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Background: Alopecia areata (AA) is a common autoimmune disorder causing
patchy hair loss. Epidemiological observations and molecular studies collectively
suggest an underrecognized interplay between AA and cardiovascular disease
(CVD). However, the relationship between them remains controversial and
requires further investigation.

Objective: To evaluate the association between AA and CVD through a meta-
analysis of combinable results.

Methods: We systematically searched four databases (MEDLINE, Embase, Web of
Science, and Cochrane Library) for relevant studies from inception to December
6, 2024. Studies included in the analysis were cohort or case-control studies that
focused on the relationship between AA and CVD. Two independent reviewers
extracted the data. The study quality was evaluated using the Newcastle-Ottawa
Scale. A random-effects model was used for meta-analysis to calculate the odds
ratio (OR) and 95% confidence intervals (Cls).

Results: Our search yielded five studies involving 238,270 AA patients from
three countries. The meta-analysis revealed that AA patients had an increased
OR (OR =1.71; 95% CI: 1.0 to 2.92; p < 0.01) for CVD outcomes compared to the
control group. Subgroup analysis revealed a stronger risk in patients with
alopecia totalis or alopecia universalis (OR = 3.80; 95% Cl: 1.65 to 8.73;
p < 0.01). Associations were not observed between patch-type AA and CVD,
nor between AA and ischemic stroke or myocardial infarction.

Conclusions: This meta-analysis suggests that AA patients, especially those with
alopecia totalis or alopecia universalis, may have an elevated risk of developing
CVD. Given the shared immunological mechanisms, systemic inflammation in AA
may contribute to the development of atherosclerosis and increased
cardiovascular risk. Further studies are needed to validate these findings and
clarify the underlying mechanisms.
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Introduction

Alopecia areata (AA) is an autoimmune disorder characterized
by non-scarring alopecia. AA prevalence varies between 0.02% and
0.21% (1), with adults being more commonly affected than children,
and women having a higher incidence than men (2, 3). Several studies
have revealed a modest increase over time in the incidence of AA (4-
7). Alopecia totalis (AT) and alopecia universalis (AU), characterized
by the complete loss of scalp hair and body hair, respectively,
represent the severe subtypes of AA and are associated with more
pronounced clinical features and a poorer prognosis. The course of
AA is often unpredictable and persistent, especially in patients with
extensive hair loss. This can lead to stigma, psychosocial distress,
reduced work productivity, and lower quality of life (8).

Recently, several cohort studies have verified comorbidities in
patients with AA, including skin diseases, inflammatory diseases,
cancer, gastrointestinal diseases, viral infection, ocular and auditory
disorders, thyroid diseases, and mental disorders. A potential
correlation between AA and cardiovascular disease (CVD) has
also been reported. The levels of cardiac troponin I and CRP in
the plasma of patients with AA were found to be higher than those
of individuals with androgenetic alopecia and no hair loss (9, 10). A
proteomic analysis of AA blood profiles revealed a higher
inflammatory microenvironment in the peripheral blood of AA
patients, as well as significant enrichment in atherosclerosis
signaling pathways. Correlation analysis showed that the
cardiovascular/atherosclerosis and immune pathways were
significantly correlated with Severity of Alopecia Tool (SALT) in
patients with AA (r > 0.35; p < 0.05) (11). The serum concentration
of chemokine C-C motif ligand 7, a known biomarker for
atherosclerosis, was found to be positively correlated with the
severity of AA (12).

However, the potential mechanisms underlying the link
between AA and CVD remain unknown. In AA, the collapse of
hair follicle immune privilege is considered a critical initiating
event, particularly in genetically predisposed individuals. This
process is driven by CD8" NKG2D" T cells around hair follicles
alongside a spectrum of inflammatory cells. CD8" NKG2D™ T cells
produce IFN-y via JAK1/2 signaling, which induces IL-15 release
from follicular cells. IL-15 then further enhances IFN-y production
through JAK1/3 on CD8" NKG2D" T cells, forming a positive
feedback loop. The coordinated interaction of immune cells around
hair bulbs highlights the complex immunological landscape of AA,
involving not only perifollicular CD4" T cells (13) but also
regulatory T cells, dendritic cells, dendritic epidermal T cells,
natural killer T cells, tissue-resident memory T cells, mast cells,
and eosinophils. In the cardiovascular system, CD8" T cell
infiltration has long been recognized in both human and murine
atherosclerotic vessels (14). Clinical and experimental evidence
indicates that CD8" T cells contribute to endothelial injury and
atherosclerotic lesion progression through multiple mechanisms,
including the induction of endothelial cell apoptosis, the regulation
of monocyte recruitment via IFN-y-dependent bone marrow
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monopoiesis, and the promotion of necrotic core growth through
the production of perforin, Granzyme B, and TNF-a (14-16). In
patients with acute ischemia, enrichment of both CD4" and CD8" T
cells was found near intact fibrous caps (17), which promotes tissue
damage and remodeling by releasing cytotoxic molecules such as
Granzyme B, perforin, or granulysin (17, 18). The proatherogenic
role of conventional type 1 dendritic cells has also been recently
discovered in atherosclerosis by enhancing CD4" and CD8" T-cell
immunity in low-density lipoprotein receptor-deficient (Ldlr /")
mice fed a high-cholesterol diet (19), serving as a bridge between
innate and adaptive immunity.

