov/pubmed/32376430
https://doi.org/10.1016/j.jaad.2016.08.047
https://www.ncbi.nlm.nih.gov/pubmed/27742171
https://www.ncbi.nlm.nih.gov/pubmed/7593774
https://doi.org/10.2147/CCID.S53985
https://doi.org/10.1038/jidsymp.2013.7
https://www.ncbi.nlm.nih.gov/pubmed/24326544
https://doi.org/10.1111/exd.14155
https://doi.org/10.1038/jid.1958.73
https://doi.org/10.1038/nature09114
https://doi.org/10.3390/jcm10225418
https://www.ncbi.nlm.nih.gov/pubmed/34830700
https://doi.org/10.1001/jama.296.14.1735
https://www.ncbi.nlm.nih.gov/pubmed/17032986
https://doi.org/10.24875/JIMIDS.M21000004


J. Clin. Med. 2024, 13, 4264 11 of 12

14. Zhu, Y.; Xian, X.; Wang, Z.; Bi, Y.; Chen, Q.; Han, X.; Tang, D.; Chen, R. Research Progress on the Relationship between
Atherosclerosis and Inflammation. Biomolecules 2018, 8, 80. [CrossRef] [PubMed]

15. Dave, T.; Ezhilan, J.; Vasnawala, H.; Somani, V. Plaque regression and plaque stabilisation in cardiovascular diseases. Indian. J.
Endocrinol. Metab. 2013, 17, 983–989. [CrossRef] [PubMed]

16. Song, M.; Graubard, B.I.; Rabkin, C.S.; Engels, E.A. Neutrophil-to-lymphocyte ratio and mortality in the United States general
population. Sci. Rep. 2021, 11, 464. [CrossRef] [PubMed]

17. Liu, X.C.; He, G.D.; Lo, K.; Huang, Y.Q.; Feng, Y.Q. The Triglyceride-Glucose Index, an Insulin Resistance Marker, Was Non-linear
Associated with All-Cause and Cardiovascular Mortality in the General Population. Front. Cardiovasc. Med. 2020, 7, 628109.
[CrossRef]

18. Muntendam, P.; McCall, C.; Sanz, J.; Falk, E.; Fuster, V.; High-Risk Plaque Initiative. The BioImage Study: Novel approaches to
risk assessment in the primary prevention of atherosclerotic cardiovascular disease--study design and objectives. Am. Heart, J.
2010, 160, 49–57.e1. [CrossRef]

19. Junyent, M.; Gilabert, R.; Zambón, D.; Pocoví, M.; Mallén, M.; Cofán, M.; Núñez, I.; Civeira, F.; Tejedor, D.; Ros, E. Femoral
atherosclerosis in heterozygous familial hypercholesterolemia: Influence of the genetic defect. Arterioscler. Thromb. Vasc. Biol.
2008, 28, 580–586. [CrossRef]

20. Conic, R.R.Z.; Chu, S.; Tamashunas, N.L.; Damiani, G.; Bergfeld, W. Prevalence of cardiac and metabolic diseases among patients
with alopecia areata. J. Eur. Acad. Dermatol. Venereol. 2021, 35, e128–e129. [CrossRef]

21. Senna, M.; Ko, J.; Tosti, A.; Edson-Heredia, E.; Fenske, D.C.; Ellinwood, A.K.; Rueda, M.J.; Zhu, B.; King, B. Alopecia Areata
Treatment Patterns, Healthcare Resource Utilization, and Comorbidities in the US Population Using Insurance Claims. Adv. Ther.
2021, 38, 4646–4658. [CrossRef] [PubMed]

22. Nasimi, M.; Shakoei, S.; Abedini, R.; Ghandi, N.; Faghihi, Z. A cross-sectional study of metabolic syndrome in patients with
alopecia areata. Indian. J. Dermatol. Venereol. Leprol. 2021, 87, 427–429. [CrossRef]

