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Background/objectives: Recent studies have sought to determine the 
correlation between atopic dermatitis (AD) and the occurrence of stroke; 
however, these investigations have not reached a consensus. Consequently, our 
team conducted this meta-analysis and systematic review to further explore the 
potential relationship between these two conditions.

Methods: A comprehensive literature search was conducted across PubMed, 
Embase, and Web of Science from their inception until January 2025 to identify 
observational studies examining the association between atopic dermatitis and 
stroke risk. Random-effects meta-analyses were performed using the generic 
inverse variance method, and hazard ratios (HRs) with 95% confidence intervals 
(CIs) were calculated. Additionally, sensitivity analyses and subgroup analyses 
were conducted to assess the stability of the results and explore potential 
sources of heterogeneity.

Results: This meta-analysis included 12 observational studies, comprising 8 
cohort studies, 2 case–control studies, and 3 cross-sectional studies, with a 
total of 14,517,146 participants. The analysis revealed a significant correlation 
between AD and the risk of stroke (n = 17, OR = 1.27, 95%CI = 1.14–1.43). 
Subgroup analyses indicated a particularly strong association among males 
(n = 3, OR = 1.31, 95% CI = 1.07–1.60) and in the context of ischemic stroke 
types (n = 5, OR = 1.14 95%CI = 1.00–1.30). Furthermore, sensitivity analyses 
demonstrated that the results were stable and reliable.

Conclusion: AD is independently associated with an increased risk of stroke, 
especially in men, and there is a notable association with ischemic stroke. 
Moreover, the risk appears to be positively correlated with the severity of AD.

Systematic review registration: Identifier INPLASY202550006.
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1 Introduction

Atopic dermatitis (AD) is a common, chronic, and recurrent 
inflammatory skin disorder primarily characterized by pruritus, 
which often intensifies at night. Scratching can exacerbate skin lesions, 
leading to further complications. Patients with severe cases require 
multidisciplinary management involving the dermatology, allergy, and 
psychology departments. Currently, the incidence of AD in children 
ranges from 15 to 20%, while in adults, it is between 1 and 3% in 
developed countries (1, 2). Notably, there has been a significant annual 
increase in new cases among adults in recent years (3). Ongoing 
research on AD has highlighted its substantial association with various 
allergic diseases, autoimmune disorders, infectious diseases, metabolic 
and cardiovascular conditions, and psychosocial issues (4–7).

Cerebrovascular diseases primarily encompass ischemic and 
hemorrhagic strokes. According to data from the Global Burden of 
Disease Study (GBD), stroke was the second-leading cause of death 
and the third-leading cause of death and disability combined in 
2019 (8). Approximately 12.2 million new stroke cases occur 
annually, contributing to a global mortality rate of around 6.55 
million deaths per year (8). About 44 million stroke survivors 
experience significant functional impairments, while an estimated 
5 million individuals endure permanent severe disabilities (9). 
Notably, China bears the highest burden of stroke globally, with 
approximately 3.94 million new cases annually, resulting in about 
2.19 million deaths due to stroke and 45.9 million Disability-
Adjusted Life Years (DALYs) (10, 11). According to data from the 
World Stroke Organization (WSO) and the Global Burden of 
Disease (GBD), the estimated annual treatment costs for stroke 
worldwide exceed 721 billion US dollars, with indirect costs 
approximated at around 450 billion US dollars (8). Researchers have 
conducted extensive investigations into the pathogenesis of 
cerebrovascular diseases. In addition to the common risk factors 
associated with this condition, the relationship between AD and 
stroke has garnered increasing attention in recent years; however, a 
consensus has yet to be  reached. Some studies have identified a 
significant correlation between AD and stroke, particularly ischemic 
stroke (6, 12, 13). A meta-analysis published in 2018 supports this 
perspective (14), while other studies have not corroborated these 
findings (15–17).

Due to the lack of a unified conclusion in existing studies, our 
team conducted a meta-analysis that integrates previous research with 
the most recent published findings. The aim of this analysis is to 
further explore the correlation between AD and stroke, thereby 
providing a scientific basis for the development of effective stroke 
prevention strategies.

