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Background: Chronic inflammation has been linked to stroke, but it is not known whether atopic dermatitis (AD), a chronically
inflammatory skin disease, is related to stroke. The aim of this study was to investigate the association of AD and stroke.
Materials and Methods: In this population-based, cohort study, data were collected from a Longitudinal Health Insurance
Database released from the National Health Research Institute in Taiwan in 2011. All patients with AD between 2000 and 2006
without prior stroke were included and an age- and gender-matched cohort without prior stroke, 4-fold of the AD sample size,
was served as the control group. The two cohorts were followed until the end of 2010 for stroke incidence. Cox’s proportional
hazards regressions were used to assess the difference in stroke risk between groups. Results: During the follow-up period of
4-11 years, 471 (incidence: 4.46/1,000 person-years) and 1497 (incidence: 3.56/1,000 person-years) stroke incidents were noted
in the study and control cohort, respectively. The patients with AD had an increased incidence of ischemic stroke (adjusted hazard
ratio [HR]: 1.21; 95% confidence interval [CI]: 1.08—1.36) but not hemorrhagic stroke (adjusted HR: 0.97; 95% CI: 0.74-1.29).
The severity of AD was significantly correlated with the risk of ischemic stroke. Conclusions: These results suggest that AD
is independently associated with ischemic stroke but not with hemorrhagic stroke. The risk of ischemic stroke is correlated
significantly with the severity of AD. Further research is necessary to explore the underlying mechanism.
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INTRODUCTION

Stroke is one of the most frequent causes of death and
permanent disability worldwide. In Taiwan, stroke is the
leading cause of adult disability, the third leading cause of
death and is the second highest in health-care expenditures
for adults age 65 and older.! Although multiple risk factors
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such as smoking, obesity, hypertension (HTN), diabetes
mellitus (DM), dyslipidemia, coronary artery disease (CAD),
and atrial fibrillation (AF) have been identified, there are still
some unknown risk factors which can predispose to stroke.

There is increasing evidence showing that chronic
inflammation may be accounted for the trigger and
progression of stroke.”® Previous studies have shown the
association of stroke and chronic inflammatory diseases
such as asthma,® chronic obstructive pulmonary disease,” hay
fever, 8 and rheumatoid arthritis.? It is assumed that activation
of microglia,'® blood coagulation pathways, and platelet play
an important role in the inflammatory reactions.!!?
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Atopic dermatitis (AD) is a genetically determined,
chronically relapsing, and inflammatory skin disease."”
The pathophysiology of AD includes impaired function of
skin barrier, frequent allergic responses against allergens,
defects in the antimicrobial immune defense, and a genetic
predisposition.'* Previous studies showed controversial results
about hemostatic alterations in AD. Patients with AD may
have altered fibrin properties, which could cause thrombosis or
delayed generation of thrombin, which can lead to bleeding.'>!

The association between AD and the risk of stroke
development is unclear. The purpose of this study was to
investigate the associations between AD and the subsequent
risk of stroke.

MATERIALS AND METHODS

Database

This study used the “Longitudinal Health Insurance
Database (LHID)” released by the Taiwan National Health
Research Institute (NHRI) in 2011 and covering the years
between 1996 and 2010. The LHID contained all claimed data
of 1,000,000 beneficiaries, who were randomly sampled from
23 million enrollees in National Health Insurance program.
These enrollees covered around 98% of the population
in Taiwan. There were no statistically significant differences in
age, gender, or health-care costs between the sample group and
all enrollees. These data have been used for epidemiological
researches and more than one hundred of articles have been
published. The LHID is de-identified secondary data released
by NHRI for research purposes and this study is exempt from
full review by the Institutional Review Board of Tri-Service
General Hospital (TSGHIRB No.: 1-105-05-078).

Study sample

The study cohort and a comparison cohort were collected
from the LHID. The study cohort comprised all patients who
visited ambulatory care centers and inpatients for the treatment
of AD (International Classification of Diseases, Ninth Revision,
Clinical Modification [ICD-9-CM] codes 691) for the first time
between January 01, 2000, and December 31, 2006. For the
validity of the diagnosis, we selected outpatients who received
at least three consensus diagnoses. We excluded patients with
previous diagnosis of all stroke (ICD-9-CM codes 430-438)
and incomplete demographic information. The resulting study
cohort enrolled 15103 patients with AD. The first medical
visit that patients received AD diagnosis was set as an index
ambulatory visit.

