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ABSTRACT
Objective: Children with systemic lupus erythematosus (SLE) especially have a more aggressive course and a worse outcome. Previous reports have posed a possible link between SLE and allergy. However, there have been relatively few epidemiologic studies to explore the relationship between atopic dermatitis (AD) and SLE in children. This population-based cohort study is to investigate the incidence and risk of juvenile onset SLE (JSLE) among children with AD.
Methods: From 2000 to 2007, 192,357 children with newly diagnosed AD and 769,428 randomly selected non-AD controls were enrolled. A multivariate Cox proportional hazard regression model was used to measure the incidence rate and risk of JSLE in AD compared to non-AD cohorts.
Results: Overall, the SLE incidence was 2.92-fold greater in the AD cohort than in the non-AD cohort (3.25 vs. 1.12 per 100,000 person-years, 95%CI=1.85-4.60) in the following 9 years and this pattern was similar in both gender. The incidence markedly increased when AD children older than 12 years (22 per 100,000 person-years, HR 6.6, 95% CI = 2.88-13.1) compared to non-AD cohort. The HR of JSLE increased when AD children with more related medical visits per year, from 1.55 (95% CI =0.88-2.76) for those having 3 or fewer visits to 66.3 (95% CI =33.1-132.8) for those having more than 6 visits (trend test p<0.0001). The risk of developing SLE for patients with AD was highest within five year of follow-up after AD has been diagnosed (HR=4.02, 95%CI=2.83-7.08).
Conclusion: Children with AD have higher incidence and risk to develop JSLE than no-AD children regardless of gender. In the future, the mechanism of AD on JSLE development should be better elucidated to establish innovative disease intervention and therapy.
Background
Children with systemic lupus erythematosus (SLE) have more serious organ involvement, a more aggressive course and a worse outcome.1, 2The annual incidence of juvenile onset SLE (JSLE) is less than one per 100,000 children per year. The low incidence makes it hard to perform a study with a substantial number of patients.3 To date, SLE has neither a specific treatment for disease healing nor a diagnostic tool for disease prevention. Long-term immunosuppressive therapy is still the mainstay of treatment, with multiple adverse side effects observed. Although great efforts have put towards better understanding and developing treatment strategies for SLE over the past 60 years, the etiology of SLE has not clearly established.4, 5
A possible link has been posed between SLE and allergic diseases, but the nature between these disorders remain unclear. 6-10 Atopic dermatitis (AD), an IgE mediated chronic skin inflammatory disease. AD is mostly onset preceding other allergic disorders in infancy and early childhood.17 Interestinly, whether the Th2 related disease, AD, contribute to the development of Th1 related autoimmune disease, JSLE has been unknown. In addition, human epidemiologic studies that explore the association between AD and JSLE in children are lacking. Therefore, we performed a population-based cohort study to examine the hypothesis of childhood onset allergic disease, AD, may contribute to the development of JSLE. More recently, patients with SLE were noted to have elevated serum IgE which was associated with SLE disease activity.11-16
Methods

Data Sources
Our retrospective cohort study used research data from reimbursement claims of the National Health Insurance (NHI) Program in Taiwan, which was implemented in March 1995 and covers >99% of 23.74 million Taiwan residents. The National Health Research Institutes (NHRI) is responsible to manage the insurance claims data that records all beneficiaries’ medical services, including outpatient and inpatient demographics, primary and second diagnoses, procedures, prescriptions, and medical expenditures, for administrative and research uses (http://www.nhi.gov.tw/english/index.aspx).18, 19 This study used a dataset consisting of a randomly selected sample of half of all insured children in Taiwan. This study was exempt from the Institutional Review Board because the NHIRD database contains de-identified person identifiers and is publicly available through the proper application process. The International Classification of Disease, Ninth Revision (ICD-9), was used to define diagnostic disease codes, which had been reported with high accuracy and validity for study using NHIRD database. 20,21
Study design and subjects

The atopic dermatitis (AD) cohort included patients younger than 18 years with AD (ICD-9-CM 691) diagnosed from 2000 to 2007 with the date of AD diagnosis as the index date. A non-AD comparison cohort was randomly selected from rest of children in the same years frequency-matched without AD by sex, age, urbanization of residence area, and parental occupation, and index year. For each child with AD, 4 comparison children were selected to increase the statistical power. We excluded children who had missing data on date of birth, sex, or with preexisting systemic lupus erythematosus (SLE) (ICD-9-CM 710.0) from the study cohorts. Each child was followed from the index date until the developing SLE, insurance was withdrawal, or until 31 December 2008, with estimated follow-up person-years. The SLE events diagnosis was confirmed by the International Classification of Diseased, 9th Revision of the Clinical Modification (ICD-9-CM), and the Registry for Catastrophic Illness Patient Database (RCIPD), which includes selected major injuries or illnesses and is published by the Department of Health, Executive Yuan. To register as SLE, the diagnosis must be made by board-certified specialist and the application is further reviewed and approved by the Bureau of NHI, which ensures the accuracy and reliability of the diagnosis. 
Statistical analysis