2 Methods

2.1 Protocol and registration

We conducted this systematic review in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement (18). The protocol for this systematic 
review was registered on INPLASY (NO. 202550006) and is 
available in full on inplasy.com (https://doi.org/10.37766/
inplasy2025.5.0006).

2.2 Search strategy

PubMed, Embase, and Web of Science were searched from the 
inception of these databases through January 2025 to identify 
observational studies that examined the association between atopic 
dermatitis and the risk of stroke. The reference lists of relevant articles 
were examined to supplement the search. The search strategy was 
devised using a combination of Medical Subject Heading (MeSH) 
terms, and free text searching of the title and abstract, without 
language restrictions. The detailed search strategies used were as 
follows: (atopic dermatitis OR atopic eczema OR dermatitis OR 
eczema) AND (stroke OR cerebral infarction OR brain infarction OR 
cerebral hemorrhage OR intracerebral hemorrhage OR transient 
ischemic attack OR cerebrovascular disorders OR cerebrovascular 
disorders OR cerebrovascular accident). The full search strategy for 
PubMed,as an example, can be  found in the online 
Supplementary Table S1.

2.3 Study selection

In our meta-analysis, studies were selected based on specific 
inclusion criteria: (1) the study design was restricted to cross-sectional, 
cohort, or case–control studies; (2) effect measures included either 
unadjusted or adjusted odds ratios (OR), risk ratios (RR), and hazard 
ratios (HR), along with their corresponding 95% confidence intervals 
(CI). When specific data were unavailable, they were calculated from 
raw data whenever possible; (3) sample sizes were defined within a 
specified time frame. The exclusion criteria were as follows: (1) 
abstracts, case reports, editorials, guidelines, protocols, book chapters, 
and letters; (2) studies that did not employ analytical or descriptive 
designs with control groups; and (3) studies that lacked any database 
results. Title and abstract screening were independently conducted by 
two reviewers to determine potential eligibility, and full-text articles 
were subsequently assessed for final eligibility. Any discrepancies 
regarding selection were resolved through consultation with a 
third reviewer.

2.4 Data extraction

The following variables were extracted from each study: the first 
author, the country of study, the type of AD and stroke, the study 
design, the publication year, the subjects involved, the sample size, the 
percentage of male participants, the duration of follow-up or study 
period, the mean age or age group, as well as the odds ratios (OR), risk 
ratios (RR), and hazard ratios (HR), both adjusted and unadjusted, 
along with their respective 95% confidence intervals (CIs) and 
adjusted confounding variables. Two reviewers independently 
compared the selected data and resolved any discrepancies through 
consultation to ensure the accuracy and reliability of the analysis.

2.5 Assessment of quality

Two reviewers independently assessed the methodological quality 
of case–control and cohort studies using the Newcastle–Ottawa Scale 
(NOS) (19). The NOS assigns a maximum of 4 points for selection, 2 

https://doi.org/10.3389/fneur.2025.1630671
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://inplasy.com
https://doi.org/10.37766/inplasy2025.5.0006
https://doi.org/10.37766/inplasy2025.5.0006


Pan et al. 10.3389/fneur.2025.1630671

Frontiers in Neurology 03 frontiersin.org

points for comparability, and 3 points for exposure or outcome. The 
studies were classified as low, moderate, or high quality based on NOS 
scores of 1–3, 4–6, and 7–9, respectively. The Agency for Healthcare 
Research and Quality (AHRQ) (20) checklist was employed to 
evaluate the quality of cross-sectional studies, with scores ranging 
from 0 to 11. AHRQ scores of 4–7 and 8–11 indicated moderate and 
high quality, respectively (21).

