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ABSTRACT

Background

The association between dyslipidemia and atopic dermatitis in children is unclear. This study
investigated the association between dyslipidemia and atopic dermatitis in children by analysis of
disease onset, risk factors, and disease severity.

Methods

Subset I examined 7 year-old children in elementary school (n = 248) and Subset Il was a
retrospective long-term follow-up hospital based-study (n = 52,725) conducted from 1986 to 2016
that used propensity score matching. In the Subset I Study, total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG)
were determined, and the SCORing Atopic Dermatitis (SCORAD) index was determined. In the
Subset II Study, the time of atopic dermatitis onset was determined for asymptomatic subjects
whose TC levels were below or above 170 mg/dL.

Results

Our Subset I Study indicated that children with atopic dermatitis (n = 69, 27.8%) had significantly
higher levels of TC and TG, and that the SCORAD index had significant associations with high
levels of TC and TG, and a low level of HDL-C. Our Subset II Study (1,722 with high TC and
6,735 with normal TC after propensity score matching) indicated the high TC group had a greater
hazard ratio (HR) for the onset of atopic dermatitis (consensus-based HR: 2.47; 95% CI: 1.23,
5.06, P =0.012) during 5 years.

Conclusion

An abnormal blood lipid profile in children is associated with the presence of atopic dermatitis and
the SCORAD index. The risk of atopic dermatitis onset was significantly greater with high levels
of TC.

Key message

Association between atopic dermatitis and dyslipidemia in children is a matter of controversy. In
addition, there is a paucity of studies with longitudinal follow up regarding the onset of atopic
dermatitis in children with dyslipidemia. The presence and severity of atopic dermatitis in children
is associated with abnormal blood lipid profiles. Also, subjects with high total cholesterol

levels are in higher risks of developing atopic dermatitis. Our study suggests that children with
dyslipidemia maybe need close monitoring for the development of atopic dermatitis. Furthermore,

our results imply that cholesterol management might be able to lower the risk of atopic dermatitis.
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Introduction

Atopic dermatitis is a complex disorder that is affected by genetic and environmental
factors in which a defective skin barrier, reduced skin innate immune responses, and polarized
adaptive immune responses to environmental allergens and microbes lead to chronic skin
inflammation. ! Recent studies indicated that dyslipidemia is associated with an altered adaptive
immune response of Th2 cells 4 and the presence of allergic diseases, particularly allergen
sensitization,>” asthma,%® and allergic rhinitis.’

However, only a limited number of studies have examined the lipid profiles of adults with
atopic dermatitis.”-'%-13 Some of these studies concluded that atopic dermatitis is associated with
hyperlipidemia,”!? but others reported no such association.!!-13 In addition, few studies have
examined the association of hyperlipidemia with atopic dermatitis in children,'* and no long-term
follow up studies have directly assessed the severity of atopic dermatitis in children.

We hypothesized that dyslipidemia is associated with atopic dermatitis and severity of
atopic dermatitis in children. We also hypothesized that dyslipidemia was a possible risk factor of
atopic dermatitis. Thus, we tried to assess the SCORing Atopic Dermatitis (SCORAD) index and
measured the levels of total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), and triglycerides (TG). In addition, we performed a
follow-up study of another group of asymptomatic children to record the onset of atopic dermatitis

in those with different lipid profiles.
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Materials and Methods
1. Subset I study
Subjects

A total of 618 children (7 years-old) from 11 randomly selected elementary schools in
Seongnam City (Korea) were enrolled between June and July 2016. Each participant’s parents
were asked to respond to the questionnaires prior to a physical examination and blood sampling.
408 children (66.0%) responded to the questionnaire. Among these 408 children, 248 provided the
questionnaire data and had all of skin prick test (SPT) results and blood test results; these 248
children were enrolled in the study.
Study protocol