The comparison cohort was extracted from the remaining
patients in the LHID. We assigned their first medical visits
between January 01, 2000, and December 31, 2006, as index
ambulatory visits. We excluded patients who had a diagnosis
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of stroke before the index ambulatory visit. We randomly
selected 60412 patients (4-fold of the study cohort) by SAS
statistical package (Version 9.1.2, SAS Institute, Cary, NC,
USA) and matched with the study cohort in terms of age and
sex. Finally, we enrolled 75515 patients. Each patient was then
individually followed till 31 December 2010 (i.e., for at least
4 years) from their index ambulatory visit to the outcome of
all strokes (ICD-9-CM codes 430-438). The stroke types are
divided by hemorrhagic stroke (ICD-9-CM codes 430-432)
and ischemic stroke (ICD-9-CM codes 433-438). Similarly,
for the validity of stroke diagnosis, we select patients who
performed brain computed tomography or magnetic resonance
imaging and at least three consensus diagnosis of stroke. For
those who did not have stroke, the end day of follow-up is the
last medical visit in the end of 2010.

Statistical analysis

In this study, SAS statistical package (version 9.1.2) was
used to perform all statistical analysis. Pearson’s Chi-square
test and #-test were performed to examine the differences in
characteristics including age, gender, as well as the conventional
risk factors of stroke including HTN (ICD-9-CM codes
401-405), DM (ICD-9-CM codes 250), CAD (ICD-9-CM
codes 410-414), hyperlipidemia (ICD-9-CM codes 272),
and AF (ICD-9-CM codes 4273). After adjustment for the
variables mentioned, Cox’s proportional hazard regressions
were performed to analyze the adjusted hazard ratio and 95%
confidence interval [CI] using a significance level of 0.05.

RESULTS

The baseline characteristics between these two cohorts are
shown in Table 1. After matching for age and gender, the AD
patients are more likely to have HTN, DM, CAD, AF, and
hyperlipidemia (P < 0.0001). Table 2 showed the incidence
and hazard ratio of stroke by Cox’s proportional hazards
regression analysis. During the follow-up period of 4-11 years,
471 (incidence: 4.46/1,000 person-years) and 1497 (incidence:
3.56/1,000 person-years) stroke incidents were noted in the
study group and the control cohort, respectively. The hazard
ratio [HR] for developing stroke of any type among patients
with AD was 1.17 (95% CI = 1.06-1.30) as compared with
cases in the control group. The incidence of stroke increased
with elder age (HR: 106.46, 95% CI = 66.23—-171.14, age 65
compared to age <20), male sex (HR: 1.41, 95% CI = 1.29—
1.54), HTN (HR: 2.48, 95% CI = 2.21-2.79), DM (HR: 1.46,
95% CI =1.31-1.63), CAD (HR: 1.44, 95% CI = 1.30-1.59),
and AF (HR: 1.69, 95% CI = 1.32-2.15).

Table 3 showed stroke subgroup analysis between patients
with AD and control group. After adjusting for age, sex, HTN,
DM, CAD, AF, and hyperlipidemia, the adjusted-HR were
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1.21 (95% CI=1.08-1.36) and 0.97 (95% CI = 0.74-1.29) for
ischemic and hemorrhagic stroke, respectively.

To evaluate the roles of an interaction effect between AD
and comorbidity in predisposition to stroke, we performed
multivariate analyses with a forward selection model [Table 4].
The incidence of stroke risk increased when patients with
AD have coincident conventional stroke risk factors such as
HTN (HR: 3.25, 95% CI = 2.80-3.77), DM (HR: 2.15, 95%
CI = 1.79-2.60), CAD (HR: 2.27, 95% CI = 1.96-2.64),
AF (HR: 2.14, 95% CI = 1.29-3.56), and hyperlipidemia (HR:
1.81, 95% CI = 1.54-2.13). The P for trend is < 0.0001.
Test for interactions between AD and comorbidities was not
significant.

In Table 5, we employed multivariate Cox’s proportional
hazards regression analysis to explore the impact of AD
severity in stroke incidence. The numbers of clinical visits
for AD were representative as “surrogate markers” of
disease severity of AD in our study. The increased clinical
visits for AD was correlated significantly with higher rate of
stroke incidence (<10 times, HR 1.14, 95% CI = 1.02-1.27;
10-19 times, HR 15.68, 95% CI = 10.79-22.78; and > 20 times,
HR 57.45, 95% CI = 35.62-92.66). After adjusting for age,
sex, HTN, DM, CAD, AF, and hyperlipidemia, the correlation
was still significant (<10 times, HR 1.08, 95% CI =0.97-1.20;
10-19 times, HR 6.02, 95% CI = 4.13-8.76; and >20 times,
HR 19.82, 95% CI = 12.23-32.13).