2.6 Statistical analysis

Meta-analyses were conducted using Review Manager software 
(Version 5.3) to calculate odds ratios (ORs) and 95% confidence 
intervals (CIs) for evaluating the association between atopic dermatitis 
and stroke. A random-effects, generic inverse variance method, as 
proposed by DerSimonian and Laird, was employed to estimate the 
pooled OR and 95% CI. Given that the outcome of interest was 
relatively uncommon, we treated relative risk (RR) or hazard ratio 
(HR) as equivalent to OR (22). In instances where both unadjusted 
and adjusted OR/HR/RR were reported, the adjusted values were 
prioritized. The Cochrane Q-test was performed to assess the 
heterogeneity among studies. A p-value of less than 0.10 for the Q-test 
was deemed statistically significant. Furthermore, the I-squared 
statistical test was used to evaluate the extent of heterogeneity: an I2 
value of 0% indicated no heterogeneity, 25–50% indicated low 
heterogeneity, 50–75% indicated moderate heterogeneity, and values 
exceeding 75% indicated high heterogeneity (23). Statistical 
significance was defined as a p-value < 0.05. Subgroup analyses were 
performed based on study design, gender, region, and type of stroke. 
Furthermore, sensitivity analyses were conducted by sequentially 

removing each study to evaluate the stability of the results. 
Additionally, the funnel plot was used to evaluate the potential for 
publication bias using Review Manager software (Version 5.3).

3 Results

3.1 Selection

The search strategy identified 740 potentially relevant articles 
from PubMed (n  = 63), Embase (n  = 431), and Web of Science 
(n = 246). A total of 134 records were excluded due to duplication. 580 
records were excluded after carefully scanning titles and abstracts. 
After conducting title and abstract screenings, 26 studies were selected 
for full-text reading, of which 12 (6, 12, 13, 15–17, 24–29) met the 
eligibility criteria (details of excluded articles can be  found in 
Supplementary Table S2). Figure  1 describes the process of 
literature screening.

3.2 Study characteristics

The main characteristics of the included studies are summarized 
in Table 1. This review encompasses a total of eight cohorts (12, 15, 
17, 24, 26–29), two case–control studies (6, 16), and three cross-
sectional studies (13, 25, 26) published between 2014 and 2023. These 
studies were conducted across three continents: four in Asia (16, 17, 
27, 28), five in Europe (6, 15, 24, 26, 29), and three in North America 
(12, 13, 25). The sample sizes of the included studies varied 
significantly, ranging from 40,646 to 5,522,341 participants. 

FIGURE 1

PRISMA flowchart of study selection process.
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Regarding the classification of AD, seven articles (6, 15–17, 24, 27, 
29) were categorized into severity levels, including mild, moderate, 
and severe, whereas five articles (12, 13, 25, 26, 28) remained 
unclassified. Regarding the types of stroke, two articles (17, 28) 
encompassed both ischemic and hemorrhagic strokes, three articles 
(6, 24, 27) concentrated exclusively on ischemic stroke, while seven 
articles (12, 13, 15, 16, 25, 26, 29) did not specify the type of stroke. 
The quality of ten studies (6, 12, 15–17, 24, 26–29) was assessed using 
the Newcastle-Ottawa Scale (NOS), which yielded scores ranging 
from 6 to 7. Furthermore, three studies (13, 25, 26) were evaluated 
based on the Agency for Healthcare Research and Quality (AHRQ) 
criteria, resulting in scores between 5 and 8 (see 
Supplementary Table S4).

3.3 Association between AD and risk of 
stroke

The association between AD and the risk of stroke has been 
demonstrated in 12 studies (6, 12, 13, 15–17, 24–29) comprising 17 
valid datasets. A pooled analysis of these studies revealed that AD is 
associated with an increased risk of stroke (n  = 17, OR = 1.27, 
95%CI = 1.14–1.43) (Figure  2). However, a high degree of 
heterogeneity (I2 = 97%, p < 0.00001) was observed in the analysis. 
Due to this significant heterogeneity, we  conducted a subgroup 