Pediatric allergy specialists and trained field technicians performed the physical
examinations, SCORAD score assessments,'> SPTs, and collected blood samples. The presence of
current atopic dermatitis was diagnosed using the International Study of Asthma and Allergies in
Childhood (ISAAC) questionnaire,'® based on symptoms during the previous 12 months. The
study protocol was approved by the Institutional Review Board of CHA University (2016-04-031)
and written informed consent documents were obtained from all parents or guardians of children
who participated.
SCORAD index

Assessments of the SCORAD index (range: 0 to 103) were performed by 2 pediatricians
who specialized in allergies and visited each school to perform physical examinations. The
pediatricians were blinded to the ISAAC questionnaire responses of the parents of the
participating children. Subjective items (pruritus and sleep loss during the last 3 days) were
acquired from the parent-answered questionnaire. Children were divided into three groups based
on SCORAD score: mild (<25), moderate (25 to 50), or severe (>50).!
Measurement of blood lipid profile

Venous non-fasting serum samples were obtained at scheduled visits in the clinic and TC,
LDL-C, HDL-C, and TG were determined.!” Any child with a serum TC level > 170 mg/dL, TG
level > 75 mg/dL, LDL-C level > 110 mg/dL, or HDL-C level < 45 mg/dL was classified as

having dyslipidemia.'®

2. Subset II study
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Study population and data collection using the Observational Medical Outcomes
Partnership Common Data Model (OMOP-CDM)

A single-center long-term cohort study using the OMOP-CDM was used for a
retrospective analysis of clinical data from Hallym University, Kangdong Sacred Heart Hospital,
Seoul, South Korea. Patient-level data were transformed into a common data format that enabled
identical study execution. De-identified data from electronic medical records were transformed
into the OMOP-CDM format.!° The Institutional Review Board of Hallym University provided
approval for the analysis (IRB 2019-09-005).

Conversion of Data to the OMOP CDM

The OMOP-CDM structures and harmonizes patient-level data, including details of visits
with health care services, diagnoses, medical procedures, drugs, and laboratory test results, and de-
identifies clinical content. A diagnosis record consists of a patient identifier, the date of diagnosis,
a code for the diagnosis, and the mapping and coding system (International Classification of
Diseases, Tenth Revision [ICD-10]) to the OMOP-CDM Standardized Vocabularies.?° In this
mapping process, the Systematic Nomenclature of Medicine (SNOMED) is used as the target
vocabulary for diagnostic codes, RxNorm for drugs, and Logical Observation Identifiers Names
and Codes for other observations, such as laboratory results and measurements of vital signs.!”
Cohort construction

Children less than 18 years-old were enrolled, and the day of the blood draw for
cholesterol measurements was defined as the index date. Subjects with atopic dermatitis diagnosis
codes or prescriptions for treatment of atopic dermatitis before the index date were excluded.
Children were also excluded if they had previous recorded diagnoses of contact dermatitis,
psoriasis, scabies, ichthyosis, erythroderma, photodermatitis, or seborrheic dermatitis. Subjects
were separated into a high TC group and a low TC group according to a blood TC level of 170
mg/dL.2! The propensity model and outcome definitions all operate on data that are converted into
the CDM.!° Thus, there were matching for age, sex, medications, procedures, and measurements
based on the medical records of patients in the high and normal TC groups. The association of TC
with the onset of atopic dermatitis was assessed using medical data from Kandong Sacred Heart
Hospital. The unmatched cohort had 3,913 children with TC levels of 170 mg/dL or more (high
TC group) and 48,812 children with TC levels below 170 mg/dL (normal TC group). After 1:4
propensity score matching, the matched cohort had 1,722 subjects in the high TC group and 6,735

subjects in the normal TC group.
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Outcomes

The primary outcome was the onset of atopic dermatitis based on Logical Observation
Identifiers Names and Codes, in which codes were mapped to their corresponding SNOMED
codes.!” To accurately identify patients with atopic dermatitis in the electronic health records,
atopic dermatitis was defined as 5 diagnoses based on the ICD-10 codes for atopic dermatitis
(L20.*) and 2 treatment codes for atopic dermatitis drug therapy.?? Atopic dermatitis drug therapy
was defined as topical therapy, such as corticosteroids, calcineurin inhibitors, and a
phosphodiesterase inhibitor.!->?

