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Abstract
Inflammatory dermatologic diseases have long been viewed as a “skin limited” disease process. Current literature 
on inflammatory dermatologic diseases investigates their relationship and influence on thromboembolic states and 
thromboembolic complications and the understanding of their pathophysiology and molecular mechanisms.

Studies specifically discuss known inflammatory skin diseases including alopecia areata, vitiligo, psoriasis, 
hidradenitis suppurativa, atopic dermatitis, chronic spontaneous urticaria, and autoimmune bullous diseases, 
and their effects on systemic inflammation, associated cardiovascular comorbidities, and thromboembolic 
or hypercoagulable states. The limited current literature shows potential for links between inflammatory skin 
diseases and hypercoagulable states. Biomarkers such as F1 + 2, D-dimer, eosinophilic cationic protein, and PAI-1 
are currently being studied to outline the mechanisms connecting inflammatory skin disease to the coagulation 
system. Further study and larger amounts of data are needed to draw definitive conclusions, especially when 
interpreting biomarkers alone such as PAI-1.

The mechanisms, rates of systemic inflammation, and clinical outcomes of traditionally “skin limited” 
inflammatory diseases remain chronically understudied in dermatology. Many organ systems have well established 
connections between inflammatory disease and hypercoagulable states, but there are significant gaps in the 
literature regarding skin diseases. There is a significant need for comprehensive investigation of molecular 
mechanisms behind inflammatory dermatologic disease and hypercoagulability, how hypercoagulability effects 
clinical outcomes, and proper intervention to optimize patient outcomes.
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Background
The immune system, inflammatory processes, coagu-
lation and fibrinolysis systems of the human body are 
intricately linked [1–7]. Thus, aberrancies in one of 
these systems can have significant downstream effects 
on the others, generating a complex feedback loop to 
cause a pathologic state. For instance, autoimmune dis-
ease affecting the skin can involve dysregulation of pro-
inflammatory cytokines which, in turn, lead to expression 
of initiators of coagulation [8]. Moreover, coagulation 
activation with generation of thrombin is closely linked 
to post-translational activation cleavages of inflammatory 
cytokines like IL-1α [9] and interleukin-8 [10], resulting 
in a pro-inflammatory environment. In addition, fibri-
nopeptide B from cleavage of fibrinogen by thrombin 
is known to be chemotactic for both neutrophils and 
monocytes to attract inflammatory responses to areas 
of coagulation activation [11]. Similarly, activation of the 
fibrinolysis system generates the terminal protease plas-
min [12], which has been shown to cleave a pro-form 
of interleukin-8 secreted by human dermal fibroblasts 
to generate an active form an interleukin-8 [13] that is 
potent for neutrophil signaling and activation.

Systemic inflammation has been associated with 
increased risk of thromboembolic events. Even tra-
ditionally “skin-limited” inflammatory diseases have 
increasingly been reported to be associated with hyper-
coagulability. This area remains largely under-explored 

in dermatology. This review aims to summarize current 
knowledge of common dermatologic diseases and asso-
ciation with cardiovascular comorbidities and throm-
boembolic states, what is known about the underlying 
pathophysiologic and molecular mechanisms, and the 
knowledge gaps in need of future investigation.

Alopecia areata
Alopecia Areata (AA) is an autoimmune disease that 
leads to non-scarring hair loss via infiltrate of lym-
phocyte cell-mediated inflammation of the hair bulb 
(Fig.  1A) [14]. Proinflammatory cytokines play an 
important role in the development of metabolic and 
cardiovascular complications [15]. AA has largely been 
considered a local disease limited to the hair follicles, 
however emerging evidence has supported involvement 
of systemic inflammation and an association with car-
diovascular disease. In a study assessing the association 
of immune and cardiovascular biomarkers in patients 
with moderate to severe AA, patients with AA demon-
strated elevation in general systemic immune markers 
(MMP12, Th1, Th2, and Th17 related) as well as athero-
sclerosis-associated (MMP9/CCL2) and atherosclerosis-
related (IL1RN/CD40/CXCL9) biomarkers compared 
to controls, further pointing to an increased associa-
tion between systemic involvement and risk for cardio-
vascular disease [16]. Interestingly, both MMP-12 (aka 
macrophage metalloelastase) and MMP-9 are known to 

Fig. 1  Skin Manifestations of Inflammatory Dermatologic Disease. (A) Alopecia, (B) Vitiligo, (C) Atopic Dermatitis, (D) Psoriasis, (E) Hidradenitis Suppuritiva, 
(F) Chronic Spontaneous Urticaria, (G) Bullous Pemphigoid, (H) Pemphigus Vulgaris, (I) Dermatitis Herpetiformis
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cleave plasminogen to angiostatin [17, 18], where angio-
statin is an antifibrinolytic protein that inhibits fibrino-
lysis by competing for lysine binding sites on the surface 
of fibrin and thus may generate an antifibrinolytic/pro-
thrombotic state [5]. Further studies have demonstrated 
a significant increased level of plasma cardiac troponin in 
patients with AA in the absence of clinical heart disease, 
which may suggest higher levels of cardiac remodeling 
and future risk for cardiovascular disease [19, 20]. Other 
plasma serum markers have been explored, with higher 
levels of D-dimer reported in AA patients compared to 
controls (398.45 ± 300 vs. 244.4 ± 129.92pg/ml, p < 0.001), 
although plasma fibrinogen and C-reactive protein (CRP) 
did not differ between groups and is consistent with pre-
vious studies [19, 21]. 

