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SIGNIFICANCE
Studies show conflicting results regarding the association 
between atopic dermatitis and cardiovascular disease. The 
aim of this study was to investigate the association bet-
ween atopic dermatitis and angina pectoris, myocardial 
infarction, or ischaemic stroke in a nationwide, register-
based, case-control study among Swedish patients aged 15 
years or older. Adult patients with atopic dermatitis were 
found to have a positive association with angina pectoris, 
myocardial infarction, and ischaemic stroke, compared with 
the general population. The association between atopic 
dermatitis and cardiovascular disease was attenuated after 
adjustment for cardiovascular comorbidities and education.

The associations between atopic dermatitis (AD) and 
cardiovascular disease (CVD) are debated. The aim of 
this study was to investigate the association between 
AD and coronary artery disease or ischaemic stroke 
in a nationwide, register-based, case-control study 
(104,832 AD cases, 1,022,435 controls) based on link-
age of Swedish national register data between 1968 
and 2016. Patients were classified as having severe 
AD if they had received systemic pharmacotherapy for 
AD or had been treated in a dermatological ward with 
AD as the main diagnosis. Other AD was classified as 
non-severe. After multivariable adjustments for co-
morbidities and socioeconomic status, overall AD was 
associated with angina pectoris (adjusted odds ratio 
(aOR) 1.13, 95% confidence interval (CI) 1.08–1.19), 
but among males with severe AD this association was 
not found, compared with the general population. Male 
non-severe AD was associated with myocardial infarc-
tion (OR 1.15, 95% CI 1.07–1.23). Severe AD was as-
sociated with ischaemic stroke, with similar estimates 
in men and women (aOR 1.19, 95% CI 1.07–1.33). 
Subgroup analyses among women indicated smoking 
as an important risk factor among severe cases. Dia-
betes mellitus, hyperlipidaemia, and hypertension 
were more prevalent in severe AD than in controls, 
and hyper lipidaemia and hypertension were also more 
prevalent in non-severe AD than in controls. In conclu-
sion, in this study, AD was associated with CVD, and 
this should be kept in mind, especially when managing 
patients with severe AD.

Key words: angina pectoris; atopic dermatitis; coronary artery 
disease; comorbidity, eczema; myocardial infarction; stroke.
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Atopic dermatitis (AD) is a common chronic inflam-
matory skin disorder with a lifetime prevalence of 

10–20% in developed countries (1, 2). The pathogenesis 
of AD is complex, with interactions of multiple genetic, 
biological and environmental factors leading to skin 
barrier dysfunction and altered immunological response. 
AD can have a severely negative impact on health-related 
quality of life, including self-confidence and sleep, and it 
also implies a socioeconomic burden, with loss of work-
ing days and extensive use of healthcare resources (3).

Associations between AD and atopic comorbidities, 
such as asthma, allergic rhinitis, and food allergies, are 
well-established (1). In recent years, several studies 
have explored associations between AD and non-atopic 
comorbidities; for example, cardiovascular disease. It 
has been suggested that the chronic systemic inflam-
mation in patients with AD may trigger arteriosclerosis 
and cardiovascular disease, in line with the observed 
risks among patients with psoriasis (4, 5). However, a 
meta-analysis using adjusted effect estimates reported no 
association between AD and myocardial infarction, hy-
pertension, diabetes mellitus, or stroke, although a modest 
association with angina pectoris was found. The authors 
concluded that variations in risk factors, such as obesity 
and smoking, might explain positive associations in dif-
ferent populations, and that AD is unlikely to represent 
an independent risk factor for cardiometabolic disease 
(6). On the other hand, most of the studies included were 
cross-sectional and, in some, the AD diagnosis was based 
on questionnaires not specific for AD. Furthermore, in a 
large population-based study from the UK, patients with 
severe AD had a significantly higher risk of stroke and 
cardiac outcomes (7). Also, a recent systematic review 
and meta-analysis found that significant associations 
between AD and cardiovascular outcomes were more 
common in cohort studies, but with between-study hete-
rogeneity, and that increasing AD severity was associated 
with cardiovascular outcomes (8). Thus, in summary, 
epidemiological studies have shown conflicting results.