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics 25.0 (IBM Corp., NY,
USA). Continuous data were expressed as means with standard deviations or medians with
interquartile ranges (depending on data distribution). The Mann-Whitney U test was used to
compare continuous variables and a post-hoc analysis with the Dunn-test and the chi-square test
were used to compare categorical variables. After adjustment for gender and body mass index
(BMI), correlations between lipid level and the SCORAD score were evaluated by partial
correlation analysis. Generalized linear models with the logit function or gamma function
(depending on data distribution) were used to determine the odds ratios or beta values for the
relationship between lipid parameters and atopic dermatitis or SCORAD index.

Propensity scores were used to mitigate biases arising from nonrandom treatment
assignment. Thus, for each pairwise comparison, matched cohorts were constructed using 1:4
propensity score matching with a caliper of 0.25 on the logit scale.?32* A Cox proportional hazard
model was then fit to the matched cohorts using the Cohort Method R package
(https://github.com/OHDSI/CohortMethod), and the hazard ratio (HR) and 95% confidence
interval (CI) was calculated for each outcome of interest, a procedure that reduces residual bias
and variance.?’

Sensitivity Analyses

To assess the robustness of the results, several Cox proportional hazard analyses were
also performed. First, a less stringent definition of atopic dermatitis was used, in which atopic
dermatitis was defined as more than 1 ICD-10 diagnostic code and at least 2 atopic dermatitis-
related treatments. A previous study reported that the presence of at least 1 of 5 diagnostic codes
plus 2 treatment codes for any skin-directed therapy had a positive predictive value (PPV) of 86%

(95% CI =80 to 91) for physician-confirmed diagnosis of atopic dermatitis.?> Second, a more
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stringent definition was used, in which hyperlipidemia was defined as a TC level > 200 mg/dL.

This definition excludes those with borderline-high TC levels (170 to 199 mg/dL).
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Results
Characteristics of study subjects: Subset I Study

Our Subset I Study examined 248 children, 179 in a control group and 69 in an atopic
dermatitis group (Table 1). These two groups were similar in age, height, and gender distribution.
In particular, the proportion of children who were obese did not differ between two groups. In
addition, differences in the rates of asthma, allergic rhinitis, passive smoking exposure,
prematurity, low birth weight, and allergic sensitization were not statistically significant.

Analysis of blood lipid levels (Figure 1, Table 1) indicated that children with atopic
dermatitis had significantly higher mean levels of TC (173.0 [95% CI: 158.0, 191.0] vs. 194.0
[95% CI: 188.0, 205.5] mg/dL, P <0.001) and TG (76.0 [95% CI: 55.0, 107.0] vs. 97.0 [95% CI:
65.0, 129.5] mg/dL, P = 0.006), but the two groups had similar levels of LDL-C and HDL-C.
Lipid parameters and SCORAD index: Subset I Study

The SCORAD index was significantly higher in the atopic dermatitis group than in the
control group (0.00 [IQR: 0.00, 0.00] vs. 15.5 [IQR: 0.00, 24.1], P < 0.001). Among 69 children
with atopic dermatitis, the SCORAD score indicated mild disease (SCORAD < 25) in 20 children
(29.0%) and moderate-severe disease (SCORAD > 25) in 22 children (31.96%). Regardless of
atopic dermatitis diagnosis, analysis of the SCORAD index and blood lipid profiles in all 248
subjects (Table 2) indicated that children with moderate-severe SCORAD index had significantly
higher levels of TC and TG and lower levels of HDL-C than control children and children with
mild SCORAD index.
Lipid parameters, atopic dermatitis, and SCORAD index: Subset I Study

