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ABSTRACT

Introduction: Atopic dermatitis (AD) is a sys-
temic inflammatory condition that may
increase the risk of cardiovascular disease
(CVD); however, ongoing debate exists sur-
rounding its direct association. We aimed to
elucidate whether AD contributes to a higher
incidence of CVD and major adverse cardio-
vascular events (MACE) in adult patients with
AD, independent of metabolic disorders.

Methods: We retrospectively analyzed a large
US-based population of patients with AD
(C 18 years of age). Logistic regression esti-
mated the risk of CVD and MACE in adult
patients with AD, independent of metabolic
disorders (including diabetes, hypertension,
and obesity).
Results: The odds ratio (OR; 95% confidence
interval [CI]) for patients without metabolic
disorders was 1.25 (1.13, 1.39) for CVD and 1.22
(1.01, 1.47) for MACE. The OR (95% CI) for AD
patients with metabolic disorders was 1.09
(1.07, 1.12) for CVD and 1.14 (1.09, 1.18) for
MACE. This trend was even more pronounced
after long-term follow-up (C 3 years). Lifestyle
and health behavioral factors of the subjects
were not available in the dataset. The lack of
control for these factors could potentially con-
found our results.
Conclusions: Atopic dermatitis may contribute
to the risk of developing CVD and MACE in
adults, independent of metabolic disorders.
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Key Summary Points

Why carry out this study?

The link between atopic dermatitis (AD) and
cardiovascular disease (CVD) remains
unclear

We retrospectively analyzed a large US-based
population of patients with AD to assess
whether AD is associated with CVD

What was learned from this study?

Patients with AD appeared to be at greater
risk of CVD than non-AD patients,
independent of concomitant metabolic
disorders, and this trend was more
pronounced in patients with longer
(C 3 years) follow-up

Effective treatment of AD may reduce future
risk of CVD; this needs to be confirmed with
prospective longitudinal studies

INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing,
inflammatory skin disease that is clinically
characterized by intense pruritus, xerosis, and
eczematous lesions; it has a prevalence of about
2–10% in adults in the USA [1–4]. AD is associ-
ated with immune dysregulation and skin bar-
rier dysfunction, and increasing evidence
supports AD as a systemic inflammatory disease
rather than just a cutaneous disease [5].

For patients with rheumatoid arthritis and
psoriasis, the inflammatory nature of their dis-
ease has been suggested to contribute to an
increased risk of developing cardiovascular dis-
ease (CVD) [6–8]. While the underlying mech-
anisms of the inflammatory component of AD
appear to differ from those of psoriasis [5], AD
has also been associated with a blood signature
of increased inflammatory and cardiovascular
(CV) risk proteins, including C-reactive protein
[5, 9]. This systemic inflammatory component

of AD, which contributes to the ‘‘inflammatory
skin march,’’ may also be involved in the
development and increased prevalence of
comorbidities such as CVD and metabolic syn-
drome [10]; in a recent retrospective study of
195 adults and children with AD, 29% also had
CVD and 9% had metabolic syndrome. Patient
age has been found to correlate positively with
both comorbidities, and a significant positive
correlation has also been found between meta-
bolic syndrome and CVD [11].

Adults with AD were found to have a larger
number of CV risk factors than those without
AD in a study of 34,525 adults in the USA aged
18–85 years, identified from the 2012 US
National Health Interview Survey (NHIS), con-
firming results of a previous 2010 NHIS study of
27,157 adults in the USA [12]. Adults with AD
also appear to have an increased risk of coronary
artery disease, myocardial infarction (MI), con-
gestive heart failure, angina, stroke, and
peripheral vascular disease (PVD) compared
with controls, based on results from a multi-
variate analysis adjusting for baseline charac-
teristics of data from the 2005–2006 National
Health and Nutrition Examination Survey
(NHANES; n = 4970), 2010 NHIS, and 2012
NHIS [12]; these data were also supported by
several other studies that evaluated CV risk
factors in patients with AD [13–17]. Regardless
of this observed increase in CVD events in
patients with AD, it is yet to be elucidated
whether the systemic inflammatory nature of
the disease itself is responsible, or whether it is
merely due to the existence of comorbidities
such as metabolic disorders and associated CV
risk factors.

