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ABSTRACT

Background: Numerous studies have indicated
that alopecia areata is associated with a chronic
systemic inflammation, which is considered as a
risk factor for venous thromboembolism. The
aim of the study was to evaluate the following
markers of venous thromboembolism risk: sol-
uble fibrin monomer complex (SFMC), throm-
bin–antithrombin complex (TATC), and
prothrombin fragment 1 ? 2 (F1 ? 2) in
patients with alopecia areata and compare them
with healthy controls.
Methods: In total, 51 patients with alopecia
areata [35 women and 16 men; mean age: 38
(19–54) years] and 26 controls [18 women and 8

men; mean age: 37 (29–51) years] were enrolled
in the study. The serum concentrations of
thromboembolism markers were measured
using an enzyme-linked immunosorbent assay
(ELISA) kit.
Results: An increased level of SFMC was
detected in patients with alopecia areata com-
pared with the controls [25.66 (20–34.86) versus
21.46 (15.38–29.48) lg/ml; p\ 0.05)]. In addi-
tion, a higher level of F1 ? 2 was observed in
patients with alopecia areata in comparison
with the control group [70150 (43720–86070)
versus 38620 (31550–58840) pg/ml; p\0.001].
No significant correlation was detected among
SFMC or F1 ? 2 and the Severity of Alopecia
Tool (SALT) score, disease duration, or the
number of the hair loss episodes.
Conclusion: Alopecia areata may be associated
with an increased risk of venous thromboem-
bolism. Regular screening and preventive man-
agement of venous thromboembolism may be
beneficial in patients with alopecia areata,
especially before and during systemic Janus
kinase (JAK) inhibitors or glucocorticoid
therapy.
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Key Summary Points

There are numerous risk factors for venous
thromboembolism, including systemic
inflammation. Markers of venous
thromboembolism risk include soluble
fibrin monomer complex,
thrombin–antithrombin complex, and
prothrombin fragment 1 ? 2.

Numerous studies have indicated that
alopecia areata is associated with chronic
systemic inflammation, with an increased
level of proinflammatory cytokines.

In the present study, an increased level of
soluble fibrin monomer complex and
prothrombin fragment 1 ? 2 in patients
with alopecia areata compared with the
control group was observed.

Alopecia areata may be associated with an
increased risk of venous
thromboembolism. Regular screening and
preventive management of venous
thromboembolism may be beneficial in
patients with alopecia areata.

INTRODUCTION

Alopecia areata is an autoimmune condition
characterized by nonscarring hair loss. The
pathogenesis of the disease has not been fully
elucidated. However, the role of the collapse of
the hair follicle immune privilege has been well
described [1]. Although alopecia areata was
considered as an organ-specific disorder limited
to the hair follicles, numerous studies have
indicated that the disease is associated with a
systemic inflammation [2]. In patients with
alopecia areata, an increased level of proin-
flammatory cytokines such as interleukin 1 beta
(IL-1b), IL-6, tumor necrosis factor (TNF), and
interferon gamma (IFN-c) has been observed.
Moreover, a higher prevalence of numerous
diseases associated with systemic inflammation

such as coronary artery disease, stroke, hyper-
lipidemia, diabetes mellitus, and metabolic
syndrome has been reported in patients with
alopecia areata compared with control patients.

Numerous therapeutic agents, both topical
(glucocorticoids) and systemic (glucocorticoids,
cyclosporine, methotrexate) [3] have been used
off label for alopecia areata. Janus kinase (JAK)
inhibitors are small molecules that are used in
the treatment of numerous autoimmune con-
ditions. Baricitinib, a JAK1/2 inhibitor, is the
first drug, approved in 2022, by the US Food and
Drug Administration (FDA) and the European
Medicines Agency (EMA) for the treatment of
alopecia areata.

The treatment of autoimmune diseases such
as alopecia areata is usually long lasting, so the
safety profile of the therapy is important. It is
well known that systemic glucocorticoids are
associated with an increased risk of venous
thromboembolism [4]. Indeed, pulmonary
thromboembolism was described in a patient
with alopecia areata treated with systemic ster-
oids for 6 months [5]. Moreover, the FDA has
warned about an increased risk of serious heart-
related events, cancer, blood clots, and death
for JAK inhibitors. It has been shown in patients
with rheumatoid arthritis that the use of tofac-
itinib, a JAK 1/2 inhibitor, was associated with
an increased risk of major adverse cardiovascu-
lar events (including venous thromboem-
bolism) when compared with TNF inhibitors
[6]. An increased risk of deep venous throm-
boembolism was also observed in patients with
rheumatoid arthritis treated with baricitinib [7]
and upadacitinib (a JAK1 inhibitor) [8]. To
date, pulmonary embolism has been only
reported in one patient with alopecia areata
treated with baricitinib.