Table 3 indicated that the aOR for atopic dermatitis was greater in children with higher
levels of TC (aOR: 1.057, 95% CI: 1.037, 1.076, P < 0.001) and TG (aOR: 1.009, 95% CI: 1.003,
1.014, P = 0.004). The SCORAD index also had a positive association with the levels of TC (B
coefficient: 0.085; 95% CI: 0.021, 1.150; P=0.010) and TG (B coefficient: 0.085; 95% CI: 0.021,
1.150; P =0.006), but a negative association with HDL-C level (B coefficient: —0.151; 95% CI: —
0.260 to —0.043; P =0.006).
TC and onset of atopic dermatitis: Subset II Study

Our Subset II Study examined the onset of atopic dermatitis in children during a median
follow-up time of 1,750 days (Figure 2). Among 155 subjects with high TC, 21 (13.5%) had new
onset atopic dermatitis; and among 863 subjects with normal TC, 48 (5.6%) had new onset atopic

dermatitis. The results indicated a significantly increased probability of atopic dermatitis in the
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high TC group (Hazard Ratio [HR]: 2.47; 95% CI: 1.23, 5.06; P =0.012). The results of
sensitivity analysis, in which we used more stringent criteria to define high TC (Supplementary
Figure E1) and less stringent criteria to define atopic dermatitis (Supplementary Figure E2) were

consistent.
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Discussion

Our Subset I Study indicated that a high TC level correlated with the SCORAD index in
school-age children, and our Subset II Study (a single center long-term study using OMOP-CDM)
indicated that the high TC group had a slightly greater HR for the onset of atopic dermatitis than
the normal TC group.

Our results in children are consistent with previous results showing a positive correlation
between hyperlipidemia and atopic dermatitis in adults.”!® Among the few studies on the topic
performed in children, Augustin et al.'* showed a significantly increased prevalence rate of
dyslipidemia in children with atopic dermatitis compared to those without atopic dermatitis
(prevalence ratio: 1.29; 95% CI: 1.12, 1.49; P < 0.05). However, their study defined atopic
dermatitis based only on ICD code, did not directly measure TC, LDL-C, HDL-C, or TG, did not
report the severity of atopic dermatitis, and was a cross-sectional study.

Previous research indicated that dyslipidemia is a type of chronic inflammatory
response.?® In particular, elevated TG and LDL-C lead to increased pro-inflammatory signaling
and increased expression of TNF-o and interleukin (IL)-6.2627 In contrast, HDL-C has an anti-
inflammatory effect, in that it modulates T-cell activation.?®?” This supports the interpretation that
the presence of a chronic inflammatory state (as indicated by dyslipidemia) is responsible for
chronic skin inflammation, and provides a possible mechanism for the relationship between atopic
dermatitis and hyperlipidemia.

We found that the SCORAD index, which we used as a measure of the severity of atopic
dermatitis, showed positive associations with TC and TG and a negative association with HDL-C.
Thus, our results implied an association between hyperlipidemia and the severity of atopic
dermatitis. However, a German case-control study performed in adults yielded a conflicting result
with ours, by reporting that the HDL-C level was significantly higher in subjects with atopic
dermatitis (61.0 vs. 54.9 mg/dL; P < 0.01).” Meanwhile, our results indicated that the SCORAD
index, erythema, excoriation, lichenification, and pruritus scores in children had positive
correlations with the levels of TC and TG, and negative correlations with HDL-C level. Thus,

cholesterol might be related to the chronicity of atopic dermatitis in children.