The sociodemographic variables in this study were sex, age, urbanization, and parent’s occupation. The urbanization level was categorized by the population density of the residential area into 4 levels, with level 1 as the most urbanized and level 4 as the least urbanized. All data analyses were performed using SAS software version 9.1 (SAS institute Inc., Carey, NC), and the significance level was set at 0.05 in two-tailed tests. The means and standard deviations (SDs) for continuous variables and counts and percentages for categorical variables were used to demonstrate the baseline distributions of the AD and non-AD cohorts. The differences were examined using the Chi-square test for categorical variables and the 
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-test for continuous variables. The Kaplan-Meier method was used to estimate proportions of the studies subjects who did not suffer from SLE during the follow-up period in both cohorts. The incidence densities were calculated for each cohort. Hazard ratios (HRs) and 95% confidence interval (CI) were calculated using multivariable Cox proportional hazard regression models, with the non-AD comparison cohort as the reference group, to assess the association between AD and risk of developing a SLE. The Cox model was also used to estimate the HRs of SLE associated with the annual average of medical visits by AD, compared to the non-AD cohort. Further analysis was performed to assess whether the association of SLE varied according to the length of the follow-up period after AD was diagnosed.
Results
This study evaluated 192,357 AD cases and 769,428 non-AD controls. The majority of these children were aged ≤ 2 years (64.3%), living in higher urbanization regions (61.5%) and most white collar of parent occupation (63.2%). The Kaplan-Meier survival analysis showed that the SLE-free rate was lower in the AD cohort than non-AD cohort (long-rank p<0.0001; Figure 1). Table 2 presents the incidence densities in the both cohorts and AD/non-AD hazard ratios of SLE by sociodemographic status. Overall, the SLE incidence was 2.92-fold greater in the AD cohort than in the non-AD cohort (3.25 vs. 1.12 per 100,000 person-years, HR=2.92, 95%CI=1.85-4.60) in the following 9 years. When stratified by age, the incidence density rates of SLE increase with age. The >12 year-old group had a 6.16-fold relative risk of developing SLE (95% CI =2.88-13.1) in the AD cohort than in the non-AD cohort. Generally, the incidence rate of JSLE was greater in girls in both cohorts. For girls, the incidence density rates are 5.21 and 1.86 per 100,000 person-years in AD and non-AD cohorts, respectively. The gender specific HR for AD cohort compared to non-AD cohort was approximately 3.0 in both genders. The urbanization specific HR for AD cohort compared to non-AD cohort was also approximately 3.0 between different degree of urbanization. The incidence of SLE was the highest in the AD children whose parents are the blue collar (4.82 per100,000 person-years) and was the lowest in the non-AD children whose parents are others (0.21 per100,000 person-years). Compared to the non-AD cohort, the HR increased with the number of medical visits because of AD, from 1.55 (95% CI =0.88-2.76) for those having 3 or fewer visits, up to 66.3 (95% CI =33.1-132.8) for those having 6 and more visits (P for trend < 0 .0001). The risk trend for both genders was similar. The risk of developing SLE for patients with AD was highest within five year of follow-up after AD has been diagnosed (HR=4.02, 95%CI=2.83-7.08), followed by follow-up of 5 or more years (HR=1.60, 95%CI=0.71-3.63) (Table 4).
Discussion
By far, this is the first population-based cohort study to investigate the incidence of JSLE in childhood with AD compared to a non-AD control group. The results show a significantly increased incidence rate of JSLE in childhood among those with AD regardless of gender. During the first 5 years after AD diagnosis, the clinic physicians should pay close attention to the expression of SLE-related biomarkers. 
JSLE is rare disease with an estimated annual incidence of 0.36-0.9 per 100,000 children per year, with a significantly higher incidence among non-Caucasian children, especially Asians, and African Americans.5, 22 The current study revealed an incidence rate of 1.12 per 100,000 person per year in non-AD Han Chinese children, which is similar to previous study population. Interestingly, a significantly increased incidence rate of 3.25 per 100,000 persons per year was observed in AD children. In addition, the incidence rate further increased in children with AD older than 12 (22 per 100,000 person per year) and those with female gender (5.21 per 100,000 person per year). More medical visits for AD with increased risk for incidence rate of JSLE indicated the risk of JSLE increasing with more serious or uncontrolled skin inflammation of AD.
It is well recognized that the pathogenesis of SLE is from loss of self-tolerance due to environmental and/or genetic factors.1Environmental and/or genetic factors as contributors to development or severity of disease are evident but their roles are poorly understood to date. Only a few studies with limited numbers of patients investigating the association between allergic diseases and SLE have produced inconsistent results.6-9 Most of these studies were cross sectional in nature, mainly focusing on adult patients.6-9 The causality between allergic disease and SLE in children has not been clearly established. The strength of this study is that it is the first cohort study to investigate the precise quantiﬁcation of the incidence of JSLE in children with AD. Our results, contrary to the Th1/Th2 paradigm, 23-25 revealed increased incidence rate and risk of JSLE in AD children cohort and the risk further increased with severity of AD symptoms. Second, the current study is a population-based study which minimizes the selection bias in other case-control studies. Third, the diagnosis of AD by physicians other than using questionnaires which minimizes the selection bias and recall bias. SLE was defined using ICD-9-CM, and RCIPD, which ensures better diagnosis validity. Fourth, we adjusted the possible confounding factors, including age, gender, urbanization of residence area, parental occupation, and baseline year. Ethic influence was not considered to be adjusted because most of the population in Taiwan is ethnic Chinese.