The aims of this study, using well-established nation-
wide Swedish healthcare registries, were to assess the 
association between AD at age 15 years or older and 
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coronary artery diseases (CAD; i.e. angina pectoris and 
myocardial infarction (MI)) or ischaemic stroke, and to 
determine whether the magnitude of any such associa-
tions varied with severity of AD.

METHODS

Study design and study population

A nationwide, register-based, case-control study was conducted 
based on linkage of Swedish national register data between 1968 
and 2016 to assess cardiovascular (CVD) comorbidity and mortality 
among patients with AD. The source population comprised Swedish 
patients aged 15 years or older between the years 1968 and 2016. 
All patients with an inpatient diagnosis of AD (from 1968) or an 
outpatient diagnosis of AD (from 2001) through 2016 were included 
in the study population. The use of the unique personal identifica-
tion numbers assigned to all individuals living in Sweden allowed 
record linkage to several national registers, as described below. 

AD was defined in accordance with the International Classifi-
cation of Diseases (ICD) (ICD-8 between 1968 and 1986: 691, 
ICD-9 between 1987 and 1996: 691, and ICD-10 from 1997: 
L20.0–L20.9). The National Patient Register (NPR), which in-
cludes information on inpatient care from 1964 and outpatient, 
non-primary care from 2001, was used to identify suitable patients. 
Patients were classified as having severe AD if they had received 
systemic pharmacotherapy for AD (methotrexate, azathioprine, 
cyclosporine, and/or mycophenolate mofetil) or if they had been 
treated in a dermatological ward with AD as their main diagnosis. 
Other AD was classified as non-severe. Exclusion criteria for the 
AD cases were reused IDs and/or persons with incomplete records.

For comparison, 10 randomly selected age- and sex-matched 
control subjects were identified from the Total Population Register 
(TPR) for each case of AD. Some controls did not have complete 
records and the pregnancy criterion resulted in a major reduc-
tion in participants in the subgroup analysis (Fig. 1). Therefore, 
the control-to-case ratio was increased to 10:1 in order to obtain a 
ratio of approximately 5:1 in the final analysis. Exclusion criteria 
for the controls were: reused IDs, persons with incomplete records, 
and AD diagnosis before age 15 years. Information on dispensed 
drugs was collected from the Swedish Prescribed Drug Register 
(data available from July 2005). The comorbidities CAD and 
ischaemic stroke were identified using ICD codes from NPR and 
the Swedish Death Register (see Table SI1 for ICD codes used). 
The data was used in the linkage between registries. 

Definitions of covariates

The highest attained level of education was included as a proxy 
for socioeconomic status and obtained from the Longitudinal 
Integrated Database for Health Insurance and Labour Market 
Studies (LISA) (9). 

Education was categorized into 3 groups: ≤ 9, 10–12 and > 12 
years of education.

Data on smoking and body mass index (BMI) were available 
from the Medical Birth Register (MBR) for the subgroup of women 
registered for antenatal care between 1982 and 2016. Light smo-
king was defined as 1–9 cigarettes/day and heavy smoking as ≥ 10 
cigarettes/day. BMI was categorized as underweight (< 18.5 kg/
m2), normal weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/
m2) or obese (≥ 30 kg/m2). For mothers with more than one child 
and multiple registrations in MBR, data on the highest number of 
cigarettes/day and the highest BMI were included.

In accordance with the ICD classifications, patients were clas-
sified as having diabetes mellitus if they were treated with insulin 
or oral hypoglycaemic agents, or had documented hyperglycaemia 
with dietary restrictions.

Statistics Sweden (SCB) maintains the TPR and LISA, while 
the National Board of Health and Welfare maintains the other 
registers used in this study.