Table 1: Baseline characteristics of patients with atopic
dermatitis and comparison cohort

Variable Comparison cohort, AD cohort, P
n=60412 (%) n=15103 (%)

Age, years (SD)* 34.0 (23.2) 33.9 (23.4)
<20 21,004 (34.8) 5251 (34.8) 0.50
20-44 19,508 (32.3) 4877 (32.3)
45-64 12,144 (20.1) 3036 (20.1)
>65 7756 (12.8) 1939 (12.8)

Sex
Female 32,768 (54.2) 8192 (54.2) >0.99
Male 27,644 (45.8) 6911 (45.8)

Comorbidity
Hypertension 8820 (14.6) 2615 (17.3) <0.0001
DM 3156 (5.2) 1031 (6.8) <0.0001
CAD 4281 (7.1) 1387 (9.2) <0.0001
AF 289 (0.5) 84 (0.6) <0.0001
Hyperlipidemia 5208 (8.6) 1752 (11.6) <0.0001

*T-test; Others: Chi-square test. AD = Atopic dermatitis; DM = Diabetes
mellitus; CAD = Coronary artery disease; AF = Atrial fibrillation;
SD = Standard deviation
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DISCUSSION

This study demonstrated that AD is an independent risk
factor for the development of ischemic stroke but not the
hemorrhagic stroke. We obtained a crude HR of 1.30 (95%
CI=1.17-1.46) and adjusted HR of 1.21 (95% CI = 1.08-1.36)
for developing ischemic stroke in the AD cohort compared
with the non-AD cohort. Patients with AD are more likely
to have HTN, DM, CAD, AF, and hyperlipidemia; however,
AD and these comorbidities influence the ischemic stroke
risk independently. Furthermore, the severity of AD was
significantly correlated with the risk of subsequent ischemic
stroke.

There is growing evidence to suggest that patients with
chronic inflammation are at eclevated stroke risk beyond
common risk factors.”® Clinical and preclinical studies
revealed that inflammation is implicated in ischemic stroke
as a modifier, a possible immediate and exacerbating factors,
and a marker of future risk.!” The systemic inflammatory status
prior to and at the time of stroke can influence the acute outcome
and long-term prognosis of stroke.> Diverse mechanisms have
been proposed to account for inflammation-associated stroke,
ranging from classic risk factors to disturbances of the immune
and coagulation systems.'s

AD is a chronically relapsing, noncontagious pruritic skin
disease with two phases: acute and chronic. The lifetime
prevalence of AD is 10%-20% in children and 1%-3% in
adults.” Tt is regarded as a chronic inflammatory disease
characterized by cutaneous hypersensitivity to environmental
triggers.’** Previous studies showed controversial results
about hemostatic alterations in atopic cases. One study had
found that atopic patients with hay fever and asthma have
delayed generation of thrombin in clotting blood, which can
lead to prolonged bleeding time.!® On the other hand, one
study demonstrated an increased incidence of atopic diseases
among patients with venous thromboembolism.?! Another
study showed that plasma beta-thromboglobulin and platelet
factor 4 as platelet activation markers are significantly higher
in patients with AD.?> Recent studies have shown that AD
is associated with reduced clot permeability, prolonged
fibrinolysis time, faster fibrin polymerization, higher
thrombotic mass, and thicker fibers," which are all known to
be associated with prothrombotic tendency and seen in patients
with coronary atherothrombosis.?*?** Our study demonstrated
that patients with AD have increased risk of ischemic stroke
but not hemorrhagic stroke [Table 3]; a finding was in concert
with those of previous studies.

Many studies have shown that acute and chronic infections
can act in combination with conventional risk factors to increase
the risk of stroke. Our recent study also found that septicemia
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Variable Event PYs Rate HR (95% CI) Adjusted HR (95% CI)
AD
No 1497 420,962 35.56 1.00 1.00
Yes 471 105,658 44.58 1.25 (1.13-1.39)** 1.17 (1.06-1.30)**
Demographic
Age group
<20 18 199,974 0.90 1.00 1.00
20-44 115 169,850 6.77 7.58 (4.61-12.45)*** 7.51 (4.57-12.34)***
45-64 531 102,215 51.95 58.23 (36.4-93.15)*** 36.95 (23.01-59.34)***
>65 1304 54,582 238.91 269.22 (169.05-428.75)*** 106.46 (66.23-171.14)***
Sex
Female 830 287,774 28.84 1.00 1.00
Male 1138 238,846 47.65 1.65 (1.51-1.81)*** 1.41 (1.29-1.54)**
Comorbidity
Hypertension
No 592 458,277 12.92 1.00 1.00
Yes 1376 68,343 201.34 15.6 (14.17-17.19)*** 2.48 (2.21-2.79)***
DM
No 1462 502,181 29.11 1.00 1.00
Yes 506 24,440 207.04 7.05 (6.37-7.8)*** 1.46 (1.31-1.63)**
CAD
No 1176 493,624 23.82 1.00 1.00
Yes 792 32,996 240.03 10.03 (9.16-10.98)*** 1.44 (1.30-1.59)**
AF
No 1899 524,921 36.18 1.00 1.00
Yes 69 1699 406.16 10.98 (8.63-13.96)*** 1.69 (1.32-2.15)***
Hyperlipidemia
No 1331 483,215 27.54 1.00 1.00
Yes 637 43,406 146.76 5.29 (4.81-5.82)*** 0.99 (0.90-1.10)