Due to the low specificity and positive predictive value 
of D-dimer, other markers of venous thromboembolism 
in patients with AA have also been studied. Increases in 
soluble fibrin monomer complex (SFMC) and F1 + 2 were 
reported in a small case control study of 51 patients with 
AA, which may be associated with increased risk of VTE 
[22]. In addition, patients with AA have been reported 
to have a higher prevalence of endothelial dysfunction 
compared to healthy controls (42% vs. 12%; p = 0.03) [23]. 
This is critical, as the endothelium plays a major role in 
regulation of coagulation through its endothelial protein 
C receptor [24], thrombomodulin [25], heparan-rich sur-
face glycocalyx [26], and also in fibrinolysis through its 
pre-stored tPA within Waibel-Palade bodies that gets 
released in response to ischemia [27, 28] and PAI-1 gen-
eration in response to inflammation [29]. Further stud-
ies have demonstrated a dose-response relationship with 
vascular stiffness and AA severity (beta = 0.033; 95% CI 
0.009–0.057, p = 0.04), which is consistent with altera-
tions in vascular integrity potentially increasing the risk 
for thrombosis based on the mechanisms described 
above [30]. 

Multiple cohort and population-based studies have 
demonstrated association of AA with metabolic syn-
drome and cardiovascular disease [22, 30–34]. In one 
of the only studies to explore the genomic relationship 
between AA and myocardial infarction (MI), O’Hagan 
et al. identified an association between the lysophospho-
lipase activity pathway (gene ratio = 0.05, p = 0.006) and 
MHC protein binding (gene ratio = 0.04, p = 0.008), which 
has been linked to systemic inflammation and may fur-
ther lead to increased risk of MI [34]. However, in Korea, 
a 1:5 case control study of 3,770 patients reported no sig-
nificant differences in incidence of cardiac disease (heart 
failure, angina pectoris, acute MI, and chronic MI) in 
patients with AA compared to controls and concluded 
that AA was not related to an increased risk of MI [35]. 
This was further confirmed in a larger population-based 
study of 228,886 patients with AA that were matched 

with healthy controls and for 12 years, and further found 
no difference in MI incidence rates at the beginning of 
the study (HR 0.35; 95% CI 0.27–0.46) [32]. After 8–10 
years, however, patients with AA showed an exponential 
increase of MI rate and experienced an increased risk of 
MI compared to the controls (HR 4.5; 95% CI 3.65–5.58) 
[32]. In a similar study assessing VTE in 30,418 patients 
with AA, no significant increase was observed over a 
13-year follow-up period (HR 0.97; 95% CI 0.65–1.46) 
[36]. Furthermore, Huang et al. reported a protective 
effect for developing stroke (OR 0.39; 95% CI 0.18–0.97) 
in patients with AA, however, did not take time into con-
sideration and only compared controls to data that was 
within 3 years of AA patient’s diagnosis [37]. 

While some results are conflicting, studies have 
reported an association between AA and markers for car-
diovascular risk, particularly increased risk of myocardial 
dysfunction and infarction dependent on time, and fur-
ther signify the importance of monitoring cardiovascular 
health in this population.

Vitiligo
Several pathogeneses of vitiligo have been proposed 
including genetic, autoimmune, and oxidative induced 
melanocyte destruction (Fig. 1B) [38]. Segmental vitiligo, 
the most common form, has previously been associated 
with increased risk of systemic disease, specifically met-
abolic syndrome [39, 40]. Although patients with meta-
bolic syndrome have an increased risk of cerebral and 
cardiovascular events, there has not been a clear associa-
tion between hypercoagulability and vitiligo. In a small 
case-control study, patients with vitiligo presented with 
a higher mean carotid intima media thickness (p < 0.001; 
OR 4.8, CI 1.8–12.8) and were more likely to have an 
atherosclerotic plaque (p = 0.006; OR 4.2, CI 1.4–12.7), 
which may indicate an increased cardiovascular risk 
[41]. Furthermore, the authors observed higher levels of 
serum markers for oxidative stress and a positive correla-
tion between carotid intima media thickness and malo-
ndialdehyde, which may contribute to the development 
of atherosclerosis and increased cardiovascular risk.