Controversial results of population-based cohort studies have
been published regarding the relationship between CVD and AA
patients (19-22). Whether patients with AA are at an elevated risk
of CVD compared to the healthy population remains unclear,
highlighting the need for a thorough synthesis of existing studies.
Therefore, the present study aims to systematically review and
summarize current evidence on the association between AA and
CVD, to clarify their potential link and provide implications for
clinical decision-making and healthcare planning.

Materials and methods

This meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) (23) reporting guideline (Supplementary Table S1). The
protocol for this study was registered with PROSPERO
(CRD42024627718) at https://www.crd.york.ac.uk/PROSPERO.

Data source and search strategy

A time-limited search was conducted from inception to
December 6, 2024, on four databases: MEDLINE, Embase, Web
of Science, and the Cochrane Library. The search strategy in each
database is detailed in Supplementary Table S2. After removing
duplicate documents, two reviewers (J.JW. Lu and X.C. Cao)
independently screened titles and abstracts for eligibility.
Additionally, we manually searched the reference lists of included
studies to identify any further relevant research. Subsequently, the
full texts were read for the final selection. Studies were included if
they described the association between AA and CVD through
randomized controlled trials or observational studies, involved
human participants, and reported measurable CVD outcomes.
Only studies that provided quantifiable data (such as odds ratios,
relative risks, or hazard ratios) for inclusion in the meta-analysis
were considered. Excluded studies included reviews, conference
papers, case reports, animal studies, and those without quantifiable
data on AA and CVD. The final selection of studies was determined
after discussion between the two reviewers, with a third reviewer
involved to resolve any disputes. Five studies were ultimately
included for further analysis.
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FIGURE 1
Literature search and study selection process.

were observed in the group of severe AA in that study; therefore, it was  of these studies revealed a stronger association between AT/AU and
excluded from our subgroup analysis. Two other studies categorized AA  CVD (OR = 3.80; 95% CIL: 1.65 to 8.73; p = 0.0017) compared to the
patients into two groups: those with patch-type AA and those with AT/ healthy population (Figure 3). Association between patch-type AA and
AU, and were thus included in the subgroup analysis. A meta-analysis ~ CVD was not observed (p = 0.6241).

TABLE 2 Characteristics of included studies.

'(APuthl?c":tion Number Numbers = Mean Age Mean Age Classification
Study Study of Con- of Cases of Controls, of Cases, of AA
Year, . . Outcome
Colntry/ Design Period trols (M/ (M/ Years, Years, (Number
. F/Others) = F/Others) Mean (SD) Mean (SD)  of Cases)
Region)
. Hemorrhagic Stroke,
Kang et al. Retrospective 16155 3231 .
i 3 Years NA NA NA Ischemic Stroke,
(2015, Taiwan) Cohort Study (7940/8215) (1588/1643) Unspecified Stroke
Propensity-
Huang et al. Matched 4131 1377 Ischemic Stroke, Acute
(2016, US) Retrospective NA (1625/2506) (517/860) 444(153) 450015.7) NA Myocardial Infarction
Analysis
January AT (12131)
Shin et al. Retrospective 2002 to 4577720 228886 AU (7765) Acute
(2551280/ (127564/ NA NA . .
(2020, Korea) Cohort Study | December 2026440) 101322) Patch-Type Myocardial Infarction
2017 AA (208990)
Heart Failure, Angina
Lee et al. Retrospective 12 Years 18850 3770 NA NA Mild (3664) Pectoris, Acute Myocardial
(2021, Korea) Cohort Study (8310/10540) | (1662/2108) Severe (106) Infarction, Chronic
Myocardial Infarction
Caldas et al. Case- 4024(888/ 1006(229/ AA (930) Ischemic Heart Disease.
(2024, US) CS‘);:;’] NA 3028/108) 751/26) 5584(1523) 5594(15.67) AT or AU (76) | Cerebral Vascular Disease

