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Introduction

Atopic dermatitis (AD) is a chronic immune-mediated 
inflammatory skin disorder with a lifetime prevalence of up 
to 20% [1, 2]. The pathophysiology is intricate, involving 
genetic, immunologic, and environmental factors that pre-
cipitate in epidermal barrier dysfunction and immune sys-
tem dysregulation [3]. Growing evidence indicates that AD 
extends beyond localized skin inflammation, representing 
a systemic disorder. Moreover, the severity of AD is posi-
tively correlated with an increased risk of cardiovascular 
outcomes [4, 5].

Venous thromboembolism (VTE), encompassing deep 
vein thrombosis (DVT) and pulmonary embolism (PE), is a 
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Abstract
Atopic dermatitis (AD) is a prevalent chronic inflammatory skin disease. While various inflammatory conditions have 
been linked to venous thromboembolism (VTE), the risk of VTE among patients with AD remains unclear. We sought to 
systematically review and meta-analyze population-based studies to determine the association between AD and incident 
VTE. A systematic review was performed of published studies in PubMed, Web of Science, Embase and Cochrane library 
from their inception to 27 May 2024. At least two reviewers conducted title/abstract, full-text review and data extraction. 
Cohort studies examining the association of AD with incident VTE were included. Quality of evidence was assessed using 
the Newcastle-Ottawa Scale. Six cohort studies, encompassing a total of 10,186,861 participants, were included. The 
meta-analysis revealed a significantly increased risk for incident VTE among AD patients (pooled hazard ratio (HR), 1.10; 
95% CI, 1.00–1.21), with an incidence rate of VTE at 3.35 events per 1000 patient-years. Individual outcome analyses 
suggested that AD was associated with higher risks of deep vein thrombosis (pooled HR, 1.15; 95% CI, 1.04–1.27) but 
not pulmonary embolism (pooled HR, 0.99; 95% CI, 0.87–1.13). This systematic review and meta-analysis indicated an 
increased risk of incident VTE among patients with AD. Future studies are necessary to elucidate the underlying patho-
physiology of the association between AD and VTE.
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relatively common circulatory disease associated with high 
recurrence rates and notable mortality [6, 7]. Increasing evi-
dence underscores the role of both inflammation and immu-
nity in fostering a prothrombotic state and elevating the risk 
of VTE [8]. Elevated levels of inflammatory and prothrom-
botic markers, such as β-thromboglobulin and platelet fac-
tor 4, integral to VTE pathophysiology, are also observed in 
patients with AD [9, 10].

Despite efforts in epidemiologic studies to assess the risk 
of VTE in patients with AD, the results remain controversial. 
A cross-sectional analysis of US hospitalizations reported a 
significant 22% increase in VTE risk associated with AD 
[11]. Notably, a previous systematic review in 2022, limited 
to two cohort articles, concluded no significant association 
between AD with incident VTE [12]. However, a retrospec-
tive cohort study using a US Claims Database found a sig-
nificant difference in VTE risk between patients with AD 
and non-AD controls in 2024 [13].

This study conducted a comprehensive systematic review 
and meta-analysis to explore the association between AD 
and incident VTE events, including DVT and PE.

Method

This systematic review was prepared in accordance with the 
Meta- analysis of Observational Studies in Epidemiology 
(MOOSE) and the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement. The 
protocol for this systematic review was registered in PROS-
PERO (CRD42023479539) before the data extraction.

Literature search

The relevant articles from network databases including 
PubMed, Web of Science, Embase and Cochrane library 
were searched by two investigators (Yifei Wang and Zhiq-
iang Chen) independently (up to May 27, 2024). Detailed 
lists of the search terms were available in Supplementary 
Material (Supplementary Table 1). Additionally, we meticu-
lously reviewed the reference lists of eligible articles and 
explored gray literature databases recommended by the 
Cochrane handbook. In case where the manuscripts lacked 
the required data, we proactively reached out to the corre-
sponding authors for clarification. Articles without acces-
sible data after author contact were subsequently excluded 
from the analysis.

Inclusion and exclusion criteria

Before filtrating articles, we engaged in a thorough dis-
cussion in regards to the inclusion and exclusion criteria. 

The inclusion criteria were defined as follows: (I) cohort 
studies examining the temporal association between AD 
and incident VTE; (II) studies with a participant popula-
tion consisting individuals with a confirmed diagnosis of 
AD, determined based on the accepted diagnostic criteria at 
the time of study, and with a reference comparison group; 
(III) availability of risk estimates for clinical outcomes, 
including VTE, DVT, or PTE incidence; (IV) articles writ-
ten in English. Excluded from consideration were meeting 
abstracts, reviews, editorials, comments, case reports/series, 
cross- sectional studies, case-control studies, and animal 
studies. In instances where the manuscripts did not present 
the desired data, proactive communication with the primary 
authors was initiated. And studies lacking the requisite data 
following author contact were subsequently excluded from 
the analysis.