**P<0.01, ***P<0.001. Model adjusted for AD, age (categorical), sex, and comorbidity. PYs = Person-years; Rate = Incidence rate, per 10,000 person-years;
AD = Atopic dermatitis; DM = Diabetes mellitus; CAD = Coronary artery disease; AF = Atrial fibrillation; HR = Hazard ratio; CI = Confidence interval

Table 3: Incidence and hazard ratio of stroke and its subtypes in patients with atopic dermatitis and comparison cohort

Variable Comparison cohort AD cohort HR (95% CI) Adjusted HR (95% CI)
Event PYs Rate Event PYs Rate

All stroke 1497 420,962 35.56 471 105,658 44.58 1.25 (1.13-1.39)** 1.17 (1.06-1.30)**

Ischemic stroke 1250 420,962 29.69 409 105,658 38.71 1.30 (1.17-1.46)** 1.21 (1.08-1.36)**

Hemorrhagic stroke 247 420,962 5.87 62 105,658 5.87 1.00 (0.76-1.32) 0.97 (0.74-1.29)

**P<0.01. Model adjusted for age, sex, and comorbidity. PYs = Person-years; Rate = Incidence rate, per 10,000 person-years; AD = Atopic dermatitis;
HR = Hazard ratio; CI = Confidence interval

infections.?” It implies that chronic infection may be one of the
possible contributors for stroke in patients with AD.

In Table 1, the average age of AD cohort in this study is
33.9 years old. The age distribution of onset (age < 20, 34.8%)

is associated with an increase in stroke risk.”® Patients with
AD have impaired epithelial barrier, which can predispose to
colonization or infection by microbial organism, most notably
Staphylococcus aureus®® and widespread disseminated viral
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Table 4: Interaction effect between atopic dermatitis and
comorbidities contributing to stroke risk

Variable Event PYs Rate HR (95% CI) P for
AD Hypertension interaction
No No 458 368,200 12.44 1.00 0.4437
Yes No 134 90,077 14.88 1.29 (1.06-1.56)
No Yes 1039 52,762 196.92 2.76 (2.45-3.12)
Yes Yes 337 15,581 216.29 3.25 (2.80-3.77)
P for trend <0.0001
Variable
AD DM
No No 1114 402,469 27.68 1.00 0.1702
Yes No 348 99,711 3490 1.29 (1.15-1.46)
No Yes 383 18,493 207.11 1.97 (1.75-2.21)
Yes Yes 123 5947 206.83 2.15 (1.79-2.60)
P for trend <0.0001
Variable
AD CAD
No No 929 395,993 23.46 1.00 0.5616
Yes No 247 97,631 2530 1.17 (1.02-1.35)
No Yes 568 24,969 227.49 1.83 (1.64-2.04)
Yes Yes 224 8027 279.05 2.27 (1.96-2.64)
P for trend <0.0001
Variable
AD AF
No No 1443 419,626 34.39 1.00 0.5995
Yes No 456 105,295 43.31 1.27 (1.14-1.41)
No Yes 54 1336 404.30 1.97 (1.50-2.59)
Yes Yes 15 363 41298 2.14 (1.29-3.56)
P for trend <0.0001
Variable
AD Hyperlipidemia
No No 1030 388,463 26.51 1.00 0.4878
Yes No 301 94,751 31.77 1.26 (1.11-1.44)
No Yes 467 32,498 143.70 1.55 (1.39-1.73)
Yes Yes 170 10,907 155.86 1.81 (1.54-2.13)