The results of our Subset II Study indicated that the high TC group had a greater HR for

the onset of atopic dermatitis during a median follow-up time of 1,750 days. The Observational
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Health Data Sciences and Informatics (OHDSI) initiative is a large-scale international
collaborative that is investigating the value of analyzing health data.?°

The present study had several limitations. First, the Subset I study was not a longitudinal
study; hence, we could not make causal inferences regarding the relationship of dyslipidemia and
atopic dermatitis. Therefore, we used a retrospective long-term follow-up study (Subset II) to
mitigate this limitation. Second, because the sample size of Subset I was not large and participants
all lived in the same region of Korea, our results may not apply to all Korean children. In addition,
the prevalence of allergic diseases in our study population appears to be higher than found in
previous surveys.?$2? Since parents who were concerned about their child’s allergic diseases
would have been more inclined to respond to our survey, selection bias may have occurred in the
Subset I study. Therefore, caution should be exercised when interpreting our findings. Third,
information was not available on the family history of hereditary diseases related to dyslipidemia
and the dietary habits of participating children that may affect dyslipidemia. Fourth, in the Subset
II study, we did not perform repeated objective clinical assessments and there are data quality
issues inherent to working with health care databases, in that covariates, exposures, and outcomes
may be inadequately or incorrectly measured. However, our use of data standardization into a
common data model, propensity-score matching, and calibration via negative controls helped to
prevent erroneous conclusions. Also, the case definition of atopic dermatitis was based on ICD-10
diagnostic codes, so there may be questions about the validity of our definition. To address this
issue, we defined atopic dermatitis as at least 5 diagnoses of atopic dermatitis from ICD codes plus
2 treatment codes for atopic dermatitis drug therapy.??

Our study has many merits. To the best of our knowledge, this is the first large-sample
study of urban children to comprehensively investigate the association between blood lipid level
and the SCORAD index. Moreover, pediatricians specializing in allergies determined all
SCORAD index values. However, the small sample sizes of children with atopic dermatitis made
it difficult to determine whether there exists and association between dyslipidemia and severity of
atopic dermatitis. Our results may help to guide further large-scale cohort studies aimed at
revealing the relationship between dyslipidemia and severity of atopic dermatitis. Another strength
of the present work is that it included a longitudinal cohort analysis to supplement and validate the
cross-sectional analysis.

In conclusion, our results indicated that hyperlipidemia in children is positively associated

with the presence of atopic dermatitis and the SCORAD index. In addition, hypercholesterolemia
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might be a risk factor for onset of atopic dermatitis. These findings suggest that atopic dermatitis
should be considered a systemic disorder that shares certain characteristics with other chronic

inflammatory disorders.
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Table 1. Demographic and clinical characteristics of children enrolled in the subset I study (n =

248).
Control Atopic dermatitis P value
(n=179, 72.2%) (n=69, 27.8%)
Demographics
Age, years, mean (SD) 7.10 (0.30) 7.07 (0.29) 0.595
Sex, male, n (%) 100 (55.9) 38 (55.1) 0.910
Anthropometrics
BMI z score, n (SD) 0.07 (1.06) -0.10 (1.16) 0.274
Height, cm, n (SD) 121.5 (5.3) 121.7 (5.3) 0.800
Obesity”, n (SD) 62 (28.1) 4(22.2) 0.595
Lipid profile, median [IQR]
TC, mg/dL 173.0 [158.0 — 191.0] 194.0 [188.0 — 205.5] <0.01
TG, mg/dL 76.0 [55.0 —107.0] 97.0 [ 65.0 —129.5] 0.006
LDL-C, mg/dL 96.0 [83.0 —112.0] 90.0 [ 79.5 - 105.5] 0.172
HDL-C, mg/dL 62.0 [54.0 — 75.0] 61.0 [52.0 — 69.5] 0.112
Dyslipidemia
TC, n (%)
Normal 84 (33.9) 0(0.0) <0.001
Abnormal 95 (38.3) 69 (27.8)
TG, n (%)
Normal 86 (34.7) 22 (8.9) 0.021
Abnormal 93 (37.5) 47 (19.0)
LDL-C, n (%)
Normal 130 (52.4) 54(21.8) 0.363
Abnormal 49 (19.8) 15 (6.0)
HDL-C, n (%)
Normal 174 (70.2) 64 (25.8) 0.110
Abnormal 5(2.0) 5(2.0)

Abbreviations: SD, standard deviation; BMI, body mass index; LDL-C, Low-density lipoprotein

cholesterol; HDL-C, High-density lipoprotein cholesterol; TG, Triglyceride; TC, Total cholesterol;
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Atopic dermatitis was diagnosed using questionnaire based on self-reported symptoms within 12
months.

