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   Key messages    

 Th is large population-based study demonstrated that  •
patients with AD had an increased risk of ischemic 
stroke.   
 We also demonstrated an  ‘ exposure-response  •
relationship ’ , in that the patients with severe AD had a 
higher risk of ischemic stroke than did those with less 
severe forms of the condition.    

  Background.  Epidemiological studies have shown a strong 
association between systemic infl ammatory diseases, particu-
larly allergic diseases, and cardiovascular diseases. However, 
the relationship between atopic dermatitis (AD) and ischemic 
stroke remains unclear.    
  Method.  The study identifi ed 20,323 AD patients and 20,323 
comorbidity-matched subjects between 2005 and 2008. The 
two cohorts were followed until 31 December 2009. Ischemic 
stroke and other cardiovascular events were determined.    
  Results.  During the follow-up period, 301 (1.48%) patients in 
the AD cohort and 228 (1.12%) matched subjects experienced 
ischemic stroke. After multivariate adjustment, patients with 
AD had a 1.33-fold (95% confi dence interval (CI), 1.12 – 1.59; 
 P     �    0.001) increased incidence of ischemic stroke. Adjusted 
hazard ratios for the risk of ischemic stroke in patients with 
mild, moderate, and severe AD were 1.20 (95% CI, 1.00 – 1.45; 
 P     �    0.052), 1.64 (95% CI, 1.23 – 2.19;  P     �    0.001), and 1.71 
(95% CI, 1.15 – 2.56;  P     �    0.008), respectively. The log-rank test 
showed a higher cumulative incidence of ischemic stroke in the 
severe AD group than in the moderate and mild AD groups during 
the follow-up period ( P     �    0.001).    
  Conclusions.  AD may be an independent risk factor for ischemic 
stroke, and risk of ischemic stroke increases with AD severity.   

 Key words:   Atopic dermatitis  ,   cardiovascular disease  ,   ischemic 
stroke 

ischemic stroke is thrombosis, arterial embolism, or atheroscle-
rosis (2). Risk factors for stroke include old age, hypertension, 
previous stroke or transient ischemic attack, diabetes, hyperc-
holesterolemia, and atrial fi brillation. Epidemiological studies 
have shown a strong association between systemic infl amma-
tory diseases, particularly allergic diseases, and cardiovascular 
disease. 

 Atopic dermatitis (AD) is a chronic infl ammatory condition 
associated with hypersensitivity to environmental allergens. Th e 
incidence of AD has increased dramatically in the past 30 – 40 
years (3), and AD has become a major skin disease in develop-
ing and developed countries (4,5). Recent research has suggested 
that AD is an allergic disease in which systemic infl ammation 
involves more than just the skin. However, the relationship 
between AD and ischemic stroke remains unclear. Case-control 
studies reported enhanced platelet activation and reduced 
fibrinolysis in patients with AD (6,7,8), but no large-scale 
study has addressed this issue. Th e aim of this study was to 
determine the risk of ischemic stroke in patients with AD using 
a nationwide database.   

       Introduction 

 Stroke is a medical emergency that usually causes neurological 
damage, sequelae, and mortality. It is the leading cause of adult 
disability and death worldwide (1). Th e most common cause of 
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 Materials and methods  

 Database 

 Taiwan ’ s National Health Insurance (NHI) program, initiated by 
the government in 1995, provides comprehensive health care to 
almost all Taiwanese citizens, with a coverage rate of more 
than 99% of Taiwan ’ s entire population (9). Th e National Health 
Research Institute (NHRI) of Taiwan manages and publicly 
releases for research purposes multiple NHI databases that 
include information about basic patient characteristics; detailed 
claims data for examinations, disease management, and drug 
prescriptions; and diagnoses for all admitted patients and outpa-
tients. Th e NHRI created a research database including a random 
sample of 1,000,000 subjects from the registry of all NHI enroll-
ees in 2000, with the encryption of personal information that 
could identify any individual patient. We obtained data sets from 
this nationally representative cohort from the NHRI for use as 
our research database. Th is study was approved by the Institu-
tional Review Board of Taipei Veterans General Hospital 
(VGHIRB No. 201205043AC).   