Data selection and extraction

Two independent investigators (Yifei Wang and Zhiqiang 
Chen) conducted a comprehensive review of all the full texts 
of eligible articles and extracted data using a predefined 
standard form. All discrepancies between the two investi-
gators were resolved through discussion and a consensus 
was reached on all items. The systematically extracted data 
included the following: first author, publication date, study 
design, study period, and study population characteristics 
(sample size, age and sex), definition of AD and outcomes 
of interest (risk estimates or the number of VTE events).

Quality assessment

Two reviewers independently appraised the included cohort 
studies by using the Newcastle-Ottawa Scale (NOS), which 
included three parameters regarding patients’ selection, 
comparability, and exposure or outcome of interest. A high-
quality study was defined as having a score of ≥ 6 stars. 
Any disagreements were resolved by third researcher (Chen 
Shen).

Statistical analysis

The hazard ratio (HR) and its 95% confidence interval (CI) 
were calculated to determine the incidence of VTE among 
AD patients. Data from different studies were pooled using 
an inverse variance-weighted approach, which determined 
the weight assigned to each enrolled study. Statistical het-
erogeneity was examined through the calculation of I2 value 
and the Cochran’s Q test. In cases of high heterogeneity 
(I2 > 50%), a random-effect model was applied; otherwise, 
a fixed-effect model was used. Moreover, potential hetero-
geneity was explored through sensitivity analysis, involving 
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the individual deletion of each study. If 10 or more studies 
assessed a particular outcome, funnel plots would be used to 
evaluate the publication bias. If the number of studies was 
less than 10, due to providing little power, publication bias 
could not be explored with funnel plots [14]. These analyses 
were performed using STATA 15.0 with all P-values being 
2-tailed and a significance level of 0.05.

Results

Description of studies included

Initially, 872 studies were identified from the database 
search. After the removal of 122 duplicated articles and 
the exclusion of 714 irrelevant articles based on the title 
and abstract, 36 publications were progressed to a full-text 
review. Following the second round of screening, 6 articles 
met the predefined inclusion criteria and were included in 
the analysis. The study selection process, along with rea-
sons for exclusion, is illustrated in the PRISMA flow chart 
(Fig. 1).

Characteristics of included studies

The included cohort studies were published between 2021 
and 2024, and spanned multiple countries and areas, includ-
ing USA [13, 15, 16], UK [17, 18] and Taiwan [19]. The 
definition of AD was based on validated International Clas-
sification of Diseases, Ninth Revision (ICD-9) and ICD-10 
codes. In the included studies, there were 3,689,515 indi-
viduals with AD (54.70% female) and 6,497,346 controls. 
Participants were primarily adults; although two studies by 
Wan et al [17] and Zirpel et al [16] included both pediatric 
and adult populations. The length of follow-up varied from 
1 to 20 years across the included studies. All included stud-
ies adjusted for a set of conventional risk factors, including 
the age, sex and relevant comorbidities. Key characteristics 
of the included studies are summarized in Table 1.

Risk of bias assessment

Table 2 provided the detailed information on the quality of 
the studies based on the Newcastle Ottawa Scale. All cohort 
studies were considered to have a high quality of evidence. 
Although no studies were identified as having a high risk of 

Fig. 1  PRISMA flow chart: 
results of the search strategy
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bias, there was heterogeneity in the association estimates, 
definitions of exposure, outcomes, and populations, accom-
panied by wide CIs.

Relative risk of VTE, DVT, and PE events in patients 
with AD

In the primary analysis of the HRs for VTE in patients with 
AD compared with non-AD controls, five studies were 
included [13, 15, 16, 18, 19]. As illustrated in Fig. 2A, the 
risk for incident VTE significantly increased among patients 
with AD compared with non-AD controls (pooled HR, 
1.10; 95% CI 1.00–1.21). Substantial heterogeneity was 
observed in the HR estimates across the studies (I2 = 95.5%, 
p < 0.001).