Elevated total serum IgE has also been described in SLE patients.11-16 Some studies suggest that elevated IgE correlates with disease activity and nephritis. 11, 12, 14A recent study, in a mouse model of SLE and in human SLE subjects, reported that the activation of the basophil by autoreactive IgE-containing immune complexes serves to amplify the production of autoantibodies and contributes to the pathogenesis of disease15, 16 The above research advances support our finding of Th2 environment in contributing to the development of SLE.
There are several limitations to this study that are worth noting. Period of follow-up was about 10 years, which may not be enough to see the long-term relationship between AD and SLE. However, the prominent positive effect of AD on JSLE was still observed. Even though the current study is the largest population to investigate the incidence of JSLE in an AD cohort, JSLE is a very rare disease and subsequent risk analysis of more frequently occurring presentations of JSLE, such as lupus nephritis, thrombocytopenia, encephalopathy and so on cannot be performed due to insufficient patient numbers. In addition, a number of possible confounding variables, including body mass index and family history of allergic diseases, which are associated with allergic diseases were not included in our database. Another limitation is the lack of data for the study group on genetic and behavioral factors which might affect the risks JSLE and allergic diseases. 
In conclusion, this population-based cohort study revealed a significantly increased incidence rate of JSLE in children with AD regardless of gender. In the future, more research should look to explore the role of Th2 mediated allergic disease contributing to the development of Th1 mediated autoimmune disease, and provide a potential strategy of diagnosis and therapeutic promise in disease intervention. 
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	Table 1. Demographics between children with and without atopic dermatitis (AD)

	
	Non-AD 
(N=769428)
	AD 
(N=192357)
	

	
	n
	%
	n
	%
	p-value

	Age, years, mean (SD)＊
	3.31
	±4.39
	3.24
	±4.42
	<0.0001

	Stratified age
	
	
	
	
	 0.99

	≤ 2
	495000
	(64.3)
	123750
	(64.3)
	

	  3-5
	87312
	(11.4)
	21828
	(11.4)
	

	  6-12
	128996
	(16.8)
	32249
	(16.8)
	

	  > 12
	58119
	(7.55)
	14530
	(7.55)
	

	Sex
	
	
	
	
	 0.99

	Girl
	358995
	(46.7)
	89749
	(46.7)
	

	Boy
	410432
	(53.3)
	102608
	(53.3)
	

	Follow-up time, years
	
	
	
	
	

	Urbanization†
	
	
	
	
	 0.99

	1 (highest)
	246043
	(32.0)
	61511
	(32.0)
	

	2
	227036
	(29.5)
	56759
	(29.5)
	

	3
	133892
	(17.4)
	33473
	(17.4)
	

	4 (lowest)
	162456
	(21.1)
	40614
	(21.1)
	

	Parental occupation 
	
	
	
	
	 0.99

	White collar 
	485987
	(63.2)
	121497
	(63.2)
	

	Blue collar
	169204
	(22.0)
	42301
	(22.0)
	

	Others‡
	114236
	(14.9)
	28559
	(14.9)
	

	Chi-square test, ＊t-test

‡Other occupations included primarily retired, unemployed, or low income populations.

†: The urbanization level was categorized by the population density of the residential area into 4 levels, with level 1 as the most urbanized and level 4 as the least urbanized.