In contrast, multiple studies have reported no associa-
tion between cardiovascular risk and vitiligo, with some 
suggesting patients with vitiligo have a decreased risk [36, 
42, 43]. In a study assessing metabolic syndrome, patients 
with vitiligo had significantly lower abdominal circum-
ference and triglycerides (p < 0.001), while no other 
differences were observed compared to controls [42]. 
Furthermore, a large population-based study of 20,851 
patients revealed those with vitiligo had decreased risk of 
peripheral vascular disease (HR, 0.98; 95% CI, 0.86–1.10) 
and pulmonary embolism (HR, 0.55; 95% CI, 0.36–0.86) 
in addition to similar risk of MI and cerebrovascular acci-
dent compared to the controls [43]. These findings were 
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similar to Schneeweiss et al., where no increased risk of 
VTE was reported in vitiligo patients compared to con-
trols (HR, 0.90; 95% CI, 0.49–1.65 vs. HR, 0.94; 95% CI, 
0.84–1.05) [36]. 

Ultimately, given the conflicting results of the limited 
available studies evaluating vitiligo, cardiovascular risk 
and changes in coagulation/thrombosis, further stud-
ies are needed to understand whether vitiligo leads to a 
hypercoagulable state.

Atopic dermatitis
The etiology behind atopic dermatitis (AD) is consid-
ered multifactorial and thought to include a combination 
of genetic predisposition, immune dysregulation, and 
environmental factors leading to epidermal barrier dys-
function (Fig. 1C) [44]. Mild AD is described as ICD-10 
code (L209) for AD and the prescription of topical cor-
ticosteroids or calcineurin inhibitors or ICD-10 code 
L209 with more than 3 claims during the same year and 
moderate to severe AD is defined as ICD-10 code L209 
and the prescription of systemic oral medications for AD 
or phototherapies with more than 12 claims during the 
same year [45]. While primarily a dermatologic concern, 
a potential association between AD and hypercoagulable 
states has garnered increasing attention in recent years 
[46–52]. In a cohort study by Merola et al. examining 
thrombotic events in 2,061,222 patients with immune-
mediated inflammatory diseases, adults with AD were 
found to exhibit a slightly increased risk of VTE com-
pared to non-AD matched individuals (aHR 1.09; 95% CI 
1.06–1.12) [46]. After excluding patients with underlying 
VTE risk factors in their study, AD was no longer signifi-
cantly associated with increased VTE risk. This potential 
VTE risk extended to several other thrombosis-related 
complications in a study by Chen et al., where a cohort 
of 1,066 AD adults demonstrated significantly increased 
risk of DVT alone (HR 1.26; 95% CI 1.14–1.40) and PE 
alone (HR 1.30; 95% CI 1.08–1.57) in addition to overall 
VTE (1.28; 95% CI 1.17–1.40) [47]. Similarly, a cohort 
study by Warren et al.so reported an increased risk of 
overall VTE (aHR 1.17; 95% CI 1.12–1.22) and DVT 
alone (aHR 1.30; 95% CI 1.23–1.37) in AD patients; how-
ever, there was no significant increased risk for PE in AD 
patients (aHR 0.94; 95% CI 0.87–1.02) [48]. 

Investigations into MI and stroke risk in AD patients 
have revealed conflicting evidence, particularly for those 
diagnosed with moderate-to-severe AD. A retrospective 
cohort study by Woo et al. revealed that patients with AD 
ranging from mild-to-severe demonstrated a significantly 
increased risk of MI compared to non-AD controls (aHR 
1.111; 95% CI 1.050–1.176) [45]. However, after adjusting 
for potential confounders, only those with moderate-to-
severe AD continued to exhibit a significantly increased 
risk of MI (aHR 1.163; 95% CI 1.080–1.251) [45]. In 

another study by Silverberg et al., AD individuals were at 
significantly higher odds of having an MI (aOR 2.59; 95% 
CI 1.35–4.96) as well as stroke (aOR 1.61; 95% CI 1.27–
2.05) [53]. In contrast, several studies have noted no sig-
nificant increase in risk for MI and stroke in AD patients 
[49, 50]. A cross-sectional analysis of 259,119 partici-
pants by Drucker et al. not only found no increased risk 
of MI or stroke in AD patients, but additionally found a 
paradoxical reduction in odds of both MI (aOR 0.87; 95% 
CI 0.75-1.00) and stroke (aOR 0.79; 95% CI 0.66–0.95) in 
AD patients [49]. 

Despite these conflicting findings, several studies have 
examined coagulation properties within individuals with 
AD and note key differences that may potentially be con-
tributing to a hypercoagulable state [51, 52]. In a study by 
Nastalek et al. examining properties of fibrin clots in AD 
individuals, patients with AD exhibited hypercoagulable 
alterations in fibrin clot characteristics when compared 
to matched controls [51]. These included a lower clot 
permeability, increased fiber thickness, accelerated clot 
formation, and higher maximum D-dimer levels released 
from clots, underscoring an increased clot mass. Another 
study by Tamagawa-Mineoka et al. revealed significantly 
elevated levels of β-Thromboglobulin and Platelet Factor 
4 in patients with AD, which are both platelet chemo-
kines released following platelet activation [52]. 