SD, standard deviation; AA alopecia areata; AT, alopecia totalis; AU, alopecia universalis; NA, not applicable.
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Study

Kang, J. H. 2015
Huang, K. P. 2016
Shin, J. W. 2020
Lee, H. 2021
Caldas, S. 2024

Random effects model

10.3389/fimmu.2025.1643709

Odds Ratio OR 95%—-Cl Weight
—B— 161 [1.13;2.30] 19.5%
: 091 [0.59;1.40] 18.7%

—F 451 [3.65,558] 20.6%

117  [0.93;1.48]  20.4%

177 [1.49;2.11]  20.8%

171  [1.00;2.92] 100.0%

Heterogeneity: /% = 96%, ¢ = 0.3528, p <0.01 !
0.5

FIGURE 2

Primary analysis: Composite of alopecia areata and cardiovascular disease. OR indicates odds ratio.

Subtypes of CVD

The five articles employed different classification methods for
CVD, including distinctions between hemorrhagic and ischemic,
acute and chronic, and cerebral and cardiac types. This
inconsistency in CVD classification may have influenced the
results. Subgroup analysis of ischemic stroke and myocardial
infarction found no significant associations between AA and
those conditions, as shown in Figure 4.

Discussion

AA is a chronic autoimmune disease that destroys the hair
follicles, leading to patchy hair loss on the scalp and other hair-
bearing areas. The course of AA is often unpredictable, and patients
experience great stress, anxiety, and impaired health-related quality
of life throughout the disease course (27). Recently, retrospective
cohort studies on the association between AA and CVD have been
published, but their conclusions are controversial. To the best of our
knowledge, this is the first meta-analysis to systematically examine
this relationship.

There have been a few reports on the potential link in clinical and
animal studies. The plasma level of cardiac troponin I, a biomarker of
myocardial ischemia and inflammation, was higher in subjects with
AA than in those without hair loss, with the highest levels found in

untreated subjects (9). In addition, the serum level of N-terminal pro-
B-type natriuretic peptide, used in the diagnosis of congestive heart
failure, was found to be higher in AA patients than in healthy
populations (10). In a cross-sectional study, four cardiovascular-
risk proteins (OLR1/OSM/MPO/PRTN3) and five cardiovascular/
atherosclerosis-related proteins (SELP/PGLYRP1/MPO/IL-18/OSM)
were significantly differentially expressed between AA and control
individuals (11). AA severity was associated with a higher risk of
arterial stiffness (28). In a C3H/HeJ mouse model of AA, atrial and
ventricular hypertrophy, as well as collagen deposition, were observed
in comparison to the control group (29).

Our findings indicated that patients with AA are at an elevated
risk of developing CVD compared to individuals without AA. AT
and AU are severe subtypes of AA and are typically more refractory
to treatment and remission (30). Subgroup analysis revealed a
stronger association between AT/AU and CVD. This finding is
consistent with the results of a cross-sectional study, which showed
that patients with AT/AU exhibited a higher inflammatory state,
increased cardiovascular risk, and atherosclerosis-linked
biomarkers in their blood compared to control individuals and
patients with two other immune-mediated skin diseases (11). Given
the higher immune alterations in AA scalp (31) and the correlation
between its clinical severity and biomarkers of immune and
cardiovascular dysregulation (32), early systemic treatments are
highly recommended in patients with significant AA involvement.

Odds Ratio OR 95%-Cl  Weight
AT/AU —— > 380 [165 873] 747%
patch-type AA . > 251 [0.60;10.49]  25.3%
| I |
0.5 1 2 5

FIGURE 3

Subgroup analysis: Risk of cardiovascular disease in AT/AU and patch-type AA patients. AT, alopecia totalis; AU, alopecia universalis; AA, alopecia areata.
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ischemic stroke < - 1.13  [0.45; 2.84] 17.6%
myocardial infarction _.__ 0.84 [0.55; 1.29] 82.4%
| I L
0.5 1 2 5
FIGURE 4

Subgroup analysis: Risk of ischemic stroke and myocardial infarction in alopecia areata patients