analysis to investigate its sources. Details on subgroup analyses are 
provided in Table 2. In our subgroup analysis categorized by study 
design, we identified a significant positive association between AD 
and the risk of stroke in eight retrospective cohort studies (12, 15, 17, 
24, 26–29) (n  = 8, OR = 1.11 95%CI = 1.04–1.18). However, no 
significant association was observed in the three cross-sectional 
studies (13, 25, 26) (n = 3, OR = 1.13 95%CI = 0.88–1.45) and two 
case–control studies (6, 16) (n = 2, OR = 3.31 95%CI = 0.34–32.28) 
(Figure  3). In the subgroup analysis stratified by stroke type, 
we  identified a significant positive association between AD and 
ischemic stroke (6, 17, 24, 27, 28)(n = 5, OR = 1.14 95%CI = 1.00–
1.30). Conversely, no significance was observed for the studies with 
hemorrhagic stroke (17, 28) (n = 2, OR = 1.13 95%CI = 0.88–1.45) 
(Figure  4). In the subgroup analysis stratified by type of AD, 
we identified a significant positive association between severe AD 
and stroke (6, 15–17, 24, 27, 29) (n = 7, OR = 1.84, 95% CI = 1.19–
2.83); however, no significant association was observed with mild (15, 
16, 24, 27, 29) (n = 5, OR = 1.12, 95% CI = 0.95–1.31) and moderate 
AD (15, 16, 27, 29) (n = 4, OR = 1.17, 95% CI = 0.99–1.39) (Figure 5). 
In the subgroup analysis stratified by study region, we identified a 
significant positive association between AD and stroke in Asia (16, 
17, 27, 28) (n  = 4, OR = 2.14, 95% CI = 1.03–4.48). However, no 
significant association was observed in both North America (12, 13, 
25) (n = 3, OR = 1.18, 95% CI = 0.82–1.69) and Europe (6, 15, 24, 26, 
29)(n = 5, OR = 1.04, 95% CI = 1.01–1.06) (Figure 6). In the subgroup 

TABLE 1 Main characteristics of included studies.

First author 
(year)

District Study 
design

Follow-up 
duration 
(year)

Type of AD Type of 
stroke

Sample size Mean age or age 
group (years), 
male (%)

Andersen (2016) Denmark Cohort study 14 Mild severe Ischemic stroke 174,797 24.5 (46.11%)

Drucker (2016) US Cohort study 1 NR NR 78,702 NR (0%)

Drucker (2017) Canadian Cross-sectional 

study

NR NR NR 259,119 30–74 (38.6%)

Jung (2021) Korea Case–control 

study

NR Clear mild 

moderate severe

NR 2,780,356 >15 (49.6%)

Lee (2023) Korea Cohort study 5.1 ± 2.9 Non-severe 

severe

Ischemic stroke 

Hemorrhagic stroke

81,024 50 (40.62%)

Lina (2019) Swedish Case–control 

study

NR Non-severe 

severe

Ischemic stroke 1,127,267 >15 (33.87%)

Silverberg (2015) United States Cross-sectional 

study

1 NR NR 66,652 NR

Silverwood (2018) UK Cohort study 5.1 Mild moderate 

severe

NR 1,915,916 43 (34%)

Stand (2017) (Co) Augsburg Cohort study 7 NR NR 1,214,133 64 (43.10%)

Standl (2017) (Cr) Augsburg Cross-sectional 

study

3 NR NR 1,180,678 65 (44.33%)

Su (2014) Taiwan Cohort study 5 Mild moderate 

severe

Ischemic stroke 40,646 40 (38.1%)

Sung (2017) Taiwan Cohort study 8 NR Ischemic stroke 

Hemorrhagic stroke

75,515 33.5 (45.8%)

Wan (2023) UK Cohort study 5 Mild moderate 

severe

NR 5,522,341 Pediatric 4 (51.75%)

Adult 47 (45.7%)

NR: No Report.
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analysis stratified by gender, we  identified a significant positive 
association between AD and stroke in males (6, 27, 28)(n  = 3, 
OR = 1.31, 95% CI = 1.07–1.60); however, this correlation has not 
been demonstrated in females (6)(n = 1, OR = 1.00, 95% CI = 0.93–
1.08) (Figure 7).

3.4 Sensitivity analysis

According to the funnel plot, our team did not identify any 
significant publication bias (Figure 8). Additionally, we employed 
a one-by-one exclusion method to verify the stability of our 

FIGURE 2

Forest plot of evaluating the association between AD and stroke.

TABLE 2 Subgroup analyses of association between AD and risk of stroke.

