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ABSTRACT

Purpose: Despite increasing evidence for the potential association between atopic dermatitis
(AD) and cardiovascular diseases (CVDs), results have still remained controversial.
Therefore, this study investigated the association between AD and subsequent CVDs in adults
newly diagnosed with AD.

Methods: Datasets from the National Health Insurance Service-National Sample Cohort in
South Korea from 2002 to 2015 were analyzed. The primary outcome was new-onset CVD,
which included angina pectoris, myocardial infarction, stroke, or any revascularization
procedure. The crude and adjusted hazard ratios (HRs) with 95% confidence intervals (CIs)
were estimated in the AD group compared with the matched control group using the Cox
proportional hazards regression models.

Results: A total of 40,512 individuals with AD were matched with 40,512 control subjects
without AD. The overall incidence of CVDs was 2,235 (5.5%) and 1,640 (4.1%) in the AD

and matched control groups, respectively. In the adjusted model, AD was associated with

an increased risk of CVDs (HR, 1.42; 95% CI, 1.33-1.52), angina pectoris (adjusted HR, 1.49;
95% CI, 1.36-1.63), myocardial infarction (adjusted HR, 1.40; 95% CI, 1.15-1.70), ischemic
stroke (adjusted HR, 1.34; 95% CI, 1.20-1.49), and hemorrhagic stroke (adjusted HR, 1.26;
95% CI, 1.05-1.52). Most of the subgroup and sensitivity analysis results were consistent with
those of the main analysis.

Conclusions: The current study found that adult patients newly diagnosed with AD were

at significantly increased risk for subsequent CVDs, suggesting the need to consider early
prevention strategies for CVDs targeting patients with AD.

Keywords: Atopic dermatitis; eczema; cardiovascular disease; myocardial ischemia; stroke

INTRODUCTION

Atopic dermatitis (AD) is a common chronic inflammatory skin disease. Despite being
traditionally considered a childhood disease, AD affects around 5%-10% of adults, with its
global prevalence showing an increasing trend.* The close relationship between AD and
other atopic comorbidities, such as asthma and allergic rhinitis, is well known as the “atopic
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https://orcid.org/0000-0001-7997-696X Globally, the major cause of death is cardiovascular diseases (CVDs), accounting for
approximately 30%.° Moreover, evidence has shown that CVDs are associated with various
Disclosure inflammatory conditions.! Therefore, the chronic systemic inflammatory component of AD
Th_ere are nOﬁnanC_ial Or_Other fssues that has been suggested to possibly trigger atherosclerosis and CVDs. However, studies conducted
might lead to conflict of interest. Lo . K
to date on the association between AD and CVD outcomes have reported inconsistent results.
One previous meta-analysis reported no association between AD and most cardiovascular
outcomes, including myocardial infarction (MI), hypertension, or stroke.™ In contrast,
a recent systematic review and meta-analysis reported that AD was associated with an
increased risk for MI, stroke, angina, and heart failure in a pooled analysis of cohort studies
and that increasing AD severity was associated with an increased risk of cardiovascular
outcomes."? Notably, almost all studies conducted to date had one or both limitations with
respect to the diagnosis of AD or common cardiovascular risk factors, such as smoking and
obesity. Several meta-analyses have reported that smoking and obesity, which are well-known
factors that increase CVD risk, are associated with AD."* However, many studies had not
considered smoking and obesity in their adjusted analysis.”* Moreover, a number of studies
had defined AD patients based on self-reported questionnaires, which may possibly cause
selection bias.?*?

Understanding the link between AD and CVD may help lessen the associated burden of
these comorbidities in patients with AD. Thus, this study aimed to evaluate the risk of
cardiovascular outcomes in patients newly diagnosed with AD by a physician using well-
established national cohort data from Korea, accounting for lifestyle risk factors, and
investigate whether the risk of CVDs varied according to AD severity.