23. Karadag, A.S.; Ertugrul, D.T.; Bilgili, S.G.; Takci, Z.; Tutal, E.; Yilmaz, H. Insulin resistance is increased in alopecia areata patients.
Cutan. Ocul. Toxicol. 2013, 32, 102–106. [CrossRef] [PubMed]

24. McEvoy, J.W.; Daya, N.; Rahman, F.; Hoogeveen, R.C.; Blumenthal, R.S.; Shah, A.M.; Ballantyne, C.M.; Coresh, J.; Selvin, E.
Association of Isolated Diastolic Hypertension as Defined by the 2017 ACC/AHA Blood Pressure Guideline with Incident
Cardiovascular Outcomes. JAMA 2020, 323, 329–338. [CrossRef]

25. Lee, H.; Kim, Y.C.; Choi, J.W. Alopecia areata is not a risk factor for heart diseases: A 10-year retrospective cohort study. PLoS
ONE 2021, 16, e0250216. [CrossRef]

26. Kang, J.H.; Lin, H.C.; Kao, S.; Tsai, M.C.; Chung, S.D. Alopecia Areata Increases the Risk of Stroke: A 3-year Follow-Up Study. Sci.
Rep. 2015, 5, 11718. [CrossRef]

27. Protogerou, A.D.; Fransen, J.; Zampeli, E.; Argyris, A.A.; Aissopou, E.; Arida, A.; Konstantonis, G.D.; Tentolouris, N.; Makrilakis,
K.; Psichogiou, M.; et al. The Additive Value of Femoral Ultrasound for Subclinical Atherosclerosis Assessment in a Single Center
Cohort of 962 Adults, Including High Risk Patients with Rheumatoid Arthritis, Human Immunodeficiency Virus Infection and
Type 2 Diabetes Mellitus. PLoS ONE 2015, 10, e0132307. [CrossRef]

28. Tektonidou, M.G.; Kravvariti, E.; Konstantonis, G.; Tentolouris, N.; Sfikakis, P.P.; Protogerou, A. Subclinical atherosclerosis in
Systemic Lupus Erythematosus: Comparable risk with Diabetes Mellitus and Rheumatoid Arthritis. Autoimmun. Rev. 2017, 16,
308–312. [CrossRef]

29. Fernández-Friera, L.; Peñalvo, J.L.; Fernández-Ortiz, A.; Ibañez, B.; López-Melgar, B.; Laclaustra, M.; Oliva, B.; Mocoroa, A.;
Mendiguren, J.; de Vega, V.M.; et al. Prevalence, Vascular Distribution, and Multiterritorial Extent of Subclinical Atherosclerosis
in a Middle-Aged Cohort: The PESA (Progression of Early Subclinical Atherosclerosis) Study. Circulation 2015, 131, 2104–2113.
[CrossRef] [PubMed]

30. Gonzalez-Cantero, A.; Gonzalez-Cantero, J.; Sanchez-Moya, A.I.; Perez-Hortet, C.; Arias-Santiago, S.; Schoendorff-Ortega, C.;
Gonzalez-Calvin, J.L. Subclinical atherosclerosis in psoriasis. Usefulness of femoral artery ultrasound for the diagnosis, and
analysis of its relationship with insulin resistance. PLoS ONE 2019, 14, e0211808. [CrossRef]

31. Stella, M.L.; Mircoli, L.; Mangoni, A.A.; Giannattasio, C.; Ferrari, A.U.; Mancia, G. Differential alterations of common carotid and
femoral artery distensibility in 12-week-old spontaneously hypertensive rats. J. Hypertens. 1997, 15 Pt 2, 1665–1669. [CrossRef]
[PubMed]

32. Laclaustra, M.; Casasnovas, J.A.; Fernández-Ortiz, A.; Fuster, V.; León-Latre, M.; Jiménez-Borreguero, L.J.; Pocovi, M.; Hurtado-
Roca, Y.; Ordovas, J.M.; Jarauta, E.; et al. Femoral and Carotid Subclinical Atherosclerosis Association with Risk Factors and
Coronary Calcium: The AWHS Study. J. Am. Coll. Cardiol. 2016, 67, 1263–1274. [CrossRef] [PubMed]