In this study, our goal was to assess major
adverse cardiovascular events (MACE) and CVD
events in patients with and without metabolic
disorders, within a large cohort of adult patients
with AD in the USA.

METHODS

Data Source and Study Design

Data were derived from the Truven Health
MarketScan� database between 1 January 2008,
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and 31 December 2014 (observation period).
The first recorded diagnosis of AD during the
observation period was the index date and the
12 months prior to the index date served as the
baseline period. For patients in the control
cohort, the index date was selected at random
from within the study observation period, and a
12-month ‘lookback’ was done to ensure eligi-
bility. This study was approved by the Sanofi
and Regeneron Alliance internal protocol
review committee.

Study Population

The study population comprised two cohorts:
an AD cohort of adults (C 18 years of age) who
had C 2 AD diagnosis codes (International
Classification of Diseases, Ninth Revision [ICD-
9] code 691.8; https://www.cdc.gov/nchs/icd/
icd9.htm) during the observation period, and a
non-AD control cohort of adults without a
diagnosis of AD. Patients with AD were matched
to non-AD controls based on age, sex, index
date, and duration of follow-up. For inclusion in
the study, patients were required to have been
enrolled continuously during the baseline per-
iod (i.e., the 12 months immediately prior to
the index date). Patients with CVD or MACE
during the 12-month baseline period were
excluded from the analysis.

Outcomes

Outcomes were the first post-index diagnosis of
CVD or MACE in patients with AD and non-AD
controls. CVD was defined as a diagnosis of
cerebrovascular disease (ICD-9 codes: 362.34,
430, 431, 432, 433, 434, 435, 436, 437, 438), MI
(ICD-9 codes: 410, 412), coronary heart disease
(ICD-9 codes: 440.2, 440.3, 440.4, 440.9, 443.9),
congestive heart failure (ICD-9 codes: 398.91,
402.01, 402.11, 402.91, 404.01, 404.03, 404.11,
404.13, 404.91, 404.93, 425.4, 425.5, 425.7,
425.8, 425.9, 428), peripheral artery disease
(ICD-9 codes: 4402, 4403, 4404, 4409, 4439),
atherosclerosis (ICD-9 code: 440), stroke (ICD-9
codes: 433.x1, 434.x1), or PVD (ICD-9 codes:
0930, 4373, 440, 441, 4431, 4432, 4438, 4439,
4471, 5571, 5579, V434).

MACE included diagnoses of MI (ICD-9
codes: 410.xx, 410.x1), stroke (ICD-9 codes:
433.x1, 434.x1), angina with hospitalization
(ICD-9 codes: 411.1, 411.81), and coronary
revascularization procedure (ICD-9 codes:
36.0x, 36.1x, 36.2x, 36.3x, 00.66; Current Pro-
cedural Terminology codes: 33510–33529,
33531–33536, 92982, 92984, 92995, 92996,
92980, 92981; Healthcare Common Procedure
Coding System codes: S2205–S2209, G0290,
G0291).

To further understand potential clinically
relevant factors that contribute to CV risk,
patients with AD and non-AD controls were
stratified by the presence of metabolic disorders
pre-index and/or during follow-up, consisting
of diabetes, hypoglycemia, hyperlipidemia, cal-
cium metabolism disorders, hypertension, obe-
sity, and tobacco use.

A sub-population of patients with C 3-year
follow-up was also evaluated to determine the
long-term risk of CVD and MACE in AD patients
with or without metabolic disorders.

Statistical Analyses

Logistic regression was used to estimate the
odds ratio (OR) and 95% confidence interval
(CI) to describe the risk of CVD and MACE
associated with AD in the analysis of the entire
population.

RESULTS

Baseline Characteristics

Of the 151,440,372 patients identified in the
Truven Health MarketScan� database during
the observation period, 132,460 patients met
the inclusion criteria of C 2 claims for
AD, C 18 years of age, and 12-month pre-index
continuous enrollment period. Of the
149,204,692 patients with no AD claims,
397,380 patients were matched as non-AD
controls by age, sex, index date, and follow-up
(Fig. 1).

