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Background: Some allergic inflammation–associated 
mediators have been reported in acute stage of Henoch–
Schönlein purpura (HSP). However, the association of children 
with allergic diseases and their subsequent risks of HSP and 
HSP nephritis remain unknown.
Methods: In this study, we included 2,240 children with HSP 
diagnosed between 2000 and 2008 as well as 8,960 non-HSP 
controls matched for age, sex, and level of urbanization. The 
odds ratios (ORs) of HSP were calculated with respect to asso-
ciations with pre-existing allergic diseases.
Results: Children with allergic diseases had an increased sub-
sequent risk of HSP; the lowest adjusted OR (aOR) was 1.33 for 
allergic conjunctivitis (95% confidence interval (CI): 1.17–1.52) 
and the highest was 1.68 for asthma (95% CI: 1.48–1.91). The 
aOR increased to 2.03 (95% CI: 1.80–2.31) in children with at 
least two allergic diseases. Children who visited medical insti-
tutes more often per year for associated allergic diseases had an 
increased risk of HSP. Of the 2,240 children with HSP, 249 (11%) 
had HSP nephritis and 45.8% of those with nephritis had history 
of any allergic disease.
Conclusion: Atopic children had an increased subsequent 
risk of HSP but not an increased risk of HSP nephritis.

Henoch–Schönlein purpura (HSP) is a common systemic 
small vessel vasculitis that primarily affects children and 

is characterized by nonthrombocytopenic purpura, abdominal 
pain and bleeding, arthritis, and renal involvement. Although 
the clinical course of HSP is generally benign and self-limited 
(1), renal function impairment, bowel perforation, and central 
nerve system involvement are rare but cause severe morbid-
ity and long-term complication which need more aggressive 
treatment (1–3). HSP with renal involvement, HSP nephritis, 
has been reported to occur in 20–50% of the patients with HSP, 
and the long-term outcome of HSP depends primarily on the 
extent of renal involvement (4–7). The manifestations of HSP 
nephritis vary from asymptomatic hematuria and/or protein-
uria to nephritic syndrome, nephrotic syndrome, and rap-
idly progressive glomerulonephritis (4–7). To date, the exact 

etiology and pathogenesis of HSP are unknown. However, 
HSP is regarded as a specific immune-mediated inflammation 
induced by environmental factors, such as infections and sea-
sonal variation (1,8). Some inflammatory mediators, including 
tumor necrosis factor (TNF)-α, interleukin-6, IL-8, transform-
ing growth factor (TGF)-β, vascular endothelial growth fac-
tor (VEGF), and cysteinyl leukotrienes, have been reported to 
be higher in children with acute HSP than in healthy controls 
(9–11). Cysteinyl leukotrienes are potent inflammatory media-
tors which contribute to asthma (12). Elevated Th2-mediated 
biological markers such as elevated serum IgE, serum eosino-
phil cationic protein (ECP), and urinary leukotriene E4 levels 
were found in acute stage of HSP (10–13). The onset of HSP 
has been reported after exposure to drug or food allergens, 
vaccines, and insect bites (14–16). In our clinical experience, 
some children with HSP also have allergic diseases. To date, 
no large population study systemically analyzes the association 
between allergic diseases and risks of HSP and HSP nephritis. 
In this nationwide, population-based, case–control study, we 
aim to investigate temporal relationships between allergic dis-
eases, including allergic conjunctivitis, allergic rhinitis (AR), 
asthma, and atopic dermatitis, and the subsequent risk of HSP 
and HSP nephritis in Taiwan children.

RESULTS
The annual incidence rate of HSP in Taiwanese children was 
8.10 (7.10–8.79) per 100,000 children between 2000 and 2008 
(Table  1). A total of 2,240 subjects with HSP were identi-
fied, including 1,174 male (52.4%) and 1,066 female subjects 
(47.6%). The mean (SD) age at HSP diagnosis was 7.46 (3.94) 
y. More than half of the subjects with HSP resided in urban 
areas (approximately 61%) and were older than 5 y (70.3%). 
The incidence rates of the following atopic diseases were sig-
nificantly higher in the HSP group than in the non-HSP group 
as shown in Table 2.

In the entire study population, an increased subsequent 
risk of HSP was observed in children with each allergic dis-
ease (Table 3). The increased risks constantly existed in both 
genders when the association was evaluated according to sex 
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(Table 3). We further examined the joint effects of certain aller-
gic diseases and their association with HSP and found that the 
adjusted odds ratios (aORs) increased to 2.03 