33. Salonen, J.T.; Salonen, R. Risk factors for carotid and femoral atherosclerosis in hypercholesterolaemic men. J. Intern. Med. 1994,
236, 561–566. [CrossRef] [PubMed]

34. Shaikh, S.; Brittenden, J.; Lahiri, R.; Brown, P.A.J.; Thies, F.; Wilson, H.M. Macrophage subtypes in symptomatic carotid artery
and femoral artery plaques. Eur. J. Vasc. Endovasc. Surg. 2012, 44, 491–497. [CrossRef]

https://doi.org/10.3390/biom8030080
https://www.ncbi.nlm.nih.gov/pubmed/30142970
https://doi.org/10.4103/2230-8210.122604
https://www.ncbi.nlm.nih.gov/pubmed/24381872
https://doi.org/10.1038/s41598-020-79431-7
https://www.ncbi.nlm.nih.gov/pubmed/33431958
https://doi.org/10.3389/fcvm.2020.628109
https://doi.org/10.1016/j.ahj.2010.02.021
https://doi.org/10.1161/ATVBAHA.107.153841
https://doi.org/10.1111/jdv.16864
https://doi.org/10.1007/s12325-021-01845-0
https://www.ncbi.nlm.nih.gov/pubmed/34292518
https://doi.org/10.25259/IJDVL_726_19
https://doi.org/10.3109/15569527.2012.713418
https://www.ncbi.nlm.nih.gov/pubmed/22916967
https://doi.org/10.1001/jama.2019.21402
https://doi.org/10.1371/journal.pone.0250216
https://doi.org/10.1038/srep11718
https://doi.org/10.1371/journal.pone.0132307
https://doi.org/10.1016/j.autrev.2017.01.009
https://doi.org/10.1161/CIRCULATIONAHA.114.014310
https://www.ncbi.nlm.nih.gov/pubmed/25882487
https://doi.org/10.1371/journal.pone.0211808
https://doi.org/10.1097/00004872-199715120-00070
https://www.ncbi.nlm.nih.gov/pubmed/9488220
https://doi.org/10.1016/j.jacc.2015.12.056
https://www.ncbi.nlm.nih.gov/pubmed/26988945
https://doi.org/10.1111/j.1365-2796.1994.tb00846.x
https://www.ncbi.nlm.nih.gov/pubmed/7964434
https://doi.org/10.1016/j.ejvs.2012.08.005


J. Clin. Med. 2024, 13, 4264 12 of 12

35. Sánchez-Díaz, M.; Salvador-Rodríguez, L.; Cuenca-Barrales, C.; Arias-Santiago, S.; Molina-Leyva, A. Exploring the role of
systemic immune-inflammation index and neutrophil-lymphocyte ratio in cardiovascular risk stratification for patients with
hidradenitis suppurativa: A cross-sectional study. J. Dermatol. 2022, 49, 1238–1244. [CrossRef]

36. Kvist-Hansen, A.; Kaiser, H.; Krakauer, M.; Gørtz, P.M.; Wang, X.; Becker, C.; Zachariae, C.; Hansen, P.R.; Skov, L. Neutrophil-to-
lymphocyte ratio and the systemic immune-inflammation index as potential biomarkers of effective treatment and subclinical
atherosclerotic cardiovascular disease in patients with psoriasis. J. Eur. Acad. Dermatol. Venereol. 2023, 37, e586–e589. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/1346-8138.16558
https://doi.org/10.1111/jdv.18860
https://www.ncbi.nlm.nih.gov/pubmed/36645810

	Introduction 
	Materials and Methods 
	Study Design 
	Inclusion and Exclusion Criteria 
	Clinical, Antrhopometrical and Laboratory Variables 
	Ultrasound Study 
	Statistical Analysis 

	Results 
	Clinical, Anthropometrical and Laboratory Results 
	Femoral and Carotid Atherosclerosis 
	Relationship of Clinical, Anthropometrical and Laboratory Variables with Atherosclerosis 
	Regresion Analysis 

	Discussion 
	Conclusions 
	References