Statistical analyses

Conditional logistic regression was conducted to calculate sex- and 
age-adjusted crude and adjusted odds ratios (OR) with 95% CI as 
estimates of the association between AD and CAD or ischaemic 
stroke in relation to controls. Multivariate models were adjusted for 
comorbidities (diabetes mellitus, hyperlipidaemia, hypertension) 
and education level. Stratified analyses and visually evaluated 
effect modifications were conducted. We did not find any such 
association for the comorbidities diabetes mellitus, hyperlipidae-
mia, or hypertension. For associations between AD and CVD, 
each covariate was included (diabetes mellitus, hyperlipidaemia, 
hypertension, smoking, BMI, and education) separately, to test 
for confounding. The adjusted estimates differed from the crude 
estimates by >10% for hypertension and smoking, but not for 
education, diabetes mellitus, hyperlipidaemia, or BMI. In line with 
previous studies, education, diabetes mellitus, hyperlipidaemia, 
and hypertension were included in the final adjustment model. 
Smoking and BMI were also added for a subgroup of women in 
secondary multivariate models. Outcomes and covariates were 
compared between cases/controls using Pearson’s χ2 test and 
Student’s t-test for independent samples. Emigration, where people 
who have moved abroad could get a cardiovascular disease with-
out us knowing, did not change the result. The analyses were not 
adjusted for multiple hypothesis testing (10) and were conducted 
using SPSS, version 20 (IBM, Armonk, NY, USA).

Fig. 1. Study flow chart. *Mainly missing education level. **Reused 
personal numbers, controls with atopic dermatitis (AD) before age 15 years. 
***The pregnancy criterion resulted in a major reduction of participants. 
Controls had to be pregnant during the period of interest and they also 
had to be matched to a case that had been pregnant during the period of 
interest. BMI: body mass index.

 

Matches 

Swedish population 
age > 15, 1968–2016 

5,311,197  

Matches 

Controls 
(remaining population) 

1,076,570 

Cases 
 

107,657 

Excluded due to incomplete 
records*: 
Cases 2,669  
Controls 34,198 
Excluded due to other 
reasons**: 
Cases 147 
Controls 7,009 

Excluded: 
Cases lacking controls 9  
Controls lacking cases 
12,928 Cases 

104,832 
Tab. I, Tab. II

Controls 
1,022,435 

Cases 
 

31,119 

Excluded due to missing 
data on smoking/BMI: 
Cases 3,138 
Controls 30,850 

Controls 
 

301,218 
Excluded: 
Cases lacking controls 499 
Controls lacking cases 
106,571 

Cases 
30,620 

Controls*** 
194,647 

Cases 
 

104,841 

Controls 
 

1,035,363 

Mothers registered at antenatal care 1982–2016 
366,325 

Cases 34,257      Controls 332,068 

Tab. I, Tab. II

Tab. III, Tab. IV Tab. III, Tab. IV
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Ethics

The study was approved by the Regional Ethics Review Board, 
Stockholm (2016/2496-31). All data were anonymized before 
analysis.

RESULTS

In total, 107,657 patients with AD were identified. After 
applying the exclusion criteria, 104,832 patients with AD 
and 1,022,435 matching controls remained, as shown in 
the flow chart (Fig. 1). The characteristics of the cases and 
the matched controls are shown in Table I. Most cases 
were identified as non-severe (95,274; 91%). There was 
a female predominance among both non-severe (66.2%) 
and severe (64.3%) cases of AD.

Overall

The associations between AD and CAD or ischaemic 
stroke are presented in Table II. In the primary analysis, 
there were significant associations between AD and 
angina pectoris (OR 1.18, 95% CI 1.13–1.23), MI (OR 
1.10, 95% CI 1.04–1.15), and ischaemic stroke (OR 
1.07, 95% CI 1.02–1.13). These associations decreased 
in the adjusted model: angina pectoris (aOR 1.13, 95% 
CI 1.08–1.19), MI (aOR 1.07, 95% CI 1.02–1.12), and 
ischaemic stroke (aOR 1.04, 95% CI 0.99–1.09).

Mean age at first ischaemic stroke or at death from 
ischaemic stroke was lower in patients with AD than 
in controls (severe cases: 67.1 vs. 68.5 years, p = 0.048; 
non-severe cases: 66.1 vs. 67.2 years, p = 0.013; Table I), 

Table I. Characteristics of the study population. Patients with atopic dermatitis divided into severe cases and non-severe cases

Variable
Severe cases
n = 9,558

Controls
n = 93,013

p-value
(t-test, χ2)

Non-severe cases
n = 95,274

Controls
n = 929,422

p-value
(t-test, χ2)