Subgroup No. of studies OR (95%CI) Passociation I2 (%) P heterogeneity

Overall studies 17 1.27 (1.14–1.43) P<0.0001 97% P < 0.00001

Gender

Male 3 1.31 (1.07–1.60) p = 0.01 91% P < 0.00001

Female 1 1.00 (0.93–1.08) p = 1.00 / /

Region

Asia 4 2.14 (1.03–4.48) p = 0.04 99% P < 0.00001

Europe 5 1.04 (1.01–1.06) p = 0.002 30% p = 0.19

North America 2 1.18 (0.82–1.69) p = 0.38 86% P < 0.00001

Type of AD

Mild 5 1.12 (0.95–1.31) p = 0.17 89% P < 0.00001

Moderate 4 1.17 (0.99–1.39) p = 0.07 84% p < 0.0001

Severe 7 1.84 (1.19–2.83) p = 0.006 98% P < 0.00001

Type of stroke

Ischemic stroke 5 1.14 (1.00–1.30) p = 0.05 85% P < 0.00001

Hemorrhagic stroke 2 1.13 (0.88–1.45) p = 0.35 59% p = 0.12

Type of study

Cohort study 8 1.11 (1.04–1.18) p = 0.001 80% P < 0.00001

Cross-sectional study 3 1.13 (0.88–1.45) P = 0.35 86% P < 0.0001

Case–control study 2 3.31 (0.34–32.28) p = 0.30 100% P < 0.00001

HS, hemorrhagic stroke; IS, ischemic stroke; cRR: crude relative ratio; aRR, adjustment relative ratio; CI, confidence interval.
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FIGURE 3

Forest plot of subgroup analysis stratified by adjustment for Study type.

FIGURE 4

Forest plot of subgroup analysis stratified by adjustment for stroke.
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research findings. After excluding each study individually, 
we  observed that the results remained largely unchanged, 
indicating that the meta-analysis results exhibit strong stability 
(see Supplementary Table S5).

4 Discussion

4.1 Principal findings

Our meta-analysis primarily investigates the relationship between 
AD and stroke. To the best of our knowledge, this study represents the 
most current, extensive, and comprehensive meta-analysis 
investigating the relationship between AD and the risk of stroke to 
date. We included a total of 12 studies (6, 12, 13, 15–17, 24–29) with 
14,517,146 participants, which has shown that the incidence rate of 
stroke in patients with AD is significantly higher than that in non-AD 
patients (random-effects OR = 1.27,95%CI 1.14–1.43; I2 = 97%). 
Furthermore, a sensitivity analysis was carried out by removing one 
study at a time, the results remained stable.

4.2 Comparison with previous studies

In a previous meta-analysis of observational study, Yuan et al. (14) 
included a total of 11 articles, comprising 11 cohort studies and 3 cross-
sectional studies. The research showed that the incidence of stroke was 
significantly higher in patients with AD compared to non-AD patients 
(combined HR, 1.15; 95% CI, 1.08–1.22; p < 0.001). Furthermore, 
subgroup analyses revealed a significant correlation between severe AD 
and the incidence of stroke; however, this correlation was less 
pronounced in patients with mild or moderate AD. Additionally, AD was 
significantly associated with ischemic stroke, but not hemorrhagic stroke.

In comparison to previous study (14), our updated meta-analysis 
further substantiates these conclusions and enhances the findings of 
prior research.

Our study represents the most extensive investigation to date, 
encompassing the largest number of included studies and the most 
substantial sample size. Notably, it incorporates four new studies (6, 16, 
17, 29) published between 2019 and 2023, thereby providing the latest 
and most comprehensive epidemiological evidence regarding the 
association between AD and stroke. Compared to Yuan’s study, 

FIGURE 5

Forest plot of subgroup analysis stratified by adjustment for AD type.
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FIGURE 6

Forest plot of subgroup analysis stratified by adjustment for region.

FIGURE 7

Forest plot of subgroup analysis stratified by adjustment for gender.
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we  excluded Chang’s (30) study, which primarily investigated the 
relationship between contact dermatitis and stroke, a topic that diverges 
from our study’s focus. Regarding data inclusion, we  integrated 
Andersen’s (24) findings on the relationship between non-severe AD 
and stroke, thereby enriching our data sources. Our literature review 
revealed that the data sources of Andersen’s (24) article and Egeberg 
(31) article may originate from the same timeframe and database; 
however, Andersen’s sample size for AD-related articles was significantly 
larger than that of Egeberg, leading to the exclusion of the latter. In 
summary, although our conclusions align with those of Yuan, we believe 
that our findings are more robust considering the aforementioned factors.