AA and CVD potentially share some common immunological
mechanisms, where immune dysregulation in follicular hair
epithelium beyond the scalp may contribute to the circulatory
abnormalities. In both conditions, CD8" T cells are crucial, with
their activation driving inflammation. In AA, CD8" NKG2D" T cells
mediate the disruption of hair follicle immune privilege, leading to
subsequent immune cell recruitment, while in CVD, CD8" T cell
infiltration contributes to endothelial injury and atherosclerosis
progression. Both conditions also involve the release of pro-
inflammatory cytokines like IFN-y and TNF-0, and the activation
of various innate and adaptive immune cells, such as CD4" T cells, T
helper (Th) 1, Th2, Th17 cells, and dendritic cells, which initiate and
amplify the inflammatory response and tissue damage (33-37).
Recently, a higher value of pan CD4™T cells was found to be
associated with lower endothelial function in participants of the
Multi-Ethnic Study of Atherosclerosis (34). Thl cells play a pro-
atherosclerotic role through the secretion of pro-inflammatory
cytokines, including IFN-y, TNF-o, IL-2, IL-3, and lymphotoxin,
which sustain chronic inflammation, accelerate foam cell formation,
and impair endothelial integrity (38). In a murine model of
atherosclerosis, neutrophil extracellular traps activated macrophages,
which in turn produced cytokines that activated Th17 cells. These cells
add to immune cell recruitment in atherosclerotic plaques (39). Cells
positive for IL-17 were detected in the aortic sinus of Ldlr™'™ mice (40)
and the aortas of apolipoprotein E-deficient (Apoe™™) mice (41).
Furthermore, elevated populations of Th17 and Y3IL-17" T cells were
observed in the aortic wall, aortic adventitia, and secondary lymphoid
organs of aged Apoe™~ and C57/BL6 mice (42).

However, no study has directly identified that immune
dysregulation in AA patients plays a pathogenic role in CVD.
Furthermore, research indicates that the pathogenesis of different
CVD subtypes varies, and AA patients may exhibit varying risks for
different types of CVD. In our study, we extracted subcategories
across the studies and performed meta-analyses for ischemic stroke
and myocardial infarction in AA patients. No significant association
was identified between AA and ischemic stroke or myocardial
infarction. Similar findings were reported in a meta-analysis that
included only one relevant study (43). Considering the limited
number of published studies on this topic, this conclusion still
requires further research in the future.

In the included studies, only Jung-Won Shin et al. conducted a
subgroup analysis based on age, gender and smoking status. The
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results showed that men with AA had an earlier and significantly
higher incidence of acute myocardial infarction compared to
women, with a similar pattern in individuals under 50 years of
age. Although the prevalence of AA is higher in women, male AA
patients may have a higher risk of CVD. Furthermore, smoking
enhanced the association between AA and myocardial infarction,
with smokers experiencing a higher risk of myocardial infarction at
an earlier time point than non-smokers. It has been reported that
smoking can exacerbate inflammation by affecting immune effector
cells, such as macrophages, neutrophils, and T lymphocytes, which
may be one of the potential reasons for the higher CVD risk in
smoking AA patients (44). Heera Lee’s study conducted a subgroup
analysis based on disease duration, which showed that the hazard
ratios for CVD in both mild and episodic AA patients were higher
than those in matched controls (mild AA, p = 0.110; episodic AA,
p = 0.113). In contrast, the hazard ratio for CVD events in long-
standing AA patients was lower than in controls (p = 0.738). These
findings warrant further investigation.

Limitations

Our study has certain limitations. Firstly, the included studies
were limited to those from the USA, Taiwan, and Korea, with no
data from research conducted in African and European countries.
This lack of global representation may limit the generalizability of
the findings to other populations. Secondly, the quality of the
included studies varied, and several had relatively small sample
sizes, which may affect the robustness and reliability of the pooled
estimates. Thirdly, the diagnosis of patch-type AA, AT, and AU
relied on the clinical judgment of dermatologists, which is
inherently subjective and may affect the consistency of the results.
Additionally, the subtypes of CVD included in the studies were not
fully consistent, and different subtypes may have distinct clinical
characteristics and risks. Finally, due to the limited published data, a
more comprehensive analysis of potential differences related to age,
gender, and other relevant factors could not be performed.
Considering these factors contributing to heterogeneity, there is
an urgent need for large-scale, high-quality, prospective cohort
studies with standardized diagnostic criteria and sufficient
adjustment for confounding variables to validate the observed
associations and clarify causality.
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Conclusions

In summary, individuals with AA face an increased risk of
developing CVD, with a more pronounced association observed in
cases of AT or AU. Healthcare providers should be aware of this
potential risk and take proactive measures to mitigate
comorbidities. A cardiovascular risk assessment is highly
recommended in patients with severe clinical presentations of
AA. Further studies are needed with larger sample sizes and more
diverse populations. These studies should include standardized
subtype classifications for AA and CVD, as well as perform
subgroup analyses on relevant covariates, such as age, gender,
smoking status, and comorbidities, to reduce heterogeneity and
improve the precision of findings.
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