When focusing on the HR of DVT (Fig.  2B) and PE 
(Fig.  2C) in patients with AD compared with the general 
population, five studies were identified [15–19]. The pooled 
risk of DVT in patients with AD was 1.15 times higher 
than that of non-AD controls (pooled HR 1.15, 95% CI 
1.04–1.27). Substantial heterogeneity was observed in the 
HR estimates across the studies (I2 = 93.7%, p < 0.001). The 
pooled HR estimate for PE was 0.99 (95% CI 0.87–1.13; 
I2 = 93.5%, p < 0.001), indicating the risk for incident PE 
did not significantly increase among patients with AD.

Incidence rate of VTE, DVT, and PE events in patients 
with AD

Four studies were included in the analysis of the incidence 
rate (IR) of VTE events in patients with AD [13, 15, 17, 
18]. The overall incidences of VTE in patients with AD var-
ied from 1.05 to 7.30 per 1000 person-yesars (PY). Pooling 
the results showed that the IR of VTE among patients with 
AD was 3.35 per 1000 PY (95% CI 0.11–6.58; I2 = 100.0%, 
p < 0.001) (Fig. 3A). Three studies provided estimates for 
the IR of DVT and PE events in patients with AD [15, 18, 
19]. The incidence of DVT and PE was 1.56 per 1000 PY 
(95% CI 0.79–2.32) and 0.64 per 1000 PY (95% CI 0.20–
1.08), respectively. Substantial heterogeneity was observed 
(p < 0.001, I2 = 99.7 and 99.6%) (Fig. 3B and C).

Subgroup evaluation of sex and age

Two studies by Chen et al. [19] and Warren et al. [18]. calcu-
lated the HR of VTE events in patients with AD, compared 
with non-AD controls, stratified by sex. The association 
between AD and increased VTE risk remained significant 
for both sexes. Similar findings were observed in the analy-
ses for DVT. However, Chen et al. [19]. found a signifi-
cantly increased risk of incident PE compared with adults 
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without AD in both sexes, while the study of Warren et al. 
[18] did not observe this (Supplementary Fig. 1).

The study by Wan et al. [17]. calculated the HR of VTE 
events among children and adults with AD. Among the 
pediatric cohort, children with AD demonstrated a 23% 
higher risk of DVT (HR, 1.23; 95% CI 1.02–1.48), but no 
increased risk for PE (HR, 0.78; 95% CI 0.58–1.05). The 
HRs for VTE were similar for adults with AD (DVT : HR, 
1.14; 95% CI 1.11–1.18 & PE: HR, 0.99; 95% CI 0.95–
1.03). In the study by Schneeweiss et al. [20], no significant 
difference in VTE risk was observed between patients with 
and without AD, who were otherwise comparable in those 
aged 18 to 49 years (HR, 1.00; 95% CI, 0.81–1.25) or 50 
years or older (HR, 1.01; 95% CI, 0.88–1.14). Interestingly, 
Chen et al. [19] and Warren et al. [18] found an increased 
risk of incident VTE and DVT in adults with AD 45 years or 
older but not in those younger than 45 years (Supplementary 
Fig. 2).

Subgroup evaluation of disease severity

Four studies evaluated heterogeneity in AD-associated VTE 
risk by AD severity (Supplementary Table 2) [15, 17–19]. 
The studies conducted by Chen et al. [19] and Warren et al. 
[18] observed a consistently increased risk of VTE across 
mild, moderate and severe AD, with HRs vs. controls. Mey-
ers et al. [15] also noted a similar trend for VTE in patients 
with moderate-to-severe AD (HR 1.24; 95% CI 1.13–1.36).

Chen et al.17 and Wan et al. [17] reported that the inci-
dence of DVT was significantly higher in individuals with 
mild, moderate or severe adult AD, compared to controls, 
with the highest risk observed in those with severe AD. 
Similarly, DVT risk was 28% greater among patients with 
moderate-to-severe AD (HR 1.28, 95% CI 1.16–1.42) in the 
study of Meyers et al. [15]. 

In the study of Chen et al. [19], adults with mild and 
severe AD exhibited an increased risk of PE compared to 
controls. Wan et al. [17] found that PE risk was 39% highter 
among patients with severe AD (HR 1.39, 95% CI 1.21–
1.60), while mild AD was conversely associated with a 6% 
lower PE risk compared to those without AD (HR 0.94, 95% 
CI 0.89–0.99). However, there was no difference for moder-
ate AD. Meyers et al. [15] did not detect significant differ-
ence in PE risk among individuals with moderate-to-severe 
AD.

Discussion

Our systematic review and meta-analysis revealed a statisti-
cally significant association between AD and incident VTE 
in cohort studies. The overall incidence rate of VTE was 
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systemic inflammation in AD is believed to stimulate vas-
cular inflammation and oxidative stress [25]. In addition, 
elevated eosinophil counts could contribute to increased 
blood viscosity and hypercoagulability [26]. The elevated 
platelet activation and prolonged fibrinolysis, identified in 
AD patients, may lead to increased risk of thrombosis [27]. 
Therefore, these findings offer potentially explanations for 
the elevated risks of VTE associated with AD.