MATERIALS AND METHODS

Data source

This retrospective propensity score matching (PSM) cohort study used data from National
Health Insurance Service-National Sample Cohort (NHIS-NSC) 2.0 database in South Korea
from 2002 to 2015. The NHIS is the compulsory single-payer national health care coverage
system in South Korea, and the NHIS-NSC is a large-scale, population-based cohort data
consisting of an approximately 2.2% representative sample of the general Korean population.
Sampling consisted of a systematic stratified random sample with proportional allocation
within each stratum. The database contains longitudinal health-related information
regarding socio-demographics, disease diagnoses (International Classification of Disease,
Tenth Revision [ICD-10]), therapeutic procedures, drug prescriptions (brand name, generic
name, prescription date, days of supply, and dose and route of administration), type of
medical utilization (outpatient, inpatient, or emergency department), and annual or biennial
national health screening examinations that include assessment of cardiovascular risk factors
(health questionnaire surveys, physical examinations, and laboratory test).* A detailed
description of these data has been reported elsewhere.*

This study was approved by the Institutional Review Board of Korea University
(KUIRB-2020-0043-01) and the Korea NHIS National Health Information Data Request
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Review Committee (NHIS-2020-2-155). All methods were performed in accordance with
the approved guidelines and regulations. Informed consent was waived, as this was a
retrospective study of de-identified administrative data.

Study population

Patients with AD were defined as those having received at least one diagnostic code

(ICD-10 code L20) and AD-related treatment on the same day to reduce a probability of
misclassification. AD-related treatments included prescriptions such as topical or oral
corticosteroids, immunosuppressants (methotrexate, cyclosporine, mycophenolate

mofetil, or azathioprine), topical calcineurin inhibitors (tacrolimus or pimecrolimus), or
antihistamines. The date of the initial AD diagnosis for each patient was defined as the index
date. The exclusion criteria were patients aged < 20 or > 100 years, diagnosed with CVD prior
to the index date or within 90 days after the index date, or had incomplete information on
covariates. Additionally, patients diagnosed with AD between 2002 and 2005 were excluded,
and as a result of this 4-year washout period, we could include new cases of AD. The study
population selection process is detailed in Fig. 1.

Selected AD patients were matched 1:1 with controls who had never been diagnosed with AD
from 2002 to 2015 based on the covariates at the AD patient’s index date using PSM. PSM was
used to reduce potential confounders and balance the baseline covariates of the 2 groups.*
Propensity scores were derived from the predicted probability of subjects with versus without
AD using a logistic regression model that adjusts for the following confounders: sex, age,
household income, region of residence, and comorbidities (hypertension, diabetes, and

NHIS 2.0 database (n =1,108,369)

!

{

People not diagnosed
with AD from 2002 to 2015
(n = 894,370)

People diagnosed
with AD from 2002 to 2015
(n =213,999)

Exclusion

(n = 466)

1:1 PSM

- Diagnosed with AD from 2002 to 2005
(n = 83,564)

- <20 or > 100 years old (n = 76,654)

- Diagnosed with CVDs prior to the index
date or within 90 days after the index date

- Missing information on covariates
(n =12,803)

Matched controls
(n = 40,512)

Matched AD patients
(n = 40,512)

Fig. 1. Flowchart showing the sample selection. This is a stratified random sampled cohort study with
approximately a million subjects. First, the sample was divided into the AD group (n = 213,999) who met the

AD criteria defined in this study between 2002 and 2015, and the control group (n = 894,370). Then, in the AD
group, if a patient had a previous AD history between 2002 and 2005 (n = 83,564), was < 20 or > 100 years old

(n =76,654), diagnosed with CVD prior to the index date or within 90 days after the index date (n = 466), or had
incomplete information on covariates (n = 12,803), then the patient was excluded from the study population.
After that, selected patients with AD were matched 1:1 with controls who had never been diagnosed with AD from

2002 to 2015 based on the covariates at the index date of patients with AD using PSM.

AD, atopic dermatitis; CVD, cardiovascular disease; PSM, propensity score matching; NHIS, National Health

Insurance Service.
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hyperlipidemia). To reduce immortal time bias, the individual index date was set to the same
date as AD diagnosis in patients with AD and matched controls.* Patients with severe AD
were defined as those who had received oral corticosteroids or immunosuppressants. Other
AD cases were classified as non-severe.® For statistical analysis, patients with severe AD were
matched 1:1 with patients with non-severe AD based on the covariates of the first date of

severe AD using PSM.