OBJECTIVES

The aim of the study was to evaluate the fol-
lowing markers of venous thromboembolism
risk: soluble fibrin monomer complex (SFMC),
thrombin–antithrombin complex (TATC), and
prothrombin fragment 1 ? 2 (F1 ? 2) in
patients with alopecia areata and compare them
with healthy controls.
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METHODS

Patients

All patients with alopecia areata at the age of
18 years or older consulted in our department
between March 2021 and September 2021 were
screened for inclusion into this study. The
exclusion criteria were as follows: autoimmune
diseases other than alopecia areata, malignancy,
pregnancy and puerperium, breastfeeding, a
history of venous thromboembolism, hyperco-
agulable states or renal failure, the use of hor-
monal contraceptives, hormone-replacement
therapy, systemic glucocorticoids, JAK inhibi-
tors or anticoagulants, immobilization, smok-
ing and a history of trauma, and surgery or
hospitalization in the last 3 months. The con-
trol group comprised healthy persons matched
for age, gender, and body mass index (BMI).
Control group subjects followed the same
exclusion criteria.

Demographic data and clinical variables
(age, gender, weight, and height) were recorded
for all individuals. BMI was calculated as:
weight (kg)/height2 (m). Data considering the
number and duration of the present episode of
hair loss were collected in patients with alopecia
areata. The severity of alopecia tool (SALT) was
used to assess the severity of hair loss [9]. The
activity of hair loss was evaluated and defined as
follows: (1) progressive alopecia areata with an
increase in total hair loss of more than 5%, (2)
remitting alopecia areata with a decrease in
total hair loss of more than 5%, or (3)
stable with a change in total hair loss of less
than 5% over the month prior to the
examination.

Assessment of Thrombotic Markers

Venous blood samples were collected after an
overnight 12 hour fast. The serum concentra-
tions of SFMC, TATC, and F1 ? 2 were mea-
sured using a commercially available enzyme-
linked immunosorbent assay (ELISA) kit (EIAab,
Wuhan, China) according to the manufacturer’s
instructions.

Statistical Analysis

All statistical analyses were carried out using
STATISTICA 13.1 (StatSoft, Cracow, Poland).
The Shapiro–Wilk test was used to evaluate the
normality of data distribution. Nonnormally
distributed variables were presented as a median
and interquartile range (IQR), while categorical
data as counts and percentages. Nonparametric
continuous variables were compared using the
Mann–Whitney U test, while the chi-squared
test was used to analyze categorical data. The
correlation coefficient Spearman’s rank test was
used to assess possible linear associations
between two continuous variables. The values
of p\0.05 were considered statistically
significant.

Compliance with Ethics Guidelines

The study protocol conformed to the principles
of the World Medical Association’s Declaration
of Helsinki and was approved by the Medical
University of Warsaw Review Board for Ethics in
Human Research (KB/142/2020). Written
informed consent was obtained from all the
participants of the study.

RESULTS

In total, 51 patients with alopecia areata [35
women and 16 men; mean age: 38 (19–54)
years] and 26 controls [18 women and 8 men;
mean age: 37 (29–51) years] were enrolled in the
study. With regards to the study design, the
patient groups did not differ with respect to age,
sex distribution, or BMI. The demographic and
clinical characteristics of both groups are pre-
sented in Table 1.

An increased level of SFMC was detected in
patients with alopecia areata compared with the
controls [25.66 (20–34.86) versus 21.46
(15.38–29.48) lg/ml; p\0.05)] (Table 1 and
Fig. 1). Moreover, a higher level of F1 ? 2 was
observed in patients with alopecia areata in
comparison with the control group [70150
(43720–86070) versus 38620 (31550–58840) pg/
ml; p\ 0.001] (Table 1 and Fig. 2). No
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significant difference was observed in the TATC
level between patients with alopecia areata and
the control group.

No significant correlation was detected
among SFMC or F1 ? 2 and SALT score, disease
duration, or the number of hair loss episodes
(Table 2). However, the F1 ? 2 level positively
correlated with BMI (r = 0.357, p\ 0.05) in
patients with alopecia areata.

DISCUSSION

Alopecia areata has been considered as a disor-
der limited to the hair follicles. However, recent

studies have indicated that the disease is asso-
ciated with the dysregulation of numerous sys-
temic proinflammatory cytokines [2].

It is well known that chronic systemic
inflammation is associated with an increased
risk of developing metabolic syndrome, cardio-
vascular disorders, depression, neurodegenera-
tive and autoimmune diseases [10]. Indeed, a
higher frequency of numerous autoimmune
conditions, such as autoimmune thyroiditis,
vitiligo, and lupus erythematosus has been
reported in patients with alopecia areata com-
pared with controls [11]. Moreover, depression
and anxiety were more commonly diagnosed in
patients with alopecia areata compared with the

Table 1 Markers of venous thromboembolism and characteristics of patients with alopecia areata and healthy controls

Parameter Patients with alopecia
areata (n = 51)

Healthy controls
(n = 26)

Statistical
significance

Thromboembolism markers

Soluble fibrin monomer complex (lg/ml),

median (IQR)

25.66 (20–34.86) 21.46

(15.38–29.48)

\ 0.05

Thrombin–antithrombin complex (pg/ml),

median (IQR)