 Study design and population 

 In this retrospective cohort study utilizing a nationwide database, 
we enrolled patients aged 20 or older with newly diagnosed 
AD (code 691.X in the International Classifi cation of Diseases, 
9th revision, clinical modifi cation (ICD-9-CM)) between 1 
January 2005 and 31 December 2008. Subjects who have a past 
history of stroke before the enrollment date were excluded from 
the study group.   

 Comparison group 

 Subjects without AD were randomly selected from the same data 
set. Each patient with newly diagnosed AD in the NHRI database 
was pair-matched with one subject of the same age and sex and 
with partially the same comorbidities and using the same diagno-
sis index date. Vascular protection medications and fi ve comor-
bidities (lung cancer, chronic obstructive pulmonary disease, al-
lergic rhinitis, asthma, and psoriasis) were not matched. We 
selected comparison subjects using incidence density sampling by 
computer programming (10). In the comparison group, subjects 
who have past history of stroke before enrollment were excluded 
as the study group.   

 Outcome measures 

 Th e primary outcome of interest was ischemic stroke (ICD-9 
code 436, 433.x, 434.x, 437.1x) aft er the initial diagnosis of AD. 
All ischemic stroke diagnoses included in the analysis were ac-
companied by computed tomographic or magnetic resonance 
images taken within 14 days during hospitalization. We did 
not include suspected clinical diagnoses lacking confi rmatory 
imagings. Because patients with the diagnosis of stroke could be 
exempted from co-payment under the NHI program, the diag-
nosis of stroke must be made by physicians. To clarify whether 
AD aff ects the other cardiovascular diseases, the alternative 
end-point of the study was the occurrence of acute myocardial 
infarction (AMI) or heart failure (HF) during the follow-up 
period. To determine total cardiovascular events including isch-
emic stroke and AMI and HF, competing risk survival analyses 
adjusting for age, sex, comorbidities, and medications were car-
ried out with modifi ed Cox ’ s proportional hazards model. All 
enrollees were followed from the date of enrollment until the fi rst 
diagnosis of ischemic stroke, AMI, HF, or censored date of death, 
withdrawal from the insurance, or until 31 December 2009.   

 Potential confounders 

 In the analysis of the eff ect of AD on the outcome of ischemic 
stroke, we controlled for age and sex and identifi ed the following 
comorbidities as potential confounders: diabetes mellitus (ICD-9 
code 250), atrial fi brillation (ICD-9 code 427.31), hypertension 
(ICD-9 codes 401.0, 401.1, 401.9, 402 – 405, 437.2), coronary ar-
tery disease (ICD-9 codes 410, 411), valvular heart disease 
(ICD-9 codes 394 – 396, 424), peripheral artery occlusive disease 
(ICD-9 code 444.2), chronic kidney disease (ICD-9 codes 580 –
 587), and dyslipidemia (ICD-9 codes 270.0 – 270.2, 272.4). To 
adjust the severity of cardiovascular risk, subjects prescribed 
with the following vascular protection medications were seen as 
potential confounders: statins (Anatomic Th erapeutic Chemical, 
World Health Organization (ATC) codes: C10AA, C10BA, 
C10BX); angiotensin-converting enzyme inhibitor (ATC codes: 
C09A, C09B)/angiotensin II receptor-blockers (ATC codes: 
C09C, C09D); aspirin (ATC code: N02BA01)/clopidogrel (ATC 
code: B01AC04), and warfarin (ATC code: B01AA03). To adjust 
the possible surveillance bias, we use dermatologist visits as a 
variable in the statistical analyses.   