Sex 0.860  0.644
  Women, n (%) 6,149 (64.3) 59,923 (64.4)  63,101 (66.2) 616,257  (66.3)
Age at first AD diagnosis after age 15, mean  ±  SD 36.0  ±  17.7  34.7  ±  17.8
Age at first AD diagnosis after age 15, median (range) 31.0 (15–79)  29 (86.0)
Age at end of study (years), mean  ±  SD 53.5  ±  15.7 53.8  ±  15.8 0.070  41.0  ±  16.7 41.3  ±  16.8 < 0.001
Age at end of study (years), median (range) 54.0 (15.0–80.0) 54.0 (15.0–85.0)  37.0 (15.0–86.0) 37.0 (15.0–89.0)
Years of education, n (%) < 0.001  < 0.000
  ≤9 years 1,889 (19.8) 19,442 (20.9)  13,730 (14.4) 158,116 (17.0)
  9–12 years 4,634 (48.5) 41,698 (44.8)  41,484 (43.5) 414,079 (44.6)
  >12 years 3,035 (31.8) 31,873 (34.3)  40,060 (42.0) 357 227 (38.4)
Diabetes mellitus, n (%) 757 (7.9) 5,844 (6.3) < 0.001  3,222 (3.4) 32,272 (3.5) 0.146
Hyperlipidemia, n (%) 571 (6.0) 4,616 (5.0) < 0.001  2,642 (2.8) 24,128 (2.6) 0.001
Hypertension, n (%) 2,007 (21.0) 15,280 (16.4) < 0.001  8,377 (8.8) 77,382 (8.3) < 0.001
Age at first myocardial infarction or death by 

myocardial infarction, years, mean  ±  SD
64.8  ±  12.6 66.0  ±  13.0 0.058  66.0  ±  13.5 65.8  ±  13.6 0.551

Age at first ischemic stroke or death by ischemic 
stroke, years), mean  ±  SD

67.1  ±  14.8 68.5  ±  13.6 0.048  66.1  ±  16.6 67.2  ±  15.7 0.013

SD: standard deviation.

Table II. Risk of coronary artery disease and stroke in patients with atopic dermatitis (AD) compared with individuals without AD

Cases 
n = 104,832
n (%) 

All (crude)a

OR (95% CI)

All (fully 
adjusted)b

OR (95% CI)
Men (crude)a

OR (95% CI)

Men (fully 
adjusted)b

OR (95% CI)
Women (crude)a

OR (95% CI)

Women (fully 
adjusted)b

OR (95% CI)

Angina pectoris
AD total 2,719 (2.59) 1.18 (1.13–1.23) 1.13 (1.08–1.19) 1.15 (1.08–1.22) 1.10 (1.03–1.18) 1.21 (1.14–1.28) 1.16 (1.09–1.24)
  Non-severe AD 2,194 (2.09) 1.16 (1.10–1.21) 1.13 (1.08–1.19) 1.15 (1.07–1.23) 1.12 (1.04–1.20) 1.17 (1.09–1.25) 1.15 (1.08–1.24)
  Severe AD    525 (0.50) 1.27 (1.15–1.40) 1.11 (1.00–1.24) 1.16 (1.00–1.34) 1.04 (0.89–1.21) 1.38 (1.20–1.57) 1.19 (1.04–1.37)
  Systemic treatmentc total    205 (0.20) 1.37 (1.17–1.61) 1.02 (0.87–1.21) 1.26 (1.00–1.58) 0.99 (0.78–1.26) 1.50 (1.20–1.87) 1.08 (0.85–1.35)

Myocardial infarction (MI)
AD total 2,264 (2.16) 1.10 (1.04–1.15) 1.07 (1.02–1.12) 1.15 (1.07–1.22) 1.12 (1.05–1.20) 1.03 (0.96–1.11) 1.01 (0.94–1.08)
  Non-severe AD 1,801 (1.72) 1.08 (1.03–1.14) 1.07 (1.02–1.13) 1.16 (1.08–1.24) 1.15 (1.07–1.23) 0.99 (0.92–1.08) 0.98 (0.91–1.07)
  Severe AD    463 (0.44) 1.14 (1.03–1.27) 1.03 (0.92–1.15) 1.09 (0.94–1.26) 1.01 (0.87–1.18) 1.20 (1.03–1.40) 1.06 (0.91–1.24)
  Systemic treatmentc total    167 (0.16) 1.26 (1.06–1.50) 0.99 (0.82–1.18) 1.17 (0.93–1.48) 0.98 (0.76–1.25) 1.38 (1.07–1.78) 1.03 (0.79–1.34)