4.3 Potential explanations and implications

The specific pathogenesis of atopic dermatitis remains 
incompletely understood. It is primarily believed to involve multiple 
factors, including genetics, abnormal skin barrier function, microbial 
dysbiosis, environmental influences, and particularly immune 
responses (32, 33). Notably, three mechanisms of immunity are 
significant: (1) The Th2-type immune response predominates during 
acute inflammation. In this phase, Th2 cells are primarily activated, 
secreting cytokines such as IL-4, IL-13, and IL-31, which promote IgE 
production and eosinophil infiltration, resulting in itching and 
inflammation (34–36); (2) Th22, Th1, and Th17 cells contribute to the 
chronic inflammatory response. In the chronic phase, Th1 (IFN-γ), 
Th22 (IL-22), and Th17 (IL-17) cells are activated, leading to 
epidermal hyperplasia and sustained inflammation (37–39); (3) Other 
immune cells, such as Langerhans cells, mast cells, and eosinophils, 
also play a role in the development of atopic dermatitis (40, 41).

Current research indicates that atopic dermatitis (AD) may 
be implicated in the development of various diseases, including allergic 
asthma, inflammatory bowel disease, anxiety, and depression (42). 
Concurrently, the role of AD in cerebrovascular disease is garnering 
increasing attention. Several mechanisms have been proposed to 
elucidate the relationship between AD and stroke: (1) In the 
pathogenesis of cerebrovascular disease, inflammatory responses are 
critical. Studies have demonstrated that inflammatory mediators such 
as fractalkine/CX3CL1, CCL8, M-CSF, HGF, E-selectin, PI3/elafin, 
CCL17, and IL-16 are significantly elevated in patients with AD, 
contributing to the progression of arteriosclerosis (43–45). Additionally, 

PET-CT studies have revealed a significant correlation between vascular 
inflammation in younger AD patients and Th2-related products in both 
skin and blood, such as CCL17 and CCL22 (46). (2) Chronic pruritus 
associated with AD can lead to insomnia, anxiety, and depression in 
patients. This prolonged state of stress activates the sympathetic nervous 
system and the hypothalamic–pituitary–adrenal (HPA) axis, resulting 
in elevated blood pressure and vascular damage (4, 5, 7). (3) Patients 
with AD may exhibit obesity, hypertension, and diabetes (47, 48), all 
recognized risk factors for stroke. Despite numerous studies exploring 
the association between AD and stroke, the precise pathogenesis 
remains unclear, presenting a novel direction for future research.

In recent years, the correlation between AD and stroke incidence 
has garnered increasing attention as research in this area deepens. 
However, no consensus has been reached thus far. Some studies indicate 
a significant correlation between AD and stroke occurrence (15–17, 23), 
with a systematic review of 11 studies conducted by Yuan et al.in 2018 
supporting this perspective (14). Conversely, the study by Drucker et al. 
does not corroborate this viewpoint (12, 13), and a systematic review 
published by Kern et al. in 2024 also fails to support this correlation 
(49). We included a total of 12 observational studies (6, 12, 13, 15–17, 
24–29) and identified a significant correlation between AD and the 
occurrence of stroke. Further subgroup analysis indicated that the 
incidence of stroke was significantly higher in patients with severe AD 
compared to those with non-severe AD. This disparity may be attributed 
to several factors associated with severe AD, including the advanced 
stage of the disease, prolonged duration, obesity, anxiety, depression, 
insomnia, diabetes, hypertension, hyperlipidemia, and other 
cerebrovascular risk factors (4–7). Additionally, the inflammatory 
response in patients with severe AD is markedly elevated (50, 51), 
exacerbating the degree of atherosclerosis and consequently increasing 
the risk of stroke. However, due to the varying severity criteria employed 
across different studies, it is essential for future research to standardize 
these criteria to yield more credible conclusions. Compared to 
hemorrhagic stroke, the risk of ischemic stroke in patients with AD is 
significantly increased, with arteriosclerosis and thrombosis identified 
as the primary mechanisms underlying ischemic stroke. The systemic 
inflammatory response associated with AD may exacerbate this process 
(43, 45), thereby contributing to the elevated risk of ischemic stroke in 
these patients. However, due to the limited number of studies and 
inconsistent findings-only two articles in our research addressed 
hemorrhagic stroke-caution should be  exercised when drawing 
conclusions regarding hemorrhagic stroke. Further high-quality 
research is essential to elucidate these relationships. Compared to 
females, male AD patients exhibit a stronger correlation with stroke, 
potentially attributable to a higher prevalence of unhealthy lifestyle 
habits, such as smoking, excessive alcohol consumption, late-night 
activities, and insufficient physical exercise. However, this conclusion 
remains contentious, as only one study has explored the relationship 
between female AD patients and stroke. Consequently, further research 
is warranted to elucidate this issue in future studies. In conducting 
subgroup analyses of research types, we found that the conclusions 
drawn from cohort studies regarding the significant association between 
AD and stroke occurrence exhibit considerably higher reliability 
compared to those derived from cross-sectional and case–control 
studies. This enhanced reliability is attributed not only to the greater 
number of cohort studies available but also to their superior capacity to 
control for confounding factors and their stronger characteristics for 
causal inference.