 Severity of AD 

 We also performed a subgroup analysis aft er stratifying patients 
with AD based on medication using the defi ned daily dose 
(DDD), considered to be the average daily adult maintenance 
dose of a drug recommended for a given indication. Th e World 
Health Organization (http://www.whocc.no/atc_ddd_index/) 
has recommended the use of the DDD to measure the amount of 
a prescribed drug. We used the DDDs of oral antihistamines 
and corticosteroids used to treat AD to compare medication 
regimens among patients in the study cohort according to the 
same standard with the following formula: number of 
DDDs    �    total amount of drug / amount of drug in a DDD. Pa-
tients prescribed    �    28 DDDs of oral antihistamines and corti-
costeroids in the past year were classifi ed as non-users of 
AD medication (mild AD group). Patients prescribed    �    28 
DDDs of oral antihistamines and    �    28 DDDs of oral corticos-
teroids were assigned to the moderate AD group, and those 
prescribed    �    28 DDDs of oral corticosteroids were assigned to 
the severe AD group.   

 Statistical analyses 

 Data extraction and computation were performed using the Perl 
programming language (version 5.12.2). Th e Microsoft  SQL 
Server 2005 (Microsoft  Corporation, Redmond, WA, USA) was 
used for data linkage, processing, and sampling. Statistical 
analysis was performed using SPSS soft ware (version 17.0; SPSS 
Inc., Chicago, IL, USA). All data are expressed as mean  �  
standard deviation or  n  (%) unless otherwise stated. Compari-
sons between groups were performed using Student ’ s  t  test for 
continuous variables and Pearson ’ s chi-square or Fisher ’ s exact 
test, as appropriate, for categorical variables. Th e diff erence 
between cumulative incidence curves was tested with the log-
rank test. Th e Cox ’ s proportional hazards model was used to 
estimate the hazards ratio for the progression of outcome. Cox ’ s 
proportional hazards models were used to test the association 
of AD with ischemic stroke, AMI, and HF. Cox ’ s proportional 
hazards model in the competing risk analysis was performed by 
the STATA v.12 soft ware (StataCorp LP, College Station, TX, 
USA). In the multivariable Cox ’ s proportional hazard models, 
we used the forward selection method with likelihood ratio to 
build the best-fi tting model for the variables. Risk factors with 
 P  values    �    0.1 in the univariate model were entered into the 
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multivariable analysis. A  P  value    �    0.05 was considered statisti-
cally signifi cant.    

 Results  

 Clinical characteristics of the study population 

 We identifi ed 28,612 patients newly diagnosed with AD between 
1 January 2005 and 31 December 2008. Aft er excluding patients 
aged    �    20 years ( n     �    6,782) or with antecedent stroke ( n     �    1,507), 
20,323 patients with AD were included in the analyses. Another 
20,323 patients without AD were selected by 1:1 matching by 
age, sex, and comorbidities. Th e study subjects were predomi-
nantly female ( n     �    12,583, 61.9%), and the median age was 
40 years (interquartile range, 29 – 54 years). Table I shows that 
basic characteristics and selected comorbidities were similar 
between groups.   

 Predictors of ischemic stroke risk and 
other cardiovascular events 

 During the follow-up period, 301(1.48%) patients with AD 
and 228 (1.12%) comparison subjects experienced an ischemic 
stroke. Th e log-rank test showed a higher cumulative incidence 
of ischemic stroke in the AD group than in the matched cohort 
during the follow-up period ( P     �    0.003; Figure 1), suggesting 
that patients with AD had an increased risk of ischemic stroke in 
the long term. Compared with subjects without AD, stratifi ed 
Cox ’ s proportional hazard regression demonstrated that the 
crude hazard ratio (HR) for future ischemic stroke among 
patients with AD was 1.29 (95% confi dence interval (CI), 
1.09 – 1.54;  P     �    0.003). Aft er adjusting for patients ’  age, sex, 
comorbidities, and medications, this HR was 1.33 (95% CI, 

1.12 – 1.59;  P     �    0.001), suggesting that AD is an independent risk 
factor for ischemic stroke (Table II). 