Demographic characteristics for patients in
the AD cohort and the non-AD control cohort
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are provided in Table 1. In both cohorts, the
mean (standard deviation) age was 47.2 (17.5)
years and 62.9% were female (Table 1). The
majority of patients in the AD cohort (84.5%)
and in the control cohort (83.9%) were enrolled
in commercial or Medicare insurance plans.
There was a slightly higher prevalence of
metabolic disorders in the AD cohort than in
the control cohort, including a slightly higher
frequency of tobacco use in AD patients than in
controls. The geographical distribution across
the USA was similar between both cohorts.

Overall Risk of CVD

Following the exclusion of patients with a his-
tory of CVD events during the 12 months
immediately prior to the index date, 119,579
and 368,577 patients remained in the AD

cohort and control cohort, respectively (Fig. 1).
Mean follow-up for AD patients with CVD was
706.0 days compared with 763.4 days for non-
AD controls. The overall incidence of CVD
during follow-up was 8.4% and 6.3% for the AD
cohort and control cohort, respectively, with an
OR (95% CI) of 1.38 (1.34, 1.41) (Table 2).

Overall Risk of MACE

Following the exclusion of patients with a his-
tory of MACE events in the 12 months imme-
diately prior to the index date, 130,427 and
392,406 patients remained in the AD cohort
and control cohort, respectively (Fig. 1). Mean
follow-up for AD patients with MACE was
706.1 days compared with 763.6 days for non-
AD controls. The overall incidence of MACE
during follow-up was 2.6% and 1.9% for the AD

MarketScan® 2007–2014
n = 151,440,372

AD claims (first claim = index date) 
n = 606,360

With 12 months' pre-index continuous enrollment 
n = 140,364

Control cohort matched by age, 
sex, index date, and follow-up period

n = 397,380

≥ 18 years old

≥ 2

n = 265,725

AD cohort 
n = 132,460

AD analysis cohort
excluding patients 

with a history of
CVD 12 months

pre-index
n = 119,579

AD analysis cohort
excluding patients 

with a history of
MACE 12 months

pre-index
n = 130,427

Control cohort
excluding patients
with a history of
CVD 12 months

pre-index
n = 368,577

Control cohort
excluding patients 

with a history of
MACE 12 months 

pre-index
n = 392,406

No AD claims
n = 149,204,692

Fig. 1 Flowchart of study cohort selection. Patients were
selected from the MarketScan� database from 2007 to
2014 as part of the AD cohort if they had at least two AD
claims, or as part of the non-AD cohort if they had no AD
claims. Patients with AD were matched with non-AD

controls by age, sex, index date, and follow-up period.
Patients with a known history of CVD or MACE were
excluded from the study. AD atopic dermatitis, CVD
cardiovascular disease, MACE major adverse cardiovascular
events
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cohort and control cohort, respectively, with an
OR (95% CI) of 1.40 (1.34, 1.45) (Table 2).

Risk of CVD and MACE in Patients With
and Without Metabolic Disorders

In general, patients with metabolic disorders, in
both the AD cohort and control cohort, had a
higher incidence of CVD and MACE than
patients without metabolic disorders (Table 2).
However, the ORs estimating the risk of CVD
and MACE in AD patients versus non-AD

controls were higher in patients without meta-
bolic disorders than in those with metabolic
disorders (Table 2).

Risk of CVD and MACE in Patients With
Long-Term Follow-Up

Long-term follow-up (C 3 years) was available
for 25.0% and 29.3% of patients in the AD
cohort and control cohort, respectively. Mean
follow-up for AD patients with CVD and MACE
was 1598.4 and 1624.6 days, respectively. Mean
follow-up for non-AD controls with CVD and
MACE was 1597.5 and 1623.4 days, respec-
tively. Overall, the estimated OR (95% CI)
indicated that patients with AD were 1.76 (1.69,
1.82) and 1.68 (1.58, 1.78) -fold more likely to
develop CVD and MACE, respectively, than
non-AD controls (Table 2).

The increased risk of CVD and MACE in
patients without metabolic disorders compared
with those with metabolic disorders was even
more pronounced in the long-term (C 3 years)
follow-up. The OR (95% CI) for the AD cohort
and control cohort without metabolic disorders
was 1.41 (1.15, 1.71) for CVD and 1.46 (1.01,
2.10) for MACE, whereas the OR (95% CI) for
the AD cohort and control cohort with meta-
bolic disorders was 1.33 (1.28, 1.38) for CVD
and 1.30 (1.23, 1.39) for MACE (Table 2).