Overall, studies have found a no clear difference in risk 
for VTE and PE with conflicting evidence on MI, which 
highlights the need for further research investigating the 
complex interplay between AD, thrombotic events, and 
molecular mechanisms of hypercoagulability in AD.

Psoriasis
Psoriasis is a T-cell mediated inflammatory skin dis-
ease, which most frequently presents as well-demarcated 
salmon-colored plaques with overlying silvery scales 
(Fig.  1D) [54]. The acknowledgment of psoriasis as a 
systemic inflammatory disorder has drawn significant 
attention to cardiovascular health, and there are several 
plausible pathogenic mechanisms that may predispose 
patients with psoriasis to hypercoagulable states and 
subsequent thromboembolic events. Monocytes, for 
example, are known to play a significant role in the pro-
thrombotic state of other non-dermatologic autoimmune 
inflammatory diseases [55], and in an in vivo murine 
model of psoriasis it was found that mice with psoria-
sis developed spontaneous aortic inflammatory changes 
that were monocyte-dependent and were hypercoagu-
lable with rapid carotid artery thrombotic occlusion in 
response to a photochemical arterial injury relative to 
controls [56]. Further, in both human patients [57] and 
animal models [56] of psoriasis it is known that multiple 
cytokines are elevated, including MCP-1, which induces 
pro-coagulant tissue factor expression in aortic smooth 
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muscle cells [58] and circulating blood monocytes [59]. 
In addition, monocytes have been recognized as being 
highly adherent to human dermal microvascular endo-
thelium in an in vitro model of chronic psoriatic skin 
inflammation [60], and blood monocytes have also been 
found to be present histologically in the papillary der-
mal perivasculature in psoriasis patient biopsies [60]. In 
addition to leukocyte involvement in the potential pro-
thrombotic mechanisms in psoriasis, platelets may also 
play a role, where a randomized controlled trial estab-
lished increased platelet activation in psoriasis patients 
compared to controls that induced endothelial cell proin-
flammatory responses and upregulation of COX-1, which 
was significantly improved by treatment with low-dose 
aspirin [61]. Other studies have found a similar role for 
platelet activation in psoriasis, measured as plasma levels 
of b-thromboglobulin and platelet factor 4 via enzyme-
linked immunoassay over 25 and 9 ng/mL respectively, 
where platelet activation was implicated in disease sever-
ity suggestive of a thromboinflammatory state as they 
normalize with symptoms following treatment [52]. 

Beyond the myriad of potential molecular mechanisms 
of hypercoagulability in psoriasis, several clinical studies 
have found increased risks of thromboembolic events in 
this patient population. Xu et al. reported a 20% increase 
in the association of psoriasis with MI (RR 1.22; 95% CI 
1.05–1.42) and stroke (RR 1.21; 95% CI 1.04–1.4) [62]. A 
meta-analysis evaluating the association between pso-
riasis and risk of venous thromboembolism (VTE), deep 
venous thrombosis (DVT) and pulmonary embolism 
(PE) demonstrated an overall 1.46-fold increased risk 
compared to controls from 4 articles included (pHR 1.46; 
95% CI 1.29–1.66) [63]. A larger, more recent meta-anal-
ysis published in 2022 that included 13 articles assess-
ing the association of psoriasis with VTE and peripheral 
vascular disease demonstrated a significant increased 
risk for VTE (pooled HR, 1.26; 95% CI, 1.08–1.48) and 
peripheral vascular disease (pooled HR, 1.27; 95% CI, 
1.16–1.40) among patients with psoriasis when com-
pared to controls [64]. In an epidemiological study from 
Harvard using a United States database, patients with 
psoriasis were found to have an increased risk of develop-
ing ischemic heart disease (HR 1.90; 95% CI 1.18–3.05) 
and MI (HR 2.24; 95% CI 1.27–3.95) when adjusting for 
cardiovascular (CV) risk factors [65]. In addition, after 
adjusting for known CV risk factors in a large nationwide 
population-based study in Taiwan, patients with psoriasis 
had a 2 time greater risk for MI when compared to con-
trols (HR 2.10; 95% CI 1.27–3.43) [66]. However, there 
is at least one large study with conflicting data, where 
a study of 48,523 patients with psoriasis in the United 
Kingdom showed that patients with psoriasis had more 
cardiovascular disease (CVD) risk factors and an elevated 
risk of major CV events, including MI, acute coronary 

syndrome, unstable angina, and stroke (HR 1.10; 95% 
CI 1.04–1.17) [67], but after controlling for CV risk fac-
tors on multivariate analysis, psoriasis was not an inde-
pendent risk factor for major CV events [67]. This study 
differs in that it considers inflammatory arthritis an addi-
tional controlled risk factor as they reported that the risk 
of a major CV event was found to be 36% higher in those 
with psoriasis and an inflammatory arthritis compared to 
those who did not [67]. 