 We identifi ed the following independent factors determining 
the risk of future ischemic stroke: male sex (HR, 1.49; 95% CI, 
1.25 – 1.78;  P     �    0.001), age (HR, 1.07; 95% CI, 1.06 – 1.08; 
 P     �    0.001), diabetes mellitus (HR, 1.34; 95% CI, 1.10 – 1.62; 
 P     �    0.003), hypertension (HR, 2.07; 95% CI, 1.63 – 2.63;  P     �    0.001), 

  Figure 1.     Cumulative incidence of ischemic stroke in patients with atopic 
dermatitis (AD) and matched cohort.  

  Table I. Baseline characteristics of patients with atopic dermatitis (AD) and 
matched cohort.  

Patients 
with AD 

( n     �    20,323)

Matched 
cohort 

( n     �    20,323)

Characteristics  n %  n %  P 

Age, y, median (interquartile range) 40 (29 – 54) 40 (29 – 54)

 �    40 9,897 48.7 9,897 48.7

 �    40 10,426 51.3 10,426 51.3
Female 12,583 61.9 12,583 61.9
Male 7,740 38.1 7,740 38.1
Diabetes mellitus 2,936 14.4 2,936 14.4
Atrial fi brillation 151 0.7 151 0.7
Hypertension 4,678 23.0 4,678 23.0
Coronary artery disease 209 1.0 209 1.0
Valvular heart disease 1,090 5.4 1,090 5.4
PAOD 54 0.3 54 0.3
Chronic kidney disease 1,657 8.2 1,657 8.2
Dyslipidemia 4,459 21.9 4,459 21.9
Lung cancer 97 0.5 88 0.4 0.556
COPD 3,570 17.6 3,044 15.0  �    0.001
Allergic rhinitis 7,078 34.8 5,647 27.8  �    0.001
Asthma 2,852 14.0 2,304 11.3  �    0.001
Psoriasis 345 1.7 195 1.0  �    0.001
Statins 1,180 5.8 1,258 6.2 0.103
ACEI/ARBs 1,960 9.6 1,965 9.7 0.932
Aspirin/clopidogrel 1,218 6.0 1,197 5.8 0.660
Warfarin 90 0.4 89 0.4 1

    ACEI    �    angiotensin-converting enzyme inhibitor; ARBs    �    angiotensin 
II receptor-blockers; COPD    �    chronic obstructive pulmonary disease; 
PAOD    �    peripheral artery occlusive disease. 
 Th e  P  value for matched variables was not shown. Medications and fi ve 
comorbidities (lung cancer, COPD, allergic rhinitis, asthma, and psoriasis) 
were not matched.     

  Table II. Predictors of ischemic stroke by Cox ’ s proportional hazards regression 
analysis.  

Univariate analysis Multivariate analysis

Variables HR (95% CI)  P HR (95% CI)  P 

Atopic dermatitis 1.29 (1.09 – 1.54) 0.003 1.33 (1.12 – 1.59) 0.001
Age a 1.09 (1.08 – 1.09)  �    0.001 1.07 (1.06 – 1.08)  �    0.001
Male sex 2.16 (1.82 – 2.56)  �    0.001 1.49 (1.25 – 1.78)  �    0.001
Comorbidities:

Diabetes mellitus 4.22 (3.55 – 5.02)  �    0.001 1.34 (1.10 – 1.62) 0.003
Atrial fi brillation 7.04 (4.67 – 10.60)  �    0.001
Hypertension 9.69 (7.98 – 11.75)  �    0.001 2.07 (1.63 – 2.63)  �    0.001
Coronary artery 

disease
6.26 (4.33 – 9.05)  �    0.001

Valvular heart 
disease

2.79 (2.17 – 3.58)  �    0.001 1.37 (1.05 – 1.79) 0.020

PAOD 5.31 (2.37 – 11.87)  �    0.001
Chronic kidney 

disease
3.32 (2.71 – 4.08)  �    0.001

Dyslipidemia 3.38 (2.85 – 4.01)  �    0.001
Lung cancer 4.31 (2.23 – 8.34)  �    0.001
COPD 3.65 (3.07 – 4.34)  �    0.001
Allergic rhinitis 0.90 (0.75 – 1.09) 0.278
Asthma 2.34 (1.92 – 2.86)  �    0.001
Psoriasis 1.65 (0.91 – 3.00) 0.099