5690 (4177–9617) 7417.50

(4453–12,530)

0.42

Prothrombin fragment 1 ? 2 (pg/ml), median

(IQR)

70150 (43720–86,070) 38620

(31550–58840)

\ 0.001

Demographic and clinical data

Age (years), median (IQR) 38 (29–54) 37 (29–51) 0.8

Sex (men), n (%) 16 (31%) 8 (31%) 0.95

BMI (kg/m2), median (IQR) 24.38 (21.51–28.09) 22.7 (20.43–26.12) 0.15

Age at the first episode of alopecia (years), mean

(range)

32 (3–71) NA

Number of episodes of hair loss, n (range) 4 (1–30) NA

Duration of the present episode of alopecia

(months), mean (range)

34 (1–300) NA

SALT, mean (range) 42 (1–100) NA

Activity of the disease, n (%)

Active 21 (41%) NA

Stable 22 (43%)

Remitting 8 (16%)
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control group [12]. Finally, alopecia areata is
associated with an increased frequency of
metabolic syndrome, insulin resistance, dia-
betes mellitus and dyslipidemia [13]. Cardio-
vascular disorders, such as coronary artery
disease, and stroke, were also more commonly
reported in patients with alopecia areata in
comparison with the control group [14].

There are numerous risk factors of venous
thromboembolism including age over 40 years,
surgery, trauma, immobilization, cancer, obe-
sity, the use of oral contraceptives or hormone-
replacement therapy, pregnancy and puer-
perium, a history of venous thromboembolism,
and inherited and acquired disorders of hyper-
coagulation [15–17]. Recently, chronic inflam-
mation has also been described as being
associated with an increased risk of venous
thromboembolism. Numerous effects of
inflammation on the hemostatic balance have
been described [18]. An increased level of fib-
rinogen and a decreased concentration of
antithrombin were observed in inflammation.

Moreover, inflammatory mediators, such as IL-
6, were found to increase platelet formation and
reactivity. It was confirmed that endotoxin,
TNF, or CD40 ligand induce the expression of a
tissue factor known as the primary cellular ini-
tiator of blood coagulation, while C-reactive
protein (CRP) promotes both plasminogen
activator inhibitor-1 and tissue factor [18].

Thromboembolic conditions are the leading
cause of mortality, but they may be prevented
[19]. A D-dimer is a protein fragment considered
as a marker of venous thromboembolism.
However, it has a low positive predictive value
and low specificity. More specific markers of
venous thromboembolism risk may be listed,
i.e., SFMC, TATC, F1 ? 2, P- and E-selectin
[20, 21].

To date, data considering venous throm-
boembolism risk in patients with alopecia
areata have been limited. A study performed by
Schneeweiss et al. [22], which included 17,889
patients with alopecia areata and 1,570,387
patients without chronic inflammatory skin

Fig. 1 Soluble fibrin monomer complex in patients with alopecia areata and healthy controls

Dermatol Ther (Heidelb) (2023) 13:1847–1855 1851



disease revealed no significant difference in the
risk of venous thromboembolism between the
groups. A study conducted by Shakoei et al. [23]
showed an elevated level of D-dimers in patients
with alopecia areata compared with the control
group. However, no differences were detected in
the fibrinogen and CRP levels between groups.
Sudnik et al. [24] observed a higher level of
P- and E-selectin in patients with alopecia areata
than in healthy controls. Serum concentrations

of E- and L-selectins correlated with the severity
of the disease, while E-selectin correlated with
the activity of hair loss. Finally, the presented
study revealed a higher level of SFMC and
F1 ? 2 in patients with alopecia areata com-
pared with the controls. Our study revealed no
correlation between venous thromboembolism
markers and the severity of alopecia areata.

The limitation of the present study is a rela-
tively small number of patients included in the

Fig. 2 Prothrombin fragment 1 ? 2 in patients with alopecia areata and healthy controls

Table 2 Spearman’s correlation coefficients between soluble fibrin monomer complex/prothrombin fragment 1 ? 2 and
selected clinical parameters in patients with alopecia areata

Parameter Age
(years)

BMI (kg/
m2)

SALT score
(%)

Disease duration
(months)

Number of hair loss
episodes (n)

Soluble fibrin monomer

complex (pg/ml)

0.045 0.250 0.021 0.124 0.847

Prothrombin fragment 1 ? 2

(pg/ml)

0.186 0.357* 0.004 0.120 -0.057

*p\ 0.05
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analysis. Further studies are needed to assess
thromboembolism markers in patients with
alopecia areata, especially before and during
treatment with JAK inhibitors.

CONCLUSION

Alopecia areata may be associated with an
increased risk of venous thromboembolism.
Regular screening and the preventive manage-
ment of venous thromboembolism may be
beneficial in patients with alopecia areata,
especially before and during JAK or systemic
glucocorticoid therapy. Patients with alopecia
areata should be encouraged to avoid risk fac-
tors of systemic chronic inflammation that may
lead to thromboembolism, such as a diet rich in
fats and sugar, smoking, stress, and sleep
deprivation.
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