Examining the impact of treatment of psoriasis on 
CVD may also be illustrative. A meta-analysis of five 
clinical trials demonstrated that those receiving tumor 
necrosis factor (TNF)-inhibitor therapy had a significant 
decrease in risk of CV adverse events ((RR, 0.58; 95% CI 
0.43–0.77; P < 0.001), a decrease in MI compared to those 
receiving methotrexate (MTX) (RR 0.65; 95% CI 0.48–
0.89; p = 0.007) or topical or photo treatment (RR 0.73; 
95% CI 0.59–0.90; P < 0.001), as well as a trend in reduced 
mortality rate compared to other therapies (RR, 0.90; 
95% CI 0.54–1.50; P = 0.68) [68]. In another large obser-
vational study comparing MTX to TNF-inhibitor therapy 
in psoriasis patients, there was a significant decreased 
risk of cardiovascular events in the TNF-inhibitor 
group (HR 0.55; 95% CI 0.45–0.67) [69]. In a retrospec-
tive cohort study, risk of MI was decreased by 50% (HR 
0.50; 95% CI 0.32–0.79) with approximately four years of 
a TNF-inhibitor, and reduced by 46% (HR 0.54; 95% CI 
0.38–0.77) compared with other oral, topical, or photo-
therapy [70]. These protective effects were even more 
pronounced in patients older than 60 [70]. It is also note-
worthy that treatment of psoriasis with biologic agents 
is known to significantly reduce MCP-1 levels, where (as 
above) MCP-1 is a known pro-coagulant cytokine that is 
elevated in patients with psoriasis [57].

While some conflicting reports of the association 
between psoriasis and CVD/thromboembolic disease 
exist, the studies described above support further investi-
gation into a potential increased risk among patients with 
psoriasis. As a result, the American Academy of Derma-
tology and the National Psoriasis Foundation released 
evidence-based guidelines pertaining to the manage-
ment and treatment of psoriasis with special attention to 
comorbidities and outline the role of a dermatologist in 
educating and screening patients with psoriasis for car-
diovascular-associated disease, but did not specifically 
prioritize one treatment such as TNF-inhibitory therapy 
above other therapies [71]. Further studies are needed 
to establish the exact mechanisms of hypercoagulability 
in psoriasis and to establish the impact of various treat-
ments on risk reduction.

Hidradenitis suppurativa
Hidradenitis suppurativa (HS) is a non-infectious auto-
inflammatory process causing recurrent painful nodules 
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and scarring sinus tracts (Fig.  1E). While the etiology 
of HS is unclear, its pathogenesis is generally thought 
to involve a sequence of follicular hyperkeratosis fol-
lowed by involuting pilosebaceous units, with subsequent 
inflammation resulting in expansion and tunnel forma-
tion [72]. HS is known to be highly comorbid with condi-
tions such as metabolic syndrome, smoking, and diabetes 
mellitus type II, leading to poor cardiovascular health 
[72]. Meta-analyses of cardiovascular outcomes in HS 
reveal significantly increased risks of coronary artery dis-
ease (RR 1.38, 95% CI, 1.21–1.58;) and stroke (OR 1.74, 
95% CI 1.45–2.09; p < 0.00001); while a population-based 
cohort study found increased risk of MI (aHR 1.33; 95% 
CI 1.04–1.68; P = 0.021) in HS [73–75]. 

The burden of systemic inflammation coupled with 
the above identified comorbidities in HS likely produce 
a synergistic effect, and would plausibly create a hyper-
coagulable state, but the literature is quite limited in 
this regard with significant knowledge gaps. Biomark-
ers indicative of systemic inflammation such as ESR [76] 
and CRP [77] are elevated in patients with HS, and we 
know from the JUPITER trial of 17,802 relatively healthy 
patients found to have incidental mild elevations in their 
CRP that they have an increased mortality from throm-
boembolic-related events that can be mitigated with 
statin therapy [78]. In a homogenous European study of 
462 HS patients, there were no significant differences in 
levels of platelets, mean platelet volume, INR, or aPTT 
found [79], however these are not functional coagulation 
studies like more modern viscoelastic assays and are well-
known to be insensitive in detecting hypercoagulable 
states.

While the literature suggests an increased risk of MI, 
the literature currently does not support the association 
of HS with increased venous thromboembolic events 
compared to healthy control populations [36]. 

Chronic spontaneous urticaria
Chronic spontaneous urticaria (CSU), a condition char-
acterized by recurrent episodes of pruritic, swollen welts 
or hives persisting for more than six weeks, presents a 
multifaceted challenge in clinical management (Fig.  1F) 
[80]. Beyond its evident impact on skin health in patients, 
emerging research suggests a potential association 
between chronic urticaria and a hypercoagulable state. 
Patients with CSU have been found to have significant 
elevations in both D-dimer and activated Factor VII that 
fall dramatically after disease remission is achieved [81]. 
CSU patients have also been found to have an increased 
maximum thrombin activity, total thrombin generation, 
and velocity of the propagation phase of thrombin gen-
eration when compared to matched controls [82], and in 
a study by Takeda et al. demonstrated an increased coag-
ulation potential using aPTT clot waveform analysis as 