	Table 2. The risk of systemic lupus erythematosus compared to children without atopic dermatitis stratified by demographics in Cox proportional hazard regression

	
	Non-atopic dermatitis
	
	Atopic dermatitis
	

	
	SLE case
	Person-years
	IR
	
	SLE case
	Person-years
	IR
	Adjusted HR†
(95% CI)

	All 
	44
	3916887
	1.12
	
	32
	986119
	 3.25
	 2.92(1.85, 4.60)***

	Stratified age
	
	
	
	
	
	
	
	

	≤ 12
	33
	3608099
	0.91
	
	15
	908827
	 1.65
	 1.81(0.98, 3.32)

	> 12
	11
	 308788
	3.56
	
	17
	 77291
	22.00
	 6.16(2.88, 13.1)***

	Gender
	
	
	
	
	
	
	
	

	Girl
	34
	1830178
	1.86
	
	24
	460876
	 5.21
	 2.83(1.68, 4.77)***

	Boy
	10
	2086709
	0.48
	
	8
	525242
	 1.52
	 3.21(1.27, 8.14)*

	Urbanization 
	
	
	
	
	
	
	
	

	Urban
	28
	2399413
	1.17
	
	20
	604766
	 3.31
	 2.87(1.61, 5.09)***

	Rural
	16
	1517474
	1.05
	
	12
	381353
	 3.15
	 3.01(1.43, 6.37)**

	Parental occupation 
	
	
	
	
	
	
	
	

	White collar 
	32
	2538008
	1.26
	
	17
	639041
	 2.66
	 2.13(1.18, 3.84)*

	Blue collar
	11
	 909563
	1.21
	
	11
	228140
	 4.82
	 4.02(1.74, 9.26)**

	Others
	 1
	 469316
	0.21
	
	 4
	118938
	 3.66
	16.1(1.80, 144.3)*

	IR, incidence rate, per 100,000 person-years

Adjusted HR†, adjusted for age and sex

* p<0.05, ** p<0.01, *** p<0.001


	Table 3. The risk of systemic lupus erythematosus among average frequency for medical visits of atopic dermatitis in Cox proportional hazard regression

	Average frequency for medical visit, per years
	SLE case
	Person-years
	IR
	Adjusted HR†
(95% CI)

	All 

	None
	44
	3916887
	  1.12
	 1.00(Reference)

	≤3
	16
	 913177
	  1.75
	 1.55(0.88, 2.76)

	4-6
	 6
	  56734
	 10.60
	11.30(4.81, 26.7)***

	> 6
	10
	  16208
	 61.70
	66.30(33.1, 132.8)***

	p for trend
	
	
	
	<0.0001

	Girl 
	
	
	
	

	None
	34
	1830178
	  1.86 
	 1.00(Reference)

	≤3
	13
	 428607
	  3.03 
	 1.62(0.85, 3.06)

	4-6
	 3
	  25495
	 11.80 
	 7.48(2.29, 24.5)***

	> 6
	 8
	   6774
	118.10 
	74.4 (34.2, 161.6)***

	p for trend
	
	
	
	<0.0001

	Boy  
	
	
	
	

	None
	10
	2086709
	  0.48 
	 1.00(Reference)

	≤3
	 3
	 484570
	  0.62 
	 1.29(0.35, 4.67)

	4-6
	 3
	  31239
	  9.60 
	21.40(5.82, 79.0)***

	> 6
	 2
	   9434
	 21.20 
	47.10(10.2, 217.9)***

	p for trend
	
	
	
	<0.0001

	IR, incidence rate, per 100,000 person-years

Adjusted HR†, adjusted for age and sex

* p<0.05, ** p<0.01, *** p<0.001


	Table 4 Trends of systemic lupus erythematosus event risk by stratified follow-up years

	　
	Non-atopic dermatitis
	
	Atopic dermatitis
	　

	Follow time
	SLE case
	Person-years
	IR
	
	SLE case
	Person-years
	IR
	Adjusted HR†
(95% CI)

	SLE
	
	
	
	
	
	
	
	

	≤5 years
	24
	3113134
	0.77
	
	24
	782734
	3.07
	4.02(2.83, 7.08)***

	>5 years
	20
	 803752
	2.49
	
	 8
	203384
	3.93
	1.60(0.71, 3.63)

	IR, incidence rate, per 100,000 person-years

Crude HR, hazard ratio

Adjusted HR†, adjusted for age and sex

* p<0.05, ** p<0.01, *** p<0.001
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Figure 1. Probability free systemic lupus erythematosus for patients with atopic dermatitis (dashed line) or without atopic dermatitis (solid line)