Stroke
AD total 1,975 (1.88) 1.07 (1.02–1.13) 1.04 (0.99–1.09) 1.13 (1.05–1.22) 1.09 (1.01–1.17) 1.03 (0.96–1.10) 1.00 (0.93–1.07)
  Non-severe AD 1,538 (1.47) 1.02 (0.97–1.08) 1.00 (0.94–1.06) 1.09 (1.01–1.19) 1.06 (0.98–1.16) 0.96 (0.89–1.04) 0.95 (0.88–1.02)
  Severe AD    437 (0.42) 1.32 (1.19–1.47) 1.19 (1.07–1.33) 1.32 (1.11–1.56) 1.20 (1.01–1.43) 1.33 (1.15–1.53) 1.19 (1.03–1.37)
  Systemic treatmentc total    158 (0.15) 1.47 (1.23–1.75) 1.18 (0.98–1.41) 1.32 (0.99–1.75) 1.09 (0.82–1.46) 1.58 (1.26–1.99) 1.23 (0.98–1.56)

Death from MI/Stroke
AD total    637 (0.6) 1.00 (0.92–1.09) 1.01 (0.93–1.10) 1.04 (0.92–1.17) 1.05 (0.92–1.18) 0.96 (0.85–1.09) 0.98 (0.87–1.10)
  Non-severe AD    463 (0.44) 0.97 (0.88–1.07) 0.99 (0.90–1.10) 1.02 (0.89–1.18) 1.04 (0.90–1.20) 0.92 (0.80–1.07) 0.95 (0.82–1.09)
  Severe AD    174 (0.17) 1.08 (0.91–1.27) 1.04 (0.88–1.23) 1.08 (0.84–1.38) 1.05 (0.82–1.35) 1.07 (0.86–1.35) 1.03 (0.82–1.30)
  Systemic treatmentc total      33 (0.03) 0.95 (0.66–1.37) 0.84 (0.58–1.21) 0.71 (0.40–1.27) 0.65 (0.37–1.17) 1.21 (0.75–1.94) 1.02 (0.63–1.65)

aCrude (sex- and age-adjusted). bAdjusted for cardiovascular comorbidities (diabetes mellitus, hyperlipidemia, hypertension) and years of education. cSubgroup of patients 
with severe AD receiving systemic treatment (methotrexate, azathioprine, cyclosporine A or mycophenolate mofetil). Significant differences in fully adjusted models in bold.
OR: odds ratio; CI: confidence interval.
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but not age at first MI or at death from MI. AD was not 
associated with death from MI or ischaemic stroke.

Non-severe atopic dermatitis
After multivariate adjustments, a positive association was 
found between non-severe AD and angina pectoris (aOR 
1.13, 95% CI 1.08–1.19), and after stratification by sex 
this association persisted in both sexes (Table II). The 
association between non-severe cases and MI remained 
consistent for men (aOR 1.15, 95% Cl 1.07–1.23), but 
not for women. Non-severe AD was not significantly 
associated with ischaemic stroke.

Severe atopic dermatitis
Individuals with severe AD had significantly higher pre-
valence of diabetes mellitus (7.9% vs. 6.3%, p < 0.001), 
hyperlipidaemia (6.0% vs. 5.0%, p < 0.001), and hy-
pertension (21.0% vs. 16.4%, 
p < 0.001) compared with controls 
(Table I). After multivariate ad-
justments and stratification for sex, 
the higher ORs for angina pectoris 
(aOR 1.11, 95% CI 1.00–1.24) 
persisted only among women (aOR 
1.19, 95% CI 1.04–1.37) (Table II). 
There was no significant associa-
tion with MI. Patients with severe 
AD had a significant association 
with ischaemic stroke (aOR 1.19, 
95% CI 1.07–1.33), which remai-
ned after adjustment in both men 
and women.

There was no significant associa-
tion between patients on systemic 
treatment and CVD in adjusted 
models.