well as having significantly increased levels of fibrinogen, 
D-dimer, fibrin and fibrinogen degradation products, 
and positive rates of soluble fibrin monomer complexes 
[83]. In addition, Asero and colleagues reported increases 
in both F1 + 2 and D-dimer levels in the plasma of CSU 
patients compared to controls [84]. Taken together, these 
findings are highly suggestive of CSU being a hypercoag-
ulable state. However, despite these reports of increased 
molecular and functional signals of hypercoagulability, a 
study by Egeberg et al. reported no increased risk of CV 
events in CSU patients [85]. In their study of 1,215 CSU 
patients and 66,203 matched controls, they observed 
no significantly increased risk of MI (aHR 1.18; 95% CI 
0.79–1.76), ischemic stroke (aHR 1.03; 95% CI 0.70–
1.52), CV death (aHR 0.67; 95% CI 0.39–1.17), or major 
adverse CV events (MACE; a composite of MI, ischemic 
stroke, and CV death), (aHR 1.09; 95% CI 0.83–1.42). 
However, as is true for the other diseases discussed pre-
viously, CV events are not always related to hypercoagu-
lability and caution should be taken in interpreting this 
isolated report as evidence against a prothrombotic state 
in CSU. Further research is required to better understand 
the relationship between CSU and coagulation.

Autoimmune bullous disease
Bullous pemphigoid
Autoimmune bullous disease (AIBD) is primarily driven 
by the activation of the adaptive immune system and is 
associated with perturbations in the coagulation and 
fibrinolytic systems (Fig.  1G) [8]. Bullous pemphigoid 
(BP), the most common subepidermal autoimmune bul-
lous disease, has previously been associated with hyper-
coagulable states [86]. BP is caused by abnormal humoral 
and cellular immune response to the hemidesmosomal 
proteins, BP 180 and BP230 [87]. BP can be associated 
with significant morbidity [87]. The pathophysiology of 
BP is thought to involve imbalances between autoreactive 
T helper (Th) cells and T regulatory (Treg) cells in addi-
tion to activation of the toll-like-receptor (TLR) system 
independent of T-cells leading to autoantibody produc-
tion via B cell stimulation [88–90]. Separate from these 
pathophysiologic mechanisms, a Th2 mediated cellular 
response due to inflammation caused by humoral hyper-
activation leads to neutrophils and eosinophils releasing 
inflammatory cytokines [91]. 

There have been numerous studies showing evidence 
of a pathophysiologic link between BP and the coagu-
lation system. Prothrombin fragment 1 + 2 (F1 + 2), an 
activation peptide involved in the process of converting 
prothrombin to thrombin, and D-dimer, a fibrin degrada-
tion product, have consistently been found to be elevated 
in patients with BP when compared to healthy controls 
[86, 92–95]. Of note, both F1 + 2 and D-dimer have been 
found to suggest a high risk of thrombosis, with one 
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study finding both can independently predict occurrence 
of VTE in certain populations [96]. Levels of these mark-
ers, when compared to healthy controls, have not only 
been found to be elevated in skin biopsy specimens, but 
also in plasma and blister fluid samples of BP patients [86, 
92–94]. One study by Wang et al. compared plasma lev-
els of F1 + 2 and D-Dimer in BP patients to Herpes Zoster 
patients, finding BP patients had relatively higher levels 
of these thrombotic markers [95]. Additionally, this study 
found positive correlations between these two products 
and anti-BP180 IgG and eosinophil counts, markers of 
disease severity in BP [86, 95]. Remission of disease in BP 
patients also has been found to mirror decreases in F1 + 2 
and D-Dimer [92, 95]. 

Eosinophils, which play an important role in the patho-
physiology of BP, may also contribute to a hypercoagu-
lable state. Eosinophilic cationic protein levels have been 
found to be markedly elevated in BP blister fluid and to 
correlate with levels of F1 + 2 and D-Dimer [97]. Tissue 
factor, an initiator of the extrinsic pathway of coagulation, 
is primarily distributed intravascularly through eosino-
phils [98]. Thus, while also contributing to the local 
inflammatory milieu, eosinophils may promote an intra-
vascular procoagulant state in BP. One study performed 
by Marzano et al. found blood and tissue eosinophil 
levels paralleled plasma and blister fluid levels of F1 + 2 
and D-Dimer in BP patients [93]. Additionally, this same 
study found BP patients exhibited tissue factor reactivity 
immunohistochemically as opposed to no reactivity in 
normal skin samples [93]. Furthermore, tissue factor was 
found to originate from eosinophils using colocalization 
studies [93]. Additional studies have also found tissue 
factor reactivity in BP patients, but not healthy controls 
[86, 92, 94, 99]. Finally, mean platelet volume, which may 
have utility in predicting coagulation events, has been 
found to be both related to eosinophilia and elevated in 
BP patients [100, 101]. 