Medications:
Statins 2.81 (2.23 – 3.55)  �    0.001
ACEI/ARBs 4.62 (3.85 – 5.53)  �    0.001
Aspirin/clopidogrel 5.72 (4.72 – 6.93)  �    0.001 1.34 (1.08 – 1.66) 0.007
Warfarin 5.29 (2.91 – 9.61)  �    0.001

    All factors with  P     �    0.1 in univariate analyses were included in the Cox ’ s 
multivariate analysis.   
   ACEI    �    angiotensin-converting enzyme inhibitor; ARBs    �    angiotensin II 
receptor-blockers; CI    �    confi dence interval; COPD    �    chronic obstructive 
pulmonary disease; HR    �    hazard ratio; PAOD    �    peripheral artery occlusive 
disease.   
  a HR for being 1 year older. 
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stroke than did those with less severe forms of the condition. 
Th ese fi ndings support the concept that AD may exert a systemic 
eff ect contributing to ischemic stroke. 

 To our knowledge, this is the largest population-based cohort 
study to investigate the risk of ischemic stroke among patients 
with AD. To avoid any confounding eff ect of pre-existing cere-
brovascular disease, patients with a history of any type of stroke 
before the diagnosis of AD were excluded from this study. By 
including only fi rst-time cerebrovascular events occurring aft er 
the diagnosis of AD, this study addressed the temporal relation-
ship between AD and ischemic stroke. Th e results showed that 
patients with AD were prone to develop ischemic stroke inde-
pendent of other major risk factors for a cerebrovascular event, 
including age, sex, and selected comorbidities. 

 Increasing evidence has shown that systemic infl ammation 
can promote the progression of atherosclerosis and thrombosis 
to ischemic stroke (11,12). Possible explanations for the high 
risk of ischemic stroke in patients with AD are atherosclerotic 
changes (13 – 18) and activation of the coagulation system 
(6,19 – 27) related to chronic infl ammation. Several observa-
tional studies have found that atherosclerotic changes in car-
diovascular diseases may be associated with infl ammatory 
processes resulting from autoimmune disorders, such as rheu-
matoid arthritis (13) and systemic lupus erythematosus (14); or 
from atopic diseases, such as asthma (15 – 18). Several studies 
have found associations between elevated platelet activation 
and chronic allergic diseases such as asthma (19,21) or psoria-
sis (6,24 – 27). Inasmuch as AD is also an allergic disease, albeit 
thought to be milder in severity as compared with asthma or 
psoriasis, it probably exerts systemic infl ammatory eff ect in a 
similar fashion, thereby contributing to cardiovascular or cere-
brovascular consequences. In this study, other atopic diseases 

valvular heart disease (HR, 1.37; 95% CI, 1.05 – 1.79;  P     �    0.020), 
and aspirin/clopidogrel (HR, 1.34; 95% CI, 1.08 – 1.66;  P     �    0.007; 
Table II). 

 Aft er adjusting for patients ’  age, sex, comorbidities, medica-
tions, and competing risk, AD is also an independent risk 
factor for HF (HR, 1.46; 95% CI, 1.10 – 1.93;  P     �    0.009) and 
has a borderline increased risk for AMI (HR, 1.31; 95% CI, 
0.88 – 1.95;  P     �    0.180; Table III). We identifi ed that the dermatolo-
gist visits within one week, two weeks, one month, two months, 
or three months did not increase the risk of ischemic stroke oc-
currence (Table IV).   