Study outcomes and follow-up period

The primary composite endpoint was CVDs defined using diagnostic codes of angina pectoris
(I20), MI (121-124), ischemic stroke (160), hemorrhagic stroke (I61-163), or any procedure
involving coronary artery bypass grafts or percutaneous coronary intervention. The secondary
outcomes were ischemic heart disease (120-124), angina pectoris (120), MI (121-124), stroke
(I60-163), ischemic stroke (160), and hemorrhagic stroke (161-163). To assess the risk of
subsequent CVD after a diagnosis of AD, patients with AD were followed up starting 90 days
after the index date. Follow-up for matched controls also began on the start date of their
matched patient with AD. Follow-up was terminated on the date of the outcome of interest,
upon death, or at the end of the study (December 31, 2015), whichever occurred first.

Covariates

To control for potential confounding factors in the analyses, covariates were identified on
the basis of previous literature, expert opinion, and the availability of covariates within

the data. The covariates used in this study included sex, age, household income, region of
residence, body mass index (BMI) and smoking status in the baseline year, and the Charlson
comorbidity index (CCI), comorbidities (hypertension, diabetes, and hyperlipidemia), and
co-medications for 1 year prior to the index date.

The age groups were classified using 10-year intervals. A total of 7 age groups were included
for those aged 2 20 years. The household income groups, which were initially categorized
according to 11 classes (class O, lowest income; class 10, highest income) in the NHIS
database, were recategorized into 4 classes (low, class 0-2; medium-low, class 3-5; medium—
high, class 6-8; and high, 9-10). In this study, the region of residence was recategorized into
urban (Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) and rural (Gyeonggi,
Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju)
areas. BMI was categorized into < 18, > 18 to < 25, and > 25 kg/m?. Smoking status was
categorized as never smoking, former smoking, and current smoking. The patients’ CCI
scores were estimated from their disease records using previously validated algorithms.>*
Comorbidity was defined as hospitalization for > 2 days or outpatient treatment for > 3 days
with the corresponding diagnosis code, as well as a drug prescription for treatment within
1year before the index date. Co-medications included antihypertensives (angiotensin-
converting enzyme inhibitors, angiotensin II receptor antagonists, f-adrenergic antagonists,
calcium channel blockers, or thiazide diuretics), antidiabetics (insulin, glucagon-like peptide
1 receptor agonist, and other oral hypoglycemic agents), lipid-lowering drugs (statin, fibrate,
niacin, omega-3 fatty acids, and ezetimibe), antiplatelets, anticoagulants (warfarin and other
anticoagulants), and antidepressants, which have been associated with CVDs.

Statistical analysis

Baseline characteristics of the AD and normal control groups were reported as frequencies

and percentages and compared using the y? test. The Cox proportional hazards model was

used to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) for CVD in the
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AD group compared with the matched control group and in the severe AD group compared

with the non-severe AD group. Crude and adjusted models were used. The cumulative
incidence of CVDs was estimated using the Kaplan—Meier method and log-rank tests.
Subgroup analyses were performed according to sex, age, and a combination of both (sex x
age). For sensitivity analysis, the definitions of AD and the start date of follow-up for CVD
outcomes were changed such that 1) the definition of AD from at least one diagnosis code
and AD-related treatments on the same day was changed to 2 or more on separate days and
2) the start date of follow-up for outcomes was changed to 1 year after the index date. All
analyses were conducted using SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA),
with a 2-sided Pvalue of < 0.05 indicating statistical significance.

RESULTS

Characteristics of the study population

After PSM, 40,512 patients newly diagnosed with AD and 40,512 matched controls were
included in this study. The baseline characteristics of the study population are summarized
in Table 1. The mean follow-up period was 5.1 + 2.9 years and 4.7 + 2.9 years in the AD and
control groups, respectively. During the follow-up period, a total of 3,875 CVDs occurred,
2,235 (5.5%) and 1,640 (4.1%) in the AD and control groups, respectively. Given that
matching was performed, no significant differences in sex, age, household income, region of
residence, and comorbidities were observed between the 2 groups. No significant intergroup
differences were observed except for unadjusted variables in PSM such as CCI scores,
smoking status, and some kinds of co-medication.