*Obesity definition was BMI z score >1.69

Missing data in BMI z score, n=8; height, n=9; and obesity, n=8.

Total cholesterol levels > 170 mg/dL, triglyceride levels > 75 mg/dL, low-density lipoprotein
cholesterol levels > 110 mg/dL, or high-density lipoprotein cholesterol levels < 45 mg/dL were

taken as abnormal.

This article is protected by copyright. All rights reserved



Table 2. Relationship of the SCORAD index with lipid parameters in the subset I study.

SCORAD index
Healthy control Mild SCORAD Mod-Severe SCORAD P value

Total cholesterol, median [IQR] 180.5 [158.0 — 195.0] 184.0 [168.0 — 197.0] 190.5 [181.8 — 198.8]" 0.048
Normal, n (%) 69 (83.1) 11(13.3) 3(3.6) 0.011
Abnormal, n (%) 109 (66.5) 32 (19.5) 23 (14.0)

Triglyceride, median [IQR] 75.5[56.8 —104.0] 86.0 [60.0 — 126.0] 107.0 [60.5 — 145.5]" 0.008
Normal, n (%) 86 (80.4) 14 (13.1) 7(6.5) 0.035
Abnormal, n (%) 92 (65.7) 29 (20.7) 19 (13.6)

LDL-C, median [IQR] 96.0 [83.0 — 112.0] 96.0 [81.0 — 106.0] 87.0 [74.8 — 95.3] 0.081
Normal, n (%) 128 (69.9) 33 (18.0) 22 (12.0) 0.35
Abnormal, n (%) 50 (78.1) 10 (15.6) 4(6.3)

HDL-C, median [IQR] 65.0 [54.8 —76.0] 58.0 [53.0—70.0] 56.5 [51.8 — 62.3]" 0.003
Normal, n (%) 172 (72.6) 42 (17.7) 23(9.7) 0.117
Abnormal, n (%) 6 (60.0) 1 (10.0) 3 (30.0)

Abbreviations: IQR, interquartile range; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol.

All continuous variables were analyzed using the nonparametric Mann-Whitney U test.

SCORAD index was measured by performing physical examination of all participating children by two pediatricians, regardless of the ISAAC
questionnaire-based diagnosis of atopic dermatitis. The SCORAD score: mild (<25), moderate (25-50), and severe (>50).
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*P value < 0.05 compared to healthy controls using post-hoc analysis with Dunn test.
Total cholesterol levels > 170 mg/dL, triglyceride levels > 75 mg/dL, low-density lipoprotein cholesterol levels > 110 mg/dL, or high-density

lipoprotein cholesterol levels < 45 mg/dL were taken as abnormal.
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Table 3. Relationship of atopic dermatitis and SCORAD index with lipid parameters in the subset I study.

Atopic dermatitis SCORAD index
Abnormal
OR (95% CI) P value aOR (95% CI)" P value B (95% CI) P value aP (95% CI)* P value

Lipid profile

Total cholesterol 1.053 (1.035-1.071) <0.001 1.057 (1.037 - 1.076) <0.01 0.081 (0.019 — 0.143) 0.011 0.085 (0.021 — 1.150) 0.010
Triglyceride 1.008 (1.002 - 1.013) 0.007 1.009 (1.003 - 1.014) 0.004 0.044 (0.012 — 0.076) 0.007 0.047 (0.014 — 0.080) 0.006
LDL-C 0.993 (0.980 — 1.006) 0.277 0.992 (0.979 — 1.005) 0.240 -0.066 (-0.136 — 0.005) 0.069 -0.068 (-0.142 — 0.007) 0.075
HDL-C 0.985 (0.965 — 1.005) 0.984 0.985 (0.964 — 1.005) 0.143 -0.153 (-0.258 — -0.049) 0.004 -0.151 (-0.260 — -0.043) 0.006