Impact of education, smoking and body mass index
Mothers with severe AD had a significantly lower level of 
education and higher prevalence of smoking (28.2% vs. 
19.9%, p < 0.001) and obesity (12.0% vs. 9.6%, p < 0.001) 
than controls (Table III). Notably, mothers with non-
severe AD smoked less and had less overweight than 
control subjects. The association between AD and angina 
pectoris remained for severe cases in the fully adjusted 
model (adjusted for comorbidity, education, smoking, 
and BMI) (aOR 1.51, 95% CI 1.00–2.28) (Table IV). 
There was no significant association between AD and MI 
or ischaemic stroke in the fully adjusted models.

DISCUSSION

This large, nationwide study using well-established 
Swedish healthcare registries and unique personal iden-
tification numbers, investigated the association between 

Table III. Characteristics of mothers registered at antenatal care 1982–2016. Patients with atopic dermatitis divided into severe cases 
and non-severe cases

Variable
Severe cases
n = 2,635

Controls
n = 16,921

p-value
(t-test, χ2)

Non-severe cases
n = 27,985

Controls
n = 177,726

p-value
(t-test, χ2)

Age at end of study, year, mean ± SD 49.3 ± 9.6 48.6 ± 8.4 <0.001 41.6 ± 10.2 42.2 ± 8.9 <0.001
Age at end of study, year, median (range) 50.0 (15.0–52.0) 49.0 (15.0–50.0) 40.0 (15.0–56.0) 41.0 (15.0–55.0)
Years of education, n (%) <0.001 <0.001
  ≤9 years 226 (8.6) 1,302 (7.7) 1,795 (6.4) 14,174 (8.0)
  9–12 years 1,344 (51.0) 7,738 (45.7) 11,568 (41.3) 75,180 (42.3)
  >12 years 1,065 (40.4) 7,881 (46.6) 14,622 (52.2) 88,372 (49.7)
Smoking, n (%)a <0.001 0.002
  Non smoker 1,892 (71.8) 13,561 (80.1) 24,026 (85.9) 151,271 (85.1)
  Light smoker 429 (16.3) 1,962 (11.6) 2,541 (9.1) 16,701 (9.4)
  Heavy smoker 314 (11.9) 1,398 (8.3) 1,418 (5.1) 9,754 (5.5)
  Mother’s smoking total 743 (28.2) 3,360 (19.9) 3,959 (14.1) 26,455 (14.9)
Weight, kg, n (%)b 0.001 <0.001
  Normal weight 1,619 (61.4) 10,897 (64.4) 17,211 (61.5) 107,056 (60.2)
  Underweight 76 (2.9) 480 (2.8) 637 (2.3) 3,859 (2.2)
  Overweight 625 (23.7) 3,915 (23.1) 6,823 (24.4) 45,325 (25.5)
  Obese 315 (12.0) 1,629 (9.6) 3,314 (11.8) 21,486 (12.1)

aLight smoking defined as (1-9 cig/day) and heavy smoking ≥10 cig/day. bBody mass index categories were underweight <18.5 kg/m2; normal ≥18.5 to <25 kg/m2; 
overweight ≥25 to <30 kg/m2; obese ≥30 kg/m2.
SD: standard deviation.

Table IV. Risk of cardiovascular disease among mothers with atopic dermatitis (AD) registered 
at antenatal care 1982–2016 compared with individuals without AD

Mothers

Cases
n = 30,620
n (%)

Crudea

OR (95% CI)
Edu, comorbb

OR (95% CI)

Edu, comorb, 
smokec

OR (95% CI)

Edu, comorb, 
smoke, BMId

OR (95% CI)

Angina pectoris
AD total 149 (0.5) 1.15 (0.96–1.38) 1.08 (0.89–1.31) 1.08 (0.90–1.30) 1.08 (0.90–1.31)
  Non-severe AD 110 (0.4) 0.98 (0.80–1.21) 0.97 (0.78–1.21) 0.97 (0.79–1.21) 0.97 (0.78–1.21)
  Severe AD   39 (0.1) 2.20 (1.50–3.24) 1.59 (1.06–2.40) 1.49 (0.99–2.25) 1.51 (1.00–2.28)