 Predictors of ischemic stroke risk in patients with AD 

 Of the sample of 20,323 patients with AD, 17,328 (85.26%), 2,256 
(11.10%), and 739 (3.64%) patients were assigned to the mild, 
moderate, and severe AD groups, respectively. Among all patients 
with AD, 301 (1.48%) had ischemic strokes during the follow-
up period, including 215 (1.24%) patients in the mild AD group, 
59 (2.62%) in the moderate group, and 27 (3.65%) patients in 
the severe group ( P     �    0.001). 

 Th e adjusted HRs for the risk of ischemic stroke in patients 
with mild, moderate, and severe AD were 1.20 (95% CI, 1.00 – 1.45; 
 P     �    0.052), 1.64 (95% CI, 1.23 – 2.19;  P     �    0.001), and 1.71 
(95% CI, 1.15 – 2.56;  P     �    0.008). Th e log-rank test showed a higher 
cumulative incidence of ischemic stroke in the severe AD 
group than in the moderate and mild AD groups during the fol-
low-up period ( P     �    0.001; Figure 2), indicating that patients with 
severe AD had an increased risk of ischemic stroke in the long 
term. Additionally, independent risk factors of ischemic stroke 
for patients with AD are shown in the Supplementary Table I to 
be found online at http://informahealthcare.com/doi/abs/10.3109/
07853890.2013.870018.    

 Discussion 

 In this study, we demonstrated that AD is an independent risk 
factor for ischemic stroke. Patients with AD had a 33% increased 
incidence of ischemic stroke compared with the comparison 
group. We also demonstrated an  ‘ exposure-response relationship ’ , 
in that the patients with severe AD had a higher risk of ischemic 

  Table III. Risk factors for ischemic stroke, acute myocardial infarction (AMI), and heart failure (HF) in patients with atopic dermatitis and matched cohort.  

Total CV events Ischemic stroke AMI HF
HR (95% CI)  P HR (95% CI) a  P HR (95% CI) a  P HR (95% CI) a  P 

1.32 (1.15 – 1.52)  �    0.001 1.30 (1.08 – 1.56) 0.005 1.31 (0.88 – 1.95) 0.180 1.46 (1.10 – 1.93) 0.009

    All HRs were adjusted for age, sex, comorbidities and medications listed in Table I. All factors with  P     �    0.1 in univariate analyses were included in the Cox ’ s 
multivariate analysis.   
 Total CV events    �    the sum of ischemic stroke and AMI and HF.   
  a Aft er adjusting for competing risk   
 AMI    �    acute myocardial infarction; CI    �    confi dence interval; CV    �    cardiovascular; HF    �    heart failure; HR    �    hazard ratio.   

  Figure 2.     Cumulative incidence of ischemic stroke in patients with mild, 
moderate, severe, and no atopic dermatitis (AD) group.  

  Table IV. Association of the risk of developing ischemic stroke with 
dermatologist visits.  

  Univariate analysis Multivariate analysis a 

HR (95% CI)  P HR (95% CI)  P 

Dermatologist visits
Last 3 months 1.07 (1.00 – 1.14) 0.059 1.01 (0.94 – 1.08) 0.799
Last 2 months 1.13 (1.03 – 1.23) 0.009 1.04 (0.95 – 1.14) 0.381
Last 1 month 1.28 (1.12 – 1.47)  �    0.001 1.12 (0.98 – 1.28) 0.088
Last 2 weeks 1.44 (1.11 – 1.88) 0.006 1.19 (0.93 – 1.54) 0.170
Last 1 week 1.72 (1.14 – 2.61) 0.010 1.29 (0.87 – 1.93) 0.211