FIGURE 8

The funnel plot for publication bias.
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4.4 Strengths and limitations

This study has several strengths and limitations that warrant 
acknowledgment. Initially, we conducted a comprehensive literature 
search, applying stringent inclusion and exclusion criteria along with a 
rigorous quality assessment. In contrast to prior meta-analyses on this 
subject, our research incorporates the most recent and extensive body 
of literature. Furthermore, the estimated effect sizes were consistent 
across all included studies, thereby minimizing heterogeneity. The 
majority of the included studies demonstrated high quality, providing 
robust evidence on the topic. Lastly, due to the observed heterogeneity 
in results, we performed subgroup analyses based on sex, region, study 
type, and the classification of atopic dermatitis (AD) and stroke to 
explore potential sources of heterogeneity.

This meta-analysis presents several inherent limitations that warrant 
discussion. First, the data regarding AD, stroke, and other comorbidities 
were obtained from a secondary claims database. Consequently, any 
inaccuracies or incompleteness in these records may result in data 
inaccuracies. Second, while most studies extensively discuss risk factors 
for cerebrovascular diseases-including gender, age, hypertension, 
diabetes, and atrial fibrillation-this study highlights that only one article 
has examined the correlation between AD and female stroke. Given the 
limited sample size, the conclusion regarding the correlation between 
AD and female stroke should be interpreted with caution. It is well 
established that age is a significant risk factor for stroke; however, the 
age distribution of the population included in this meta-analysis varies, 
leading to ambiguous conclusions regarding the correlation between 
AD and stroke incidence among both elderly and middle-aged 
individuals. This inconsistency underscores a critical area that warrants 
further investigation in future research. Thirdly, our study demonstrates 
significant heterogeneity (I2 = 97%). To investigate the sources of this 
heterogeneity, we conducted both subgroup and sensitivity analyses. 
Given that all studies included in this research were observational, the 
heterogeneity may stem from variations in diagnostic criteria and 
severity grading standards for AD, differences in study regions and 
types, as well as adjustments for stroke types and confounding factors. 
Furthermore, potential confounding variables such as lack of exercise, 
familial genetic predisposition, hyperhomocysteinemia, staying up late, 
and other cerebrovascular risk factors have not been accounted for. The 
results may not generalize to other regions due to the limited geographic 
distribution of the included studies, as the majority were conducted in 
Asia, Europe, and North America.

5 Conclusion

We found a significant correlation between atopic dermatitis (AD) 
and the risk of stroke, particularly in the case of ischemic stroke, 
where this correlation is especially pronounced. However, definitive 
evidence regarding a correlation between AD and hemorrhagic stroke 
is currently lacking. To gain a deeper understanding of the relationship 

between AD and stroke, future prospective studies must 
be meticulously designed to account for confounding factors such as 
AD treatment status, stroke type, and geographical region.
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