In the stratified analysis, Chen et al. [19] and Warren et 
al. [18] found a higher risk of incident VTE and DVT in 
adults aged above 45 years, while Schneeweiss et al. [20]. 
did not identify a significant difference. Recent research has 
shown higher levels of systemic inflammatory markers in 
older individuals with AD [28], which may been linked to 
VTE disease. In contrast, our results suggested that AD-
associated risk does not differ by sex. Descriptive analyses 
suggest that a potent increased in VTE risk in severe AD, 
compared with controls, but our findings do not provide evi-
dence of a further VTE risk increase compared with mild 

3.35 events per 1000 PY among individuals with AD. Nota-
bly, this study represented the first meta-analysis to com-
prehensively investigate the association between VTE and 
factors including sex, age and lesion severity.

In our study, AD was associated with a modest increase 
around 10% in the relative risk of VTE compared with indi-
viduals without AD. The heightened VTE risk was specifi-
cally attributed to an increased risk of DVT and not PE. The 
precise reason for this selectivity is not clear. In contrast to a 
previous systemic review that reported no significant asso-
ciation between AD and VTE [12], our study incorporates a 
more extensive set of relevant studies and expands beyond 
the confines of merely 2 US-based studies. Emerging epi-
demiological evidence has established associations between 
VTE and various immune-mediated chronic inflammatory 
conditions, such as systemic lupus erythematosus, inflam-
matory bowel disease and psoriasis [21–23]. Moreover, 
recent guidelines acknowledge a subtle association between 
AD and various cardiovascular conditions [24]. Chronic 

Fig. 2  Forest plots of cohort 
studies estimating the association 
between AD and the risk of (A) 
VTE, (B) DVT and (C) PE. AD, 
atopic dermatitis; VTE, venous 
thromboembolism; DVT, deep 
vein thrombosis; PE, pulmonary 
embolism; HR, hazard ratio; CI, 
confidence intervals
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increasing the transparency of our study. Besides, the inclu-
sion of multiple population-based cohort studies conducted 
across different countries contributed to the provision of 
up-to-date and robust evidence. In addition, we introduced 
the subgroup analysis based on sex, age and AD severity, 
enriching the conclusions. As comorbidities among AD are 
not comprehensively established, this study potentially pro-
vides insights into paying attention to the risk of VTE in 
patients with AD, based on population-based cohort studies.

This study has a few limitations. Firstly, the diagnosis 
of both AD and VTE relied on ICD codes. Although these 
codes have undergone validation, the potential for misclas-
sification bias cannot be entirely ruled out. Secondly, sub-
stantial heterogeneity was observed in the meta-analysis 
regarding the association between AD and VTE. These 
included cohort and database studies derived from medical 
records or registries introduced variability in terms of data 
completeness, accuracy, and population coverage, thus serv-
ing as a potential source of variation across studies. Thirdly, 
the severity of AD was mostly defined according to a treat-
ment pattern instead of indices used in clinical trials, such 
as total body surface area, Investigator Global Assessment 

or moderate AD. The different definitions of AD severity 
can partly be explanatory. Current studies showed the sys-
temic immune abnormalities in patients with severe AD, 
characterized by increased expression of proinflammatory 
cytokines and cardiovascular risk proteins [29, 30], whereas 
these abnormalities were not pronounced in those with mild 
AD [31]. A retrospective cohort study also highlighted an 
increased risk of cardiovascular events in AD patients, with 
the risk escalating with the severity of AD [32]. Further 
studies are still needed to clarify the effects of AD severity 
on the VTE risk.

Formal exploration of causes of heterogeneity was not 
undertaken due to the low number of studies providing little 
power to detect them. Publication bias could not be explored 
with funnel plots due to the presence of high heterogene-
ity, which precludes the expectation of a plot of estimates 
against their Standard Errors to have a funnel shape [14].

Strengths and limitations

This systematic review and meta-analysis has sev-
eral strengths. We preregistered and published protocol, 

Fig. 3  Forest plots of IR of (A) 
VTE, (B) DVT, and (C) PE 
events in patients with AD. AD, 
atopic dermatitis; VTE, venous 
thromboembolism; DVT, deep 
vein thrombosis; PE, pulmonary 
embolism; IR, incidence rate; 
CI, confidence intervals; PY, 
person-years
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