     a Adjusted for age, sex, comorbidities, and medications listed in Table I.   
 CI    �    confi dence interval; HR    �    hazard ratio.   
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including allergic rhinitis and asthma are not independent risk 
factors for ischemic stroke. Th e possible explanation is that 
non-atopic asthma is more common than atopic asthma among 
elderly patients. Allergic rhinitis seems to be milder and less 
systemic infl ammation than other atopic diseases. However, 
there are few studies addressing the relationship of AD and 
cardiovascular disease. Tamagawa-Mineoka et   al. (6) observed 
signifi cantly elevated platelet activation in patients with AD by 
monitoring platelet activation markers such as  β -thromboglob-
ulin and platelet factor 4, levels of which were signifi cantly 
higher in patients with AD than in comparisons, and which 
were signifi cantly reduced aft er treatment in patients with AD 
and psoriasis. Plasma levels of platelet-derived microparticles 
and soluble P-selectin as platelet activation markers were sig-
nifi cantly higher in AD patients compared with controls and 
reduced following skin lesion improvement by drug treatment 
(7). Th e two studies highlighted the phenomenon of platelet 
activation among patients with AD. One case-control study (8) 
conducted by Nasta ł ek et   al. selected 130 AD patients and 130 
healthy controls. Fibrin clot function was assessed, and patients 
with AD had lower clot permeability, increased fi ber thickness, 
faster clot formation, higher maximum D-dimer levels released 
from clots, and prolonged fi brinolysis time compared with con-
trols. Nasta ł ek et   al. concluded that patients with AD were as-
sociated with formation of dense fi brin clots resistant to lysis. 

 Our fi ndings suggest that AD is an independent risk factor 
for ischemic stroke. Elevated platelet activation and reduced 
effi  ciency of fi brinolysis can partly explain the relationship 
between AD and the increased risk of ischemic stroke. Because 
infl ammatory parameters (e.g. C-reactive protein, erythrocyte 
sedimentation rate, procalcitonin) were unavailable in this 
study, the role of infl ammation and the relationship between AD 
and ischemic stroke are not clear. Further research is needed to 
confi rm our results and to determine the underlying pathogen-
esis. In order to get better quality of log-rank test, we completely 
matched age, sex, and comorbidities in the comparison group. 
Although age, sex, and comorbidities in the comparison group 
have been completely matched, overmatching bias is not 
excluded. We performed Cox ’ s proportional hazards models to 
double-check. Th e result of log-rank test ( P     �    0.003; Figure 1) is 
very close to the result of Cox ’ s proportional hazards models 
( P     �    0.001; Table II). 

 Th ere may be a surveillance bias in that those patients with 
AD are more likely to have frequent check-ups, which may 
lead to early detection of ischemic stroke. To avoid the surveil-
lance bias, we use dermatologist visits as a variable, and the 
result indicated that the dermatologist visit is not a risk factor for 
ischemic stroke (Table IV). However, because the clinical evi-
dence linking AD to ischemic stroke in clinical practice has 
been lacking, patients with AD are usually followed up by their 
dermatologists. Patients visit a neurologist or emergency special-
ist only when they have neurological symptoms, and then they 
undergo brain computed tomography/magnetic resonance 
imaging studies to diagnose ischemic stroke. 

 In this study, we found that some traditional risk factors for 
stroke, including atrial fi brillation and coronary artery disease 
and peripheral artery occlusive disease, seem very sensitive 
to change from the univariate to multivariate models (Table II). 
Th is may be due to the low prevalence of those traditional 
risk factors for ischemic stroke in the AD group. In this study, 
the incidence of psoriasis was signifi cantly higher in patients with 
AD than in comparisons (1.7% versus 1.0%;  P     �    0.001). Th is is 
unusual because psoriasis and AD are clinically mutually exclusive 
(28). Th e increased psoriasis incidence in patients with AD may 

be due to a surveillance bias. Patients with AD were more likely to 
have frequent dermatologist visits, which may lead to early detec-
tion of psoriasis. A growing body of evidence (29,30) has shown 
that psoriasis confers a higher risk for cardiovascular diseases. 
Aft er multivariate adjustment, psoriasis was not an independent 
risk factor for ischemic stroke. Th is may be due to the very low 
prevalence of psoriasis in this study. More research is needed to 
clarify the role of psoriasis in the relationship of AD and stroke. 