DISCUSSION

Our retrospective study based on data from the
Truven Health MarketScan� database found
that, in a predominantly insured US patient
population, adult patients with AD are at an
increased risk of developing CVD and MACE
compared with non-AD controls, a trend that
became more pronounced in the longer-term
(C 3 years) follow-up. Indeed, patients with AD
were found to have a 1.38- and 1.40-fold greater
risk of developing CVD and MACE, respectively,
than non-AD controls. Furthermore, at C

3 years of follow-up, patients with AD were
found to have a 1.76- and 1.68-fold greater risk
for developing CVD and MACE, respectively,
than non-AD controls.

Table 1 Demographic characteristics of atopic dermatitis
and matched control cohorts

Demographic
characteristics

AD cohort
(n = 132,460)

Control cohort
(n = 397,380)

Female, % 62.9 62.9

Mean (SD) age,

years

47.2 (17.5) 47.2 (17.5)

Commercial/

Medicare, %

84.5 83.9

Metabolic disorders at baseline, %

Diabetes 10.4 9.4

Hypoglycemia 0.9 0.6

Hyperlipidemia 27.5 20.2

Calcium

metabolism

disorder

0.6 0.4

Hypertension 28.8 22.9

Obesity 5.3 3.3

Tobacco 3.4 2.5

Geographical distribution according to region of the USA,

%

Northeast 18.3 14.5

North Central 20.1 26.0

South 35.2 37.8

West 25.2 20.2

AD atopic dermatitis, SD standard deviation
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It remains unclear whether the inflammatory
nature of AD contributes to the higher risk of
CVD in patients with AD or whether it is merely
due to the existence of comorbidities, such as
metabolic disorders. For example, some studies
have attributed the increase in MI and stroke
among patients with AD to the increased
prevalence of metabolic disorders and associ-
ated lifestyle factors, rather than to AD itself
[14, 18]. Plausibly, this debate arises as meta-
bolic disorders and the associated sedentary
lifestyle, cigarette smoking, and alcohol con-
sumption are known CV risk factors that are
prevalent in the adult AD population [12, 19].

The association between AD and metabolic
disorders remains unclear owing to conflicting
reports. Whereas the authors of one study claim
that it seems unlikely the association is causal
[20], those of another study suggest that the
disturbance in lipid metabolism observed in
metabolic disorders may lead to skin defects
that contribute to AD [21]. Nevertheless,
patients with AD continue to have metabolic

disorders more often than those without AD
[22].

To better understand the contribution of
metabolic disorders to the CVD and MACE risk
seen in patients with AD, we further stratified
patients by presence of metabolic disorders.
Consistent with previous findings, we observed
that patients with metabolic disorders had a
greater incidence of CVD and MACE than those
without metabolic disorders [19]. Interestingly,
however, the estimated risk of developing CVD
and MACE was higher for AD patients without
metabolic disorders than for those with meta-
bolic disorders. This trend was greatly pro-
nounced in the long-term (C 3 years) follow-up,
at which the risk of developing CVD and MACE
was estimated to be 1.41- and 1.46-fold greater,
respectively, for AD patients without metabolic
disorders than for non-AD controls without
metabolic disorders. These results suggest that
AD may in fact contribute to the risk of devel-
oping CVD, independent of metabolic
disorders.

Table 2 Risk of cardiovascular disease and and major adverse cardiovascular events in patients with AD

Risk of CVD and MACE in study populations CVD MACE

AD
cohort

Control
cohort

OR (95% CI) AD
cohort

Control
cohort

OR (95% CI)

Incident, overall population, n 130,427 392,406 1.38 (1.34, 1.41) 130,427 392,406 1.40 (1.34, 1.45)

% with event 8.4% 6.3% 2.6% 1.9%

Patients with metabolic disorders, n 79,199 191,699 1.09 (1.07, 1.12) 89,657 214,137 1.14 (1.09, 1.18)

% with event 12.1% 11.2% 3.7% 3.3%

Patients without metabolic disorders, n 51,228 200,707 1.25 (1.13, 1.39) 40,770 178,269 1.22 (1.01, 1.47)

% with event 1.2% 0.9% 0.3% 0.3%

Long-term (C 3 years) follow-up population

Overall population, n 29,900 108,058 1.76 (1.69, 1.82) 29,900 108,508 1.68 (1.58, 1.78)