Abbreviations: CI, Confidence interval; OR, Odds ratio; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol.
Atopic dermatitis was diagnosed using questionnaire based on self-reported symptoms within 12 months.
SCORAD index was measured by performing physical examination of all participating children by two pediatricians, regardless of the ISAAC

questionnaire-based diagnosis of atopic dermatitis.

*Generalized linear models with the logit or gamma function, depending on the data distribution, were used to determine the odds ratio or beta value
between lipid profiles and atopic dermatitis presence or SCORAD score adjusted for gender, and BMI z score.
Total cholesterol levels > 170 mg/dL, triglyceride levels > 75 mg/dL, low-density lipoprotein cholesterol levels > 110 mg/dL, or high-density

lipoprotein cholesterol levels < 45 mg/dL were taken as abnormal.
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Figure legends

Figure 1. Relative to controls, children with AD had significantly higher levels of total cholesterol
(A; 173.0 [158.0, 191.0] vs. 194.0 [188.0, 205.5] mg/dL, P < 0.001) and total triglycerides (B;

76.0 [55.0, 107.0) vs. 97.0 [65.0, 129.5] mg/dL, P = 0.006), but these two groups had no
statistically significant differences in the levels of LDL-C (C; 96.0 [83.0, 112.0) vs. 90.0 [79.5,
105.5] mg/dL, P = 0.172) and HDL-C (D; 62.0 [54.0, 75.0] vs. 61.0 [52.0, 69.5] mg/dL, P = 0.172).
Red dashed lines indicate borders between normal and abnormal values; Total cholesterol levels >
170 mg/dL, triglyceride levels > 75 mg/dL, low-density lipoprotein cholesterol levels > 110

mg/dL, or high-density lipoprotein cholesterol levels < 45 mg/dL were taken as abnormal.

Figure 2. Kaplan-Meier curves for the probability of disease-free survival (no atopic dermatitis) in
children with normal total cholesterol (blue line) and high total cholesterol (red line). Criteria used
to define atopic dermatitis: at least 5 diagnostic codes based on ICD-10, and total cholesterol >170
mg/dL. Consensus hazard ratio: 2.47; 95% CI: 1.23, 5.06, P = 0.012. Abbreviations: CI,

Confidence interval; HR, hazard ratio; Ref, Reference.

This article is protected by copyright. All rights reserved



280

240

erfjdl.

Total chobesterol,
H
:

(A)

2 H

Low-demity lipoprotein , mg/dL.
E
i

a0

Control

©).

Atopic dermaitis

a20-

280

240

Rt

120

High-deasity li poprotein . mg/dl

Contral

Atapic dermatitis

This article is protected by copyright. All rights reserved

Contral

Atopic dermatitis

Contral

pai_13391_fl.jpg

Atapic dermatitis



1.00-

=
g 0.98-
- S
@
0.94-
0 250 500 750 1000 1250 1500 1750
Time in days

Number at risk
High TC 1722 670 498 384 299 237 190 155
Normal Tc 6735 3040 2344 1898 1558 1250 1,033 863

Exposure Number of  Median follow Number of events HR (95%CI,
subjects up (days) (incidence of atopic P value)
dermatitis)
Normal TC 863 1,750 48 (5.6%) Ref
High TC 155 1,750 21 (13.5%) 247(1.23-5.06,
0.012)

pai_13391_f2.jpg

This article is protected by copyright. All rights reserved



Supplementary Table 1. Relationship of allergic sensitization with lipid parameters in the subset I study.