Myocardial infarction
AD total   99 (0.3) 1.07 (0.86–1.34) 1.01 (0.81–1.28) 1.01 (0.80–1.26) 1.01 (0.80–1.26)
  Non-severe AD   77 (0.3) 1.00 (0.78–1.29) 1.00 (0.78–1.29) 1.01 (0.78–1.30) 1.01 (0.78–1.30)
  Severe AD   22 (0.1) 1.43 (0.88–2.31) 1.05 (0.64–1.74) 0.95 (0.57–1.57) 0.96 (0.58–1.58)

Stroke
AD total 125 (0.4) 1.08 (0.89–1.31) 1.06 (0.87–1.29) 1.05 (0.86–1.28) 1.05 (0.86–1.28)
  Non-severe AD   94 (0.3) 0.96 (0.77–1.20) 0.96 (0.77–1.21) 0.96 (0.77–1.21) 0.96 (0.77–1.21)
  Severe AD   31 (0.1) 1.75 (1.16–2.65) 1.41 (0.92–2.15) 1.35 (0.88–2.06) 1.36 (0.89–2.07)

aAge-adjusted. bAdjusted for education, comorbidities (diabetes mellitus, hyperlipidemia, hypertension). 
cAdjusted for education, comorbidities and smoking. dFully adjusted for education, comorbidities, smoking and 
BMI. Significant differences in bold.
OR: odds ratio; CI: confidence interval.
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AD and CVD. The main findings were that patients with 
AD in Sweden had a positive association with angina 
pectoris, MI, and ischaemic stroke, compared with the 
general population. No association was found with 
cardiovascular death. The association was attenuated 
after adjustment for cardiovascular comorbidities and 
education. Subgroups with higher ORs for CVD were 
identified after stratification for sex and severity of AD. 
Overall, there was an association with angina pectoris 
after multivariable adjustment, but not among males 
with severe AD. Being male with non-severe AD was 
associated with having MI, but this association was not 
seen in the severe AD group or in females. Furthermore, 
severe AD was associated with ischaemic stroke, with 
comparable rates in men and women. 

Information on common cardiovascular risk factors, 
such as smoking and obesity, was not available for the 
entire study population. However, the prevalence of 
smoking and obesity were investigated by analysing 
women registered in antenatal care, used as a proxy for 
postpartum smoking and obesity (11, 12). When con-
trolling for smoking, education, comorbidities and BMI 
in the subanalysis of mothers, the association between 
angina pectoris/stroke and severe AD decreased (e.g. 
from OR 2.2 to OR 1.51). Additional adjustment for BMI 
changed the estimates only slightly. Notably, adjusting 
for smoking and BMI did not affect the overall analysis 
and estimates among non-severe cases. This may indicate 
that smoking is an important confounding factor among 
cases with severe AD, but not among non-severe cases 
or in the overall analyses. Since the women registered in 
antenatal care were younger than the study population, 
the estimates for the association between AD and CAD 
or ischaemic stroke cannot be generalized.

Several factors may contribute to an increased risk of 
CVD. In meta-analyses, there are associations between 
AD and obesity/smoking which per se increase the CVD 
risk (13, 14). Smoking, drinking alcohol, sedentary 
lifestyle, and sleep deprivation are reported to be more 
common in adults with AD (15). Several biomarkers in 
peripheral blood correlate with AD activity and cytokine 
activation, suggesting a systemic disease (16). Chronic 
diseases seem to lead to overexpression of T-helper 
1 (Th1) cell-mediated cytokines (which are involved 
in arteriosclerosis) and increased Th17 cell-mediated 
responses (17, 18). This may explain the higher asso-
ciation with CAD and ischaemic stroke among severe 
and chronic cases of AD, while non-severe AD was not 
associated with stroke. It remains unclear whether AD 
is an independent risk factor for CVD or if reported as-
sociations can be explained by established cardiovascular 
risk factors, lifestyle or other factors, such as systemic 
immunosuppressive therapy (19). In the adjusted models 
in our study, we did not find higher ORs between severe 
AD treated with systemic therapy and CVD, but this 
group did have a higher prevalence of cardiovascular 

comorbidity. Diabetes mellitus, hyperlipidaemia, and 
hypertension were more prevalent in severe AD than in 
controls, and hyperlipidaemia and hypertension were 
also more prevalent in non-severe AD than in controls. 