% with event 17.0% 10.4% 5.2% 3.1%

Patients with metabolic disorders, n 22,195 61,421 1.33 (1.28, 1.38) 24,573 67,320 1.30 (1.23, 1.39)

% with event 20.5% 16.3% 6.2% 4.8%

Patients without metabolic disorders, n 7705 46,637 1.41 (1.15, 1.71) 5327 41,188 1.46 (1.01, 2.10)

% with event 2.2% 1.4% 0.7% 0.5%

AD atopic dermatitis, CI confidence interval, CVD cardiovascular disease, MACE major adverse cardiovascular events, OR odds ratio
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Previous studies show conflicting results as
to the link between AD and CVD. For example,
the authors of a population-based Danish study
that analyzed 2527 patients (aged C 15 years)
with severe AD concluded that the risk of CVD
in patients with severe AD (when adjusted for
CV risk factors such as socioeconomic status,
smoking, comorbidities, and medication use)
was similar to that of the general population
[18]. By contrast, 4814 patients with AD were
selected in a larger population-based Danish
study that found AD patients were 1.74-fold
more likely to develop MI than non-AD con-
trols, when adjusted for CV risk factors [17].
Furthermore, a larger population-based study
with a cohort of 387,439 adult (C 18 years)
patients with AD carried out in the UK found
that patients with severe and active AD were at
greater risk of CVD than patients without AD
[15]. Specifically, the authors of this study
reported that patients with severe AD had a 20%
increase in the risk of stroke; 40–50% increase in
the risk of MI, unstable angina, atrial fibrilla-
tion, and CV death; and 70% increase in the risk
of heart failure.

Through our approach of analyzing the risk
of CVD and MACE in a large cohort of patients
with AD and non-AD controls by the presence
of metabolic disorders, we were able to shed
some light on the ongoing debate around the
direct association between the inflammatory
nature of AD and CVD. We found that,
although AD patients with metabolic disorders
had a higher incidence of CVD and MACE, AD
patients without metabolic disorders (including
obesity and tobacco use) showed a higher risk of
CVD and MACE than non-AD controls. There-
fore, the results of this large, real-world, retro-
spective cohort study suggest that the systemic
inflammatory nature of AD, rather than under-
lying metabolic disorders, may be linked
directly to the increased risk of CVD and MACE
in patients with AD, similar to available evi-
dence for rheumatoid arthritis and psoriasis
[6, 7].

Our study has some limitations that need to
be considered when interpreting the results.
Owing to the nature of the data source (i.e., a
large retrospective database), outcome misclas-
sification is likely because patients were

identified through administrative claims data
for reimbursement purposes as opposed to
medical records. We could have missed some
events or mistakenly identified some patients as
having had the event. But these misclassifica-
tions are most likely to be nondifferential,
which would not have impact on our conclu-
sion. We were also not able to control for life-
style and health behavior factors of the subjects,
thus leading to confounding of our results.
Additionally, the generalizability of our find-
ings may be limited because the MarketScan�

database contains data from patients who were
enrolled in commercial or Medicare insurance
plans paid for by employers, thereby excluding
patients without insurance or other forms of
insurance. Finally, exclusion of some patients
diagnosed with AD may have occurred as C 2
ICD-9 codes were used to improve the accuracy
of identifying the AD cohort. Using more than
one occurrence of an ICD-9 code to identify AD
has been shown to improve specificity [23],
ensuring that our cohort of AD patients were
more likely to be ‘true’ AD patients.

Despite the above limitations, our study—
owing to the large sample size, long-term fol-
low-up, and assessment of outcomes with or
without metabolic disorders—provides valuable
evidence to support a potential direct link
between the inflammatory nature of AD and the
increased risk of CVD in patients with AD.
Further studies to confirm this association and
to identify factors to mitigate the risk (i.e.,
whether effective AD treatments may reduce
this risk) are warranted.

CONCLUSIONS

Adults with AD appear to be at greater risk of
CVD and MACE than adults without AD. The
risk associated with AD was increased even
when accounting for the presence of metabolic
disorders, and was especially evident among
patients with a longer duration of follow-up.
Additional studies are warranted to confirm
these associations and explore whether effective
control of AD helps reduce future risk of CVD
and MACE.
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