Risk of CVD development in patients diagnosed with AD

Compared to matched controls, patients diagnosed with AD had a 42% higher risk of CVD
after fully adjusting for covariates (adjusted HR, 1.42; 95% CI, 1.33-1.52) (Table 2). Analyses
according to sub-diseases showed that patients newly diagnosed with AD had a significantly
increased risk of angina pectoris (adjusted HR, 1.49; 95% CI, 1.36-1.63), MI (adjusted

HR, 1.40; 95% CI, 1.15-1.70), ischemic stroke (adjusted HR, 1.34; 95% CI, 1.20-1.49), and
hemorrhagic stroke (adjusted HR, 1.26; 95% CI, 1.05-1.52) compared to matched controls.

The cumulative incidence of study outcomes over time in adults with AD and matched controls
demonstrated that the risk of CVDs, ischemic heart disease, and stroke were significantly
higher in patients with AD compared to matched controls (log-rank P < 0.0001; Fig. 2).

Risk of CVD development in severe AD

AD severity was significantly associated with an increased risk of CVDs (Table 3). Compared
to patients with non-severe AD, those with severe AD had a 62% higher risk of CVDs after
fully adjusting for covariates (adjusted HR, 1.62; 95% CI, 1.48-1.77). Analyses according to
sub-diseases showed that patients with severe AD had a significantly increased risk for angina
pectoris (adjusted HR, 1.70; 95% CI, 1.50-1.93), MI (adjusted HR, 1.63; 95% CI, 1.23-2.15),
ischemic stroke (adjusted HR, 1.43; 95% CI, 1.22-1.67), and hemorrhagic stroke (adjusted
HR, 1.47; 95% CI, 1.15-1.89) compared with those with non-severe AD.

Subgroup analysis

Analysis according to sex showed that among patients diagnosed with AD, male and female
had an adjusted HR for CVD risk 0f 1.42 (95% CI, 1.30-1.56) and 1.43 (95% CI, 1.30-1.56),

https://e-aair.org https://doi.org/10.4168/aair.2023.15.2.231 235



Risk of Cardiovascular Disease in Eczema

Allergy, Asthma &
Immunology Research

https://e-aair.org

Table 1. Characteristics of the study population after propensity score matching

Variables Matched controls Patients with AD P value
(n = 40,512) (n = 40,512)

Sex 0.7584
Male 16,478 (40.67) 16,435 (40.57)
Female 24,034 (59.33) 24,077 (59.43)

Age (yr) 0.9971
20-29 5,280 (13.03) 5,974 (13.02)
30-39 8,381 (20.69) 8,411 (20.76)
40-49 8,825 (21.78) 8,826 (21.79)
50-59 8,426 (20.80) 8,394 (20.72)
60-69 5,410 (13.35) 5,385 (13.29)
70-79 3,305 (8.16) 3,311 (8.17)
> 80 885 (2.18) 911 (2.25)

Household income 0.9403
Low (0-2) 4,113 (10.15) 4,167 (10.29)
Medium-low (3-5) 9,299 (22.95) 9,288 (22.93)
Medium-high (6-8) 11,675 (28.82) 11,666 (28.80)
High (9-10) 15,425 (38.08) 15,391 (37.99)

Region of residence 0.7948
Urban 19,521 (48.19) 19,558 (48.28)
Rural 20,991 (51.81) 20,954 (51.72)

Comorbidity
Hypertension 6,225 (15.37) 6,216 (15.34) 0.9301
Diabetes 92,233 (5.51) 2,259 (5.58) 0.6898
Hyperlipidemia 2,227 (5.50) 2,220 (5.48) 0.9140

CClI < 0.0001
0 34,206 (84.43) 32,417 (80.02)
1 4,418 (10.91) 5,645 (13.93)
O] 1,357 (3.35) 1,696 (4.19)
>3 531 (1.31) 754 (1.86)

Smoking status <0.0001
Current 8,256 (20.38) 7,826 (19.32)
Former 4,384 (10.82) 4,808 (11.87)
Never 27,872 (68.80) 97,878 (68.81)