P for trend <0.0001

Model adjusted for age and sex. PY's = Person-years; Rate = Incidence rate,
per 10,000 person-years, AD = Atopic dermatitis; DM = Diabetes mellitus;
CAD = Coronary artery disease; AF = Atrial fibrillation; HR = Hazard

ratio; CI = Confidence interval

is compatible with the fact that atopic diseases are less frequent
with increasing age. Although AD usually presents during
early age, it can persist into or start in adulthood.?® In this study,
the AD group was associated with higher rate of comorbidity
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including HTN, DM, CAD, AF, and hyperlipidemia compared
to the control group. In one study, disruption of lipid and sugar
metabolism in the liver was found in AD animal.?® Besides,
studies have shown that significant stress*® caused by AD
can not only influence mental defects but can also influence
other pathological conditions such as metabolic syndrome®!
and cardiovascular diseases.’> These results can support the
findings in our study that the patients with AD have higher
incidence of comorbidities for stroke. Table 4 showed the
interaction effect between AD and comorbidity contributing
to stroke risk. The nonsignificant interaction between AD
and comorbidities means that AD and other comorbidities
influence the ischemic stroke risk independently. However,
AD in a combination of traditional risk factors of stroke may
further potentiate the stroke risk. AD and these traditional
risk factors for stroke may possibly involve inflammatory
mechanisms both in the periphery and in the central nervous
system which finally result in thrombotic events.

We hypothesized that AD may initiate a systemic
inflammatory reaction, which causes disordered coagulation
and platelet activation and lead to subsequent ischemic stroke.
Moreover, the inflammatory process caused by AD may
be important both before, in predisposing to a stroke, and
afterward, where it is related to the outcome and prognosis.

Notably, a recent nationwide, population-based study
demonstrated that patients with AD had an increased risk
of ischemic stroke.*® The adjusted HR was 1.33 (95%
CI, 1.12-1.59; P = 0.001). However, the study excluded
patients who aged <20. Actually, AD has been well known
to have a higher prevalence in younger age groups, and the
percentage of patients with AD who aged <20 were 34.8%
in our study. Enrollment of AD patients with all age groups
can reflect the real AD population group. In addition, the
follow-up period was longer in our study (4-11 years vs.
1-5 years). Longer follow-up period is needed to detect
stroke development.

An important strength of this study was the use of a
population-based data set that allows inclusion of all cases of
AD and stroke during the designated study period. We were
able to obtain a well-matched control group without AD
from the same population for the long follow-up period of
4-11 years. However, this study has several limitations. First,
LHID does not contain detailed information regarding clinical,
laboratory, and image examinations. The potential risk factors
for stroke, such as obesity, alcohol use, smoking habit, genetic
background, family history of stroke, and sedentary lifestyle,
were not available. The association risk between AD and stroke
may be mediated by the above risk factors or even confounded
by them. Second, data used in the present study do not include
medications that may impact on stroke risk. Medications such
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Table 5: Incidence and adjusted hazard ratio of stroke stratified by numbers of clinical visits for atopic dermatitis

Numbers of clinical visits for AD Event PYs Rate HR (95% CI) Adjusted HR (95% CI)

Comparison cohort 43 1,363,377 0.32 Reference Reference

AD cohort (times)
<10 16 301,852 0.53 1.14 (1.02-1.27)** 1.08 (0.97-1.20)**
10-19 8 28,749 2.78 15.68 (10.79-22.78)*** 6.02 (4.13-8.76)***
>20 13 15,658 8.30 57.45 (35.62-92.66)*** 19.82 (12.23-32.13)***

**P<0.01, ***P<0.001. Model adjusted for age, sex, and comorbidity. PYs = Person-years; Rate = Incidence rate, per 10,000 person-years; AD = Atopic

dermatitis; HR = Hazard ratio; CI = Confidence interval

as antihistamine and corticosteroids are commonly prescribed
in AD. These kinds of medications are reported to influence the
fibrin clots formation.’** Third, we used numbers of clinical
visits for AD as “surrogate markers” of disease severity of
AD. The disease severity evaluated by the scoring tools such
as Scoring AD,* three-Item Severity’’ could not be acquired
based on the LHID. Furthermore, we did not include asthma
or other allergic disorders as comorbidities in our analysis.
Previous studies had found that patients with AD often have
concomitant asthma and other allergic disorders,*® which had
been supposed as possible independent risk factors or possible
confounder for stroke.®

CONCLUSIONS

AD was associated with an increased risk for developing
ischemic stroke but not hemorrhagic stroke. The severity of
AD was significantly correlated with the risk of subsequent
stroke. Patients with AD were associated with higher rate of
HTN, DM, CAD, AF, and hyperlipidemia, but AD and these
comorbidities influence the ischemic stroke risk independently.
Future prospective study of patients with AD is warranted to
expand and confirm results of the present study regarding the
impact of AD on ischemic stroke risk.
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