 One particular strength of the present study is its nation-
wide, population-based study design, which could trace all 
cases of newly diagnosed AD and ischemic stroke in Taiwan 
during the study period, since all dermatologic and neurologi-
cal practices were covered in our insurance system. Addition-
ally, the large sample size, in our study, aff orded substantial 
statistical power for detecting real, even subtle, diff erences 
between the two cohorts. 

 Our study has several limitations. First, patients with AD 
were identifi ed using a diagnostic code in a database, introduc-
ing the possibility of misclassifi cation because of coding errors 
or misdiagnosis. Second, some potential risk factors, including 
obesity, smoking, alcohol use, and family history of cardiovas-
cular disease, were not included in our analyses because these 
data were not available. Nonetheless, some cigarette-smoking 
related health consequences would, at least in part, be refl ected 
in the presentation of comorbidities, such as lung cancer or 
chronic obstructive pulmonary disease, which were covered in 
our analysis. Th ird, the follow-up period may not have been suf-
fi ciently long to detect ischemic stroke development. Fourth, 
we could not directly evaluate the severity of each comorbidity. 
Although the rate of each comorbidity has no diff erence between 
AD and comparison groups, the severity of each comorbidity 
may be diff erent. We used vascular protection medications 
to adjust the cardiovascular risk. Patients with higher cardiovas-
cular risk were prescribed with more vascular protection medi-
cation. Furthermore, the severity of AD was classifi ed by AD 
medication prescriptions given in clinic visits, which may not 
exactly conform to the guidelines. Finally, because we did 
not have the information of causes of death, stroke may be a 
cause of death but was not recorded as an end-point. Nonethe-
less, non-diff erential misclassifi cation led to a bias toward the 
null that reduces the eff ect of AD.  

 Conclusions 

 Th is large population-based study demonstrated that patients 
with AD had an increased risk of ischemic stroke, and that 
the risk probably increased with AD severity. We suggest that 
events of ischemic stroke should be routinely reported in future 
AD study. Future studies on the possible pathogenic mechanisms 
between AD and ischemic stroke are necessary.    
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  Supplementary Table I. Predictors of ischemic stroke in patients with atopic dermatitis by cox proportional 
hazards regression analysis.  

Univariate analysis Multivariate analysis

Variables HR (95% CI)  p HR (95% CI)  p 

Age    �    40 years 25.73 (14.09 – 46.99)  �    0.001 10.67 (5.72 – 19.90)  �    0.001
Male sex 2.25 (1.79 – 2.83)  �    0.001 1.76 (1.40 – 2.22)  �    0.001
Diabetes mellitus 4.01 (3.18 – 5.05)  �    0.001 1.37 (1.08 – 1.75) 0.010
Atrial fi brillation 6.82 (3.91 – 11.89)  �    0.001 1.83 (1.03 – 3.24) 0.039
Hypertension 10.09 (7.79 – 13.05)  �    0.001 4.02 (3.04 – 5.31)  �    0.001
Coronary artery disease 7.12 (4.48 – 11.33)  �    0.001 1.80 (1.12 – 2.90) 0.016
Valvular heart disease 2.96 (2.13 – 4.09)  �    0.001 1.64 (1.17 – 2.30) 0.004
PAOD 6.34 (2.36 – 17.02)  �    0.001
Chronic kidney disease 3.15 (2.39 – 4.15)  �    0.001
Dyslipidemia 3.20 (2.55 – 4.01)  �    0.001

    Abbreviation: HR    �    hazard ratio; CI    �    confi dence interval; PAOD    �    Peripheral artery occlusive disease.   
 All factors with  p     �    0.1 in univariate analyses were included in the Cox multivariate analysis.   
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