BMI (kg/m?) 0.9056
<18 1,263 (3.12) 1,283 (3.17)
18-24.9 26,897 (66.39) 26,908 (66.42)
> 95 12,352 (30.49) 12,321 (30.41)

Co-medications
ACEls 485 (1.20) 510 (1.26) 0.4252
ARBs 3,665 (9.05) 3,879 (9.57) 0.0097
BBs 1,619 (4.00) 1,845 (4.55) <0.0001
CCBs 4,078 (10.07) 4,915 (10.40) 0.1123
Diuretics 92,947 (7.27) 2,980 (7.36) 0.6561
Insulin 25 (0.06) 29 (0.07) 0.5861
Hypoglycemic drugs other than insulin 2,230 (5.50) 2,309 (5.70) 0.2275
Statins 2,970 (7.33) 3,454 (8.53) <0.0001
Lipid-lowering drugs other than statin 558 (1.38) 702 (1.73) <0.0001
Antiplatelets 2,381 (5.88) 2,993 (7.39) <0.0001
Anticoagulants 58(0.14) 116 (0.29) <0.0001
Antidepressants 657 (1.62) 1,055 (2.60) <0.0001

Variables are presented as numbers (%), and the P value was derived from the ¥ test.
AD, atopic dermatitis; CCI, Charlson comorbidity index; BMI, body mass index; ACEIl, angiotensin-converting

enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta blocker; CCB, calcium channel blocker.

respectively (Supplementary Table S1). Among males, the risk of any outcome was

significantly higher in patients diagnosed with AD than in matched controls. The adjusted
HR for MI was the highest at 1.54 (95% CI, 1.21-1.98), followed by a hemorrhagic stroke at
1.48 (95% CI, 1.10-1.99), angina pectoris at 1.42 (95% CI, 1.25-1.61), and ischemic stroke at
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Table 2. Comparison of the risk for CVDs between patients with AD and matched controls

Variables No. Event (%) Crude HR (95% CI) Pvalue Adjusted HR (95% CI)* P value
CVDs
AD 40,512 2,935 (5.52) 1.46 (1.37-1.55) <0.0001 1.42 (1.33-1.59) <0.0001
Matched controls 40,512 1,640 (4.05) Reference Reference
Ischemic heart disease
AD 40,512 1,310(3.23) 1.51 (1.39-1.65) <0.0001 1.47 (1.35-1.60) <0.0001
Non-AD 40,512 920 (2.27) Reference Reference
Angina pectoris
AD 40,512 1,171 (2.89) 1.54 (1.41-1.68) <0.0001 1.49 (1.36-1.63) <0.0001
Matched controls 40,512 810 (2.00) Reference Reference
MI
AD 40,512 243 (0.60) 1.45 (1.20-1.76) 0.0002 1.40(1.15-1.70) 0.0009
Matched controls 40,512 178 (0.44) Reference Reference
Stroke
AD 40,512 880 (2.17) 1.37 (1.24-1.51) <0.0001 1.30(1.18-1.44) <0.0001
Matched controls 40,512 682 (1.68) Reference Reference
Ischemic stroke
AD 40,512 758 (1.87) 1.41 (1.27-1.57) <0.0001 1.34(1.20-1.49) < 0.0001
Matched controls 40,512 570 (1.41) Reference Reference
Hemorrhagic stroke
AD 40,512 262 (0.65) 1.30(1.09-1.56) 0.0043 1.26 (1.05-1.52) 0.0118
Matched controls 40,512 215 (0.53) Reference Reference

CVD, cardiovascular disease; HR, hazard ratio; Cl, confidence interval; AD, atopic dermatitis; MI, myocardial infarction.
“Adjusted for sex, age, household income, region of residence, body mass index, smoking status, comorbidities (hypertension, diabetes, and hyperlipidemia),

Charlson comorbidity index, and co-medications.
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Fig. 2. Cumulative incidence of CVD outcomes in patients with AD (solid line) and matched controls (dashed line) over time. The risk of (A) CVDs, (B) ischemic
heart disease, and (C) stroke was significantly higher in patients with AD than in matched controls (log-rank P < 0.0001).
CVD, cardiovascular disease; AD, atopic dermatitis.