The current finding that AD is correlated with angina 
pectoris is in agreement with previous studies (6, 20). 
However, in a meta-analysis, there was no significant 
association between AD and MI (6). In a recent large 
cohort study, severe AD increased the risk of MI and 
angina pectoris by 40–50% (7). The risk of MI is ap-
proximately 3 times higher in men than women in the 
general population. The incidence becomes more similar 
with increasing age, especially among women with risk 
factors such as smoking, diabetes mellitus, or hyperten-
sion (21). This may partly explain why we found that 
AD was associated with MI in men only.

In accordance with large population-based studies 
from the UK and Taiwan, it was found that severe AD 
might be a risk factor for stroke (7, 22), while cohort 
studies from Denmark and Germany could not confirm 
this association in adjusted models (20, 23). Only in the 
study from the UK were lifestyle factors, such as smo-
king and BMI, included in the fully adjusted analysis. 
AD was not independently associated with non-fatal MI 
or stroke in a female cohort of nurses in The Nurses’ 
Health Study in the USA (24). Nurses are, in general, 
likely to be more health-orientated (25). In comparison, 
the current subgroup of women with severe AD had a 
higher prevalence of smoking, BMI, and lower level of 
education. Differences in study populations and study 
designs, observation periods, definitions of AD (e.g. 
questionnaire-based diagnosis or diagnosis by general 
practitioners or by dermatologists) and whether stratifica-
tion by AD severity was performed most likely explain 
the mixed findings between the previous studies.

The strengths of the current study are the use of a na-
tionwide large population-based cohort and high-quality 
inpatient and outpatient data linked to several national 
registers, together with the use of the unique personal 
identification numbers given to all Swedish residents. 
The large sample size gave substantial statistical power 
and allowed examination of AD subgroups. A major 
strength is that, in 93% of severe and 79% of non-severe 
cases of AD, the diagnosis was confirmed by a dermato-
logist, thus reducing the risk of misclassification.

However, the current study also has limitations. Smo-
king and obesity could not be taken into account in the 
overall analysis, because such data were not available 
for the entire population, but adjustments were made for 
comorbidities and socioeconomic status. Data from the 
MBR provided information on smoking and obesity for 
a subgroup of women, and adjustment for smoking and 
BMI did not change the overall estimates. Moreover, 
there are limitations in the method of selecting controls, 
because there was no data from primary care. Patients 
with AD diagnosed by general practitioners or who were 
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not even seeking healthcare may have been misclassified 
as controls. Surveillance bias is a possible cause of dif-
ferential misclassification. Patients with AD visiting a 
doctor primarily for other problems are more likely to 
be diagnosed with AD at the same visit.

The classification of disease severity in the current 
study has not been validated. AD receiving systemic 
treatment was defined as severe AD, which has been used 
as a proxy for disease severity in previous studies (7, 
23). In addition, treatment in dermatological wards with 
AD as the main diagnosis was included as severe AD. 
Misclassification of disease severity in the current study 
cannot be excluded if comorbidities were an indication 
for treatment in dermatological wards or if AD was not 
the main indication for systemic treatment. Outpatient 
diagnosis of AD was registered from 2001. Patients with 
a diagnosis of AD before 2001 could be identified only 
in the inpatient registry, which is a limitation. This most 
likely explains why cases of severe AD were older than 
the non-severe cases in this study. Therefore, compari-
sons in comorbidity should be made between cases and 
age-matched controls (Table II) and not between severe 
and non-severe cases.

Furthermore, we could not adjust for eczema activity 
over time or take into account the temporal relationship 
between AD and CVD. AD usually has an onset in early 
childhood (1, 26); therefore, a reasonable assumption is 
that the exposure to AD was earlier than onset of CVD 
in the majority of cases.

An association was found between AD at age 15 years 
or later and CVD, which remained after multivariable 
adjustment for known risk factors, such as comorbidi-
ties and socioeconomic factors. In conclusion, AD was 
associated with CVD, which should be kept in mind, 
especially when managing patients with severe AD. 
However, definite proof of whether AD is an independent 
risk factor for CVD requires further confirmation in fu-
ture prospective trials in which important lifestyle data, 
such as smoking, are included as possible confounders. 
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