A case for alterations in the fibrinolytic system as the 
molecular basis for hypercoagulability in BP can also be 
made but requires additional study. In states of health 
and homeostasis, fibrinolysis (the process of breaking 
down blood clots) happens endogenously in a continu-
ous manner to prevent small clots throughout the body 
from becoming larger pathologic thromboemboli [102]. 
Of particular interest in the fibrinolysis pathway is plas-
minogen activator inhibitor-1 (PAI-1), an acute phase 
response protein [103] that is the primary endogenous 
inhibitor of plasminogen activators, as elevations in 
PAI-1 are known to result in resistance to endogenous 
fibrinolysis [103–109]. While elevations in PAI-1 are 
known to predispose to thromboembolic events and 
poor outcomes in non-dermatologic disease states [108, 
109], there are very few studies to date evaluating the role 
of PAI-1 in the thrombotic risk present in BP patients 

and other dermatologic conditions [110]. The limited 
investigations that have been done came from Marzano 
et al., who found that both PAI-1 antigen levels and PAI-1 
activity are significantly higher in BP patients when com-
pared to healthy controls [110]. However, PAI-1 is known 
to be conformationally labile and rapidly becomes latent/
inactive [111], and also gets cleaved to an inactive form 
by inflammatory proteases like neutrophil elastase [112] 
such that antigen and anti-plasminogen activator activ-
ity can be discordant, and to-date there have been no 
published functional studies evaluating whether or not 
BP patients are resistant to tPA-mediated fibrinolysis to 
imply a functionally prothrombotic state.

In the clinical literature there are numerous stud-
ies reflecting an increased risk of thrombotic events in 
patients with BP [113–119]. One of the largest of these 
was a multicenter cohort study performed by Cugno et 
al. looking at 432 patients with BP [120]. These patients 
were found to have a 15-fold increase of venous throm-
boembolism risk during the acute phase of disease [120]. 
Furthermore, this risk was found to be proportional to 
disease severity while also being heightened by concomi-
tant risk factors [120], which has been corroborated ex-
vivo in unpublished work by our group where we have 
found that disease severity in BP correlates with func-
tional hypercoagulability on thromboelastography and 
increased clot resistance to tPA-mediated lysis secondary 
to increased PAI-1 activity [121]. Another cohort study 
involving 2,654 patients with BP compared to 26,814 
comparator patients found that after propensity score-
matching for 60 venous thromboembolism risk factors 
and severity markers, BP patients had a 2-fold greater 
risk of VTE [117]. A nationwide retrospective cohort 
study with meta analysis performed in Taiwan similarly 
analyzed 12,162 patients affected by BP or Pemphigus 
Vulgaris (PV) for risk of venous thromboembolism along 
with 12,162 age- and sex-matched controls; with a signifi-
cantly increased incidence of venous thromboembolism 
discovered in those with BP and PV (HR. 1.87; 95% CI: 
1.55–2.26) [114]. On the other hand, one study which 
specifically evaluated the causal relationship between BP 
and stroke using a bidirectional two-sample Mendelian 
randomization design found no causal impact of bullous 
pemphigoid on the risk of stroke [122]. 

The literature supports a link between BP and the 
coagulation system; however, further investigations are 
needed to determine the relationship between a hyper-
coagulable state in BP and biomarkers such as F1 + 2, 
D-dimer, eosinophilic cationic protein, and PAI-1 to 
define a pathophysiologic mechanism [114]. 

Pemphigus vulgaris
Pemphigus Vulgaris (PV) is an autoimmune blister-
ing disease caused by autoantibodies targeting the 
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desmosomal adhesion proteins, desmoglein 1 and des-
moglein 3 (Fig.  1H) [123]. Although closely related to 
BP, there is less data supporting a link between PV and 
hypercoagulability. Specifically, fewer laboratory studies 
looking at coagulation parameters in this disease have 
been performed. One such study looked at plasma levels 
of F1 + 2 and D-dimer in PV patients, reporting normal 
levels of both with active disease and disease remission 
[94]. Similarly, there are very few studies which have 
investigated the relationship between PV and alterations 
of the fibrinolysis system, with the main conclusions 
drawn from the few available suggesting the plasminogen 
activator-plasmin system may play a role in the patho-
genesis of PV [124–126]. 