https://e-aair.org

https://doi.org/10.4168/aair.2023.15.2.231

237



Allergy, Asthma & AA] R
Risk of Cardiovascular Disease in Eczema Immunology Research

Table 3. Comparison of the risk for CVDs between patients with severe and non-severe AD

Variables No. Event (%) Crude HR (95% CI) Pvalue Adjusted HR (95% CI)* Pvalue
CVDs
Severe AD 19,621 1,285 (6.55) 1.67 (1.53-1.82) <0.0001 1.62 (1.48-1.77) <0.0001
Non-severe AD 20,082 824 (4.10) Reference Reference
Ischemic heart disease
Severe AD 20,164 742 (3.68) 1.76 (1.57-1.98) < 0.0001 1.70(1.51-1.92) <0.0001
Non-severe AD 20,455 451 (2.20) Reference Reference
Angina pectoris
Severe AD 20,230 676 (3.34) 1.77 (1.56-2.00) < 0.0001 1.70 (1.50-1.93) <0.0001
Non-severe AD 20,498 408 (1.99) Reference Reference
Ml
Severe AD 20,772 134 (0.65) 1.74 (1.32-2.29) <0.0001 1.63 (1.23-2.15) 0.0007
Non-severe AD 20,824 82 (0.39) Reference Reference
Stroke
Severe AD 20,418 488 (2.39) 1.56 (1.36-1.80) <0.0001 1.45 (1.26-1.67) <0.0001
Non-severe AD 20,575 331(1.61) Reference Reference
Ischemic stroke
Severe AD 20,497 409 (2.00) 1.56 (1.34-1.82) <0.0001 1.43 (1.22-1.67) <0.0001
Non-severe AD 20,629 277 (1.34) Reference Reference
Hemorrhagic stroke
Severe AD 20,755 151 (0.73) 1.52 (1.19-1.95) 0.0009 1.47 (1.15-1.89) 0.0025
Non-severe AD 20,800 106 (0.51) Reference Reference

CVD, cardiovascular disease; AD, atopic dermatitis; HR, hazard ratio; Cl, confidence interval; MI, myocardial infarction.
“Adjusted for sex, age, household income, region of residence, body mass index, smoking status, comorbidities (hypertension, diabetes, and hyperlipidemia),
Charlson comorbidity index, and co-medications.

1.37 (95% CI, 1.17-1.60). In a subgroup analysis among females, the adjusted HRs for angina
pectoris and ischemic stroke risk were 1.57 (95% CI, 1.38-1.79) and 1.32 (95% CI, 1.13-1.55),
respectively. Among females, the risk for MI and hemorrhagic stroke was higher in patients
diagnosed with AD than in matched controls, although the difference was not significant.

In a subgroup analysis according to age group, patients diagnosed with AD exhibited a
significantly higher risk of CVD than matched controls in the age groups of 50 years and older:
age group 50-59 (adjusted HR, 1.57; 95% CI, 1.37-1.79), age group 60-69 (adjusted HR, 1.42;
95% CI, 1.26-1.59), age group 70-79 (adjusted HR, 1.42; 95% CI, 1.25-1.62), and > 80 years

of age group (adjusted HR, 1.94; 95% CI, 1.49-2.53) (Supplementary Table S2). Even after
accounting for sex and age, newly diagnosed AD was significantly associated with a higher risk
for subsequent CVD in both females and males over the age of 50 (Supplementary Table S3).

Sensitivity analyses

Most of the sensitivity analysis results using the different definitions of AD or follow-up start dates
for CVD outcomes were consistent with the results of the main analysis (Supplementary Tables
$4 and S5). The adjusted HR of all the outcomes, except for hemorrhagic stroke, was consistently
higher in patients diagnosed with AD than in matched controls, regardless of the definition used.
When using the different definitions of AD, the adjusted HR of hemorrhagic stroke in patients
diagnosed with AD was 1.32 (95% CI, 1.00-1.73), albeit not statistically significant.