Allergen sensitization

Lipid profile OR (95% CI) P value aOR” (95% CI) P value
Total cholesterol 0.997 (0.986 — 1.007) 0.545 0.999 (0.988 — 1.009) 0.786
Triglyceride 1.004 (0.999 — 1.009) 0.147 1.004 (0.999 —1.010) 0.132
LDL-C 0.995 (0.984 — 1.008) 0.461 0.998 (0.985 - 1.010) 0.725
HDL-C 0.975 (0.957 - 0.994) 0.010 0.974 (0.954 - 0.993) 0.009

~N oo o B~ DN

Abbreviations: CI, Confidence interval; OR, Odds ratio; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein
cholesterol.

Odds ratios were analyzed by generalized linear models with the logit function.
Allergen sensitization was determined on the basis of results of skin prick tests with 13 inhalant and 9 food allergens.

*adjusted gender, and BMI z score
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Supplementary Table 2. Partial correlation analysis of the relationship of the SCORAD index with lipid parameters in the subset I study.

Lipid profile, rho (P value)

SCORAD index Total cholesterol Triglyceride LDL-C HDL-C
Total score 0.167 (0.010) 0.181 (0.005) -0.166 (0.076) -0.178 (0.006)
Extent 0.242 (<0.001) 0.295 (<0.001) -0.033 (0.613) -0.155 (0.017)
Intensity 0.158 (0.015) 0.152 (0.019) -0.123 (0.059) -0.161 (0.013)
Erythema 0.133 (0.041) 0.153 (0.019) -0.123 (0.059) -0.169 (0.009)
Edema/Papulation 0.085 (0.195) 0.066 (0.311) -0.106 (0.105) -0.074 (0.254)
Oozing/Crust 0.105 (0.107) 0.051 (0.433) -0.037 (0.567) -0.042 (0.518)
Excoriation 0.183 (0.005) 0.159 (0.015) -0.078 (0.233) -0.154 (0.018)
Lichenification 0.170 (0.009) 0.196 (0.002) -0.122 (0.062) -0.188 (0.004)
Dryness 0.101 (0.120) 0.097 (0.137) -0.123 (0.060) -0.144 (0.027)

Subjective symptoms
Pruritus
Sleep loss

0.134 (0.039)
0.154 (0.018)
0.034 (0.605)

0.182 (0.005)
0.208 (0.001)
0.049 (0.455)

-0.095 (0.147)
-0.095 (0.147)
-0.051 (0.431)

-0.191 (0.003)
-0.206 (0.001)
-0.082 (0.220)

Abbreviations: LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol;

All nonparametric continuous variables were analyzed using the Spearman’s correlation coefficient and adjusted for gender and BMI z score.
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Figure legends

Figure E1. Kaplan-Meier curves for the probability of disease-free survival (no diagnosis of atopic dermatitis) in children with normal total
cholesterol (blue line) and high total cholesterol (red line). Criteria used to define atopic dermatitis: at least 5 diagnostic codes based on ICD-
10, and total cholesterol >200 mg/dL. Consensus hazard ratio: 2.13; 95% CI: 1.07, 4.25, P = 0.032; Abbreviations: Cl, Confidence interval,

HR, hazard ratio; Ref, Reference.
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Exposure Number of  Median follow Number of events HR (95%CI,
subjects up (days) (incidence of atopic P value)
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Figure E2. Kaplan-Meier curves for the probability of disease-free survival (no atopic dermatitis) in children with normal total cholesterol
(blue line) and high total cholesterol (red line). Criteria used to define atopic dermatitis: at least 1 diagnostic code based on ICD-10, and total

cholesterol >170 mg/dL. Consensus hazard ratio: 1.66; 95% CI: 1.07, 2.55, P = 0.022. Abbreviations: CI, Confidence interval; HR, hazard

ratio; Ref, Reference.
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