On the other hand, more clinical evidence showing 
presence of a hypercoagulable state in PV is available 
[113, 127–131]. One population-based cohort study used 
data from the Danish National Patient registry to analyze 
3,322 patients with autoimmune blistering disease, both 
pemphigus (601) and BP (2,410), while also taking into 
account baseline comorbidity burden and medication 
use, to determine cardiovascular outcomes [113]. These 
patients with AIBD were compared to a cohort of 33,195 
age and sex matched controls. Incidence rates were found 
to be higher in the AIBD group when compared to con-
trols for atherosclerotic cardiovascular disease (HR: 1.24; 
95% CI: 1.09–1.40), venous thromboembolism (HR: 1.87; 
95% CI: 1.50–2.34), and cardiovascular death (HR: 2.01; 
95% CI: 1.76–2.29) [113]. Furthermore, in a large-scale 
population-based longitudinal study performed in Israel, 
1,985 patients with pemphigus were compared to 9,874 
age, sex, and ethnicity matched controls to determine risk 
of pulmonary embolism [131]. In this study, pemphigus 
was found to be an independent risk factor for incident 
pulmonary embolism after controlling for several con-
founding factors (adjusted RR: 1.98; 95% CI: 1.29–3.04) 
[131]. Finally, Rokni et al. performed a systematic review 
and meta-analysis looking at the association between 
autoimmune bullous disease and cardiovascular risk, 
with a focus on pemphigus specifically [132]. They found 
significant associations between pemphigus and diabetes 
mellitus (OR: 1.81; 95% CI: 1.26–2.60), hypertension (OR: 
1.393; 1.09–1.78), and dyslipidemia (OR: 2.18; 95% CI: 
1.16–4.07), all conditions predisposing one to thrombotic 
events [132]. 

Overall, limited lab data is available investigating a rela-
tionship between PV and a hypercoagulable state, and 
the biomarkers under study are like those of BP. Clini-
cally, PV shows a potential relationship to thrombosis-
related outcomes, but further study is needed.

Dermatitis herpetiformis
Dermatitis Herpetiformis, also known as Duhring’s dis-
ease, is an autoimmune blistering disease linked to gluten 

sensitivity and celiac disease (Fig. 1I). In contrast to PV, 
there is less clinical data and more basic science research 
supporting coagulation aberrations in dermatitis her-
petiformis. Görög et al. found when analyzing clot lysis 
times, both treated and untreated dermatitis herpetifor-
mis patients had significantly prolonged clot lysis times 
when compared to healthy controls [133]. Data regarding 
levels of F1 + 2 in dermatitis herpetiformis is conflicting. 
One study by Wankiewicz et al. found elevated levels of 
this marker in dermatitis herpetiformis patients when 
compared to controls, however, another study by Mar-
zano et al. found normal levels of F1 + 2 and D-dimer 
in dermatitis herpetiformis patients when compared to 
healthy controls [86, 134]. Additionally, one study found 
normal levels of tissue factor expression in dermatitis 
herpetiformis when compared to controls [99]. PAI-1 
antigen levels and plasmin-antiplasmin (PAP) complex 
levels have been found to be higher in dermatitis herpeti-
formis patients, while plasminogen levels were found to 
be decreased in dermatitis herpetiformis patients [135]. 
While the authors concluded this makes interpretation of 
coagulation status in dermatitis herpetiformis challeng-
ing (as PAI-1 is antifibrinolytic while high PAP and low 
plasminogen suggests activation of fibrinolysis), PAI-1 
is a known acute phase response protein [103] and PAP 
levels are known to be elevated in other hypercoagulable 
inflammatory states that may reflect the bodies’ endog-
enous fibrinolysis system trying to overcome a pathologic 
hypercoagulable state [136], which is corroborated by the 
common finding of elevated D-dimer in other non-der-
matologic systemic inflammatory conditions [137, 138]. 
In contrast to the translational literature above, however, 
one cohort study from Finland studied 368 dermatitis 
herpetiformis patients compared with matched controls 
and found no difference in risk of cardiovascular disease 
between these patients and controls. Moreover, this same 
study even found a relatively decreased risk of stroke in 
dermatitis herpetiformis patients [139]. 

The literature is inconclusive about if there is a rela-
tionship between dermatitis herpetiformis and coagula-
tion abnormalities due to limited and conflicting data. 
Further study of a pathophysiologic link and clinical data 
is needed to begin investigating a potential relationship, 
as current data using PAI-1 antigen levels can be chal-
lenging to interpret alone.

Conclusion
Coagulation system aberrancies can be severe and life-
threatening, particularly when they are undetected and 
comorbid to systemic disease. Hypercoagulable states 
have been found to occur in diseases affecting many 
organ systems, and our study shows the skin is no outlier. 
Our literature review highlights the most relevant basic 
science and clinical studies investigating the potential 
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for cardiovascular and thromboembolic risks in auto-
immune alopecia areata, vitiligo, psoriasis, hidradeni-
tis suppurativa, atopic dermatitis, chronic spontaneous 
urticaria, and autoimmune bullous diseases. The litera-
ture described potential for associated venous disease in 
atopic dermatitis, associated arterial disease in hidrad-
enitis suppurativa, and both in alopecia areata, psoriasis, 
and autoimmune bullous diseases. It is also clear that sig-
nificant gaps remain in the literature in recognizing the 
pathophysiologic mechanisms behind these hypercoagu-
lable states, as well as in determining how these hyper-
coagulable states affect clinical outcomes. Clinically, it is 
also important to investigate if a history of VTE or other 
related events warrants potential long term anticoagula-
tion treatment in patients with the dermatologic condi-
tions we describe in this paper. Future studies addressing 
these gaps are imperative to improve our overall disease 
management in inflammatory dermatologic disorders.
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