DISCUSSION

This nationwide study using well-established cohort data from Korea showed that AD was
associated with a significant increase in the risk for cardiovascular outcomes and that this
increased risk was also associated with AD severity. After fully adjusting for covariates, our
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findings showed that adult patients diagnosed with AD were at a 42% increased risk of CVDs,

40%—49% increased risk of ischemic heart disease, and 26%-34% increased risk of stroke
compared to matched controls. Moreover, these positive associations between AD and
cardiovascular outcomes remained regardless of sex and age (> 50 years).

AD is a prevalent inflammatory skin disease that involves both abnormal skin barrier function
and distorted immune response, with tendencies for exaggerated type 2 helper T (Th2)
response.® Despite growing evidence suggesting that the immunological abnormalities of
AD can extend beyond the skin or can affect inflammatory process in other organs, patient-
based studies on the association between AD and CVD have shown mixed results. These
conflicting results open the possibility that previous studies had misclassified AD or that
other potential confounding factors affected the association. A number of previous studies
using self-reported definitions of AD may have incorrectly included other types of eczema,
such as contact dermatitis. Regarding other confounders, some shared risk factors for AD
and CVD, such as smoking, may be considered. This is supported by results from a Danish
study, which suggested that the statistical significance of an increased risk of stroke and
cardiovascular death in AD patients was lost after adjusting for smoking, socioeconomic
status, comorbidity, and use of medication.' As such, the results of our study, which defined
AD using a combination of physician diagnosis and AD-related medication history and
included smoking status and BMI as covariates in the adjusted model, provide sufficient
support for the hypothesis that AD increases the risk of CVDs.

While the underlying mechanisms between AD and CVDs are not yet fully understood, some
recent proteomic studies reported upregulated markers correlated with atherosclerosis and
cardiovascular risk (e.g., CX3CL1/fractalkine, CCL8, M-CSF, and VEGF-A) in the skin and
blood of AD patients.’** Furthermore, a recent study that evaluated vascular inflammation
with positron emission tomography-computed tomography (PET-CT) in young AD patients
with no known CVDs found a significant association between vascular inflammation
confirmed via PET-CT and Th2-related products (e.g., CCL17, CCL22) in the skin and blood of
patients with AD.* The same study also found that circulating levels of microparticles derived
from platelets and endothelial cells, predictive markers of atherosclerosis and coronary artery
disease, were significantly higher in patients with severe AD and tended to correlate with
vascular inflammation assessed using PET-CT.* Taken together, these studies suggest that
chronic inflammation may play a key role in increasing cardiovascular risk in AD. Besides
this, there have been several hypotheses on the association between AD and cardiovascular
risk. Such hypotheses include altered plasma fibrin clot properties, increased platelet
activation, and oxidative stress leading to the formation of atherogenic plaques in AD.***

In this study, the adjusted HR for CVD risk in patients diagnosed with AD was significant in
both males and females. However, the adjusted HR for MI and hemorrhagic stroke was not
statistically significant among females, contrary to that observed among males. This finding
is in agreement with results from the previous meta-analysis that reported a significantly
elevated risk of stroke and MI in males but not in females.* Several factors related to male
sex, such as unhealthy behaviors (e.g., drinking and smoking) or sex hormones, may have
contributed to the difference in the results between males and females.

Our findings of a significantly higher CVD risk among elderly AD patients are supported by

a recent study evaluating inflammatory marker levels in peripheral blood of elderly patients
with AD. Notably, the aforementioned study found that elderly AD patients had significantly
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higher levels of inflammatory markers compared to both other patient age groups and
respective controls and that these markers (e.g., TNFSF14/LIGHT, IL16, CCL4, and CCL7)
were most significantly upregulated in the oldest age group.” These suggest that systemic
inflammation increases significantly with age and that the presence of AD may independently
aggravate inflammation of the vessels in an already vulnerable elderly population.” Although

AD is mostly considered a childhood disease, there has recently been a new definition for a
new elderly AD phenotype (> 60 years old).* In line with this, the above findings suggest that
strategies to prevent the occurrence of CVD in elderly AD patients may be necessary.

Additionally, this study showed that the risk of CVDs varied according to AD severity and

that this result is consistent with those presented in previous studies. A cohort study
classifying AD severity according to the prescribed medication revealed that patients with
severe AD demonstrated significantly higher risks of stroke, MI, angina, and cardiovascular
death compared to those with milder disease.** Another 2019 meta-analysis also reported

a significantly increased risk of MI, angina, and cardiovascular death with increased AD
severity.”? These findings may be partly explained by dose-response effects and an underlying
alternative pathogenesis of non-severe AD compared with severe AD. Therefore, reducing the
risk of CVDs among patients with severe AD should be prioritized.

The results of this study are valuable due to the study design with several strengths. First,
this study used the NHIS-NSC database of South Korea, which is representative of the entire
population and healthcare utilization information in all settings across Korea. Second, to the
best of our knowledge, this study is one of the few longitudinal studies that not only defined
AD while considering both the physician’s diagnosis and the use of medications to treat AD
but also adjusted for lifestyle risk factors, such as smoking and BMI. This patient definition
method is supported by studies that have evaluated the specificity or sensitivity of methods
for defining AD using diagnostic codes. A study in the UK reported a positive predictive
value of 86% when using one AD code and 2 AD-related treatment codes.” In another study
conducted in Korea, no difference was found in the specificity between groups defined only
by the 2 diagnostic codes or by combining the diagnostic code and AD laboratory code.*
Additionally, the current study performed sensitivity analyses using various definitions of
AD to overcome the possibility of AD misclassification, and all the results were consistent
with the main findings. Nevertheless, caution should be exercised when interpreting the
results because we cannot completely exclude the possibility of misclassification owing to
the inherent limitations of the claims data. Third, this study investigated the risk of CVDs
by targeting only adult patients diagnosed with AD. Compared to childhood AD, adult

AD has been reported to be associated with distinctly different risk factors, distribution

and morphology of lesions, associated signs, comorbidities, and immune mechanisms
such as interleukin (IL)-31 and IL-33.* Owing to the fact that a limited number of studies
have focused on adult patients diagnosed with AD, we believe that results of this study can
contribute to improving the understanding of adult AD. Lastly, we performed PSM and
several sensitivity analyses to reduce the effects of residual confounding and bias.

Despite these strengths, several limitations of the current study need to be acknowledged.
First, this study defined adult patients newly diagnosed with AD during the study period

by excluding cases diagnosed with AD between 2002 and 2005 from the study group (4-
year washout period). However, due to the inherent limitations of the claim database, the
possibility that recurrent or persistent AD was enrolled in this study cannot be excluded.
Secondly, other allergic diseases that could confound the effects of AD were not considered
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when selecting subjects. Thus, patients with other allergic diseases may have been included
in the case and control groups and contributed to the increased risk of AD. This may have
resulted in misclassification of patients with AD in this study. However, the effects of
non-differential misclassification would have resulted in a bias toward the null.*® Thirdly,
the inherent limitations of the claims database may affect the research results. Despite

robust multivariate adjustment, there may be possible residual confounders that cannot

be identified by claim data, such as diet or genetic differences. Also, subjects who did not
receive a national health screening were excluded from the study population, which may
have caused a selection bias. However, the participation rates of Korea’s national health
screening program remain very high at around 75%, which lowers the possibility of selection
bias.” Moreover, we also attempted to compensate for these limitations through PSM, robust
multivariable adjustment, and multiple sensitivity analyses. Fourthly, we defined patients
with severe AD using systemic treatment use, which may have introduced a misclassification
bias. Unfortunately, however, there is still no fully validated and agreed upon algorithm for
defining AD severity in cohort studies; therefore, almost all studies assessing the risk of
cardiovascular outcomes according to AD severity had also defined AD severity based on

the use of systemic treatments.'>'¢2%2146 Finally, novel AD treatments such as biologics or
small-molecule drugs were not considered in this study. Most of these drugs began to receive
approval after 2015 and were not covered by the National Health Insurance in Korea, so it was
not possible to accurately consider them.

In conclusion, this nationwide cohort study demonstrated that adult patients newly
diagnosed with AD experienced a clinically significant increase in the risk of subsequent
CVDs, despite adjusting for potential risk factors for cardiovascular outcomes. These results
help us understand the risk of cardiovascular comorbidities in AD patients while also
highlighting the need for increased cardiovascular screening efforts to reduce CVDs in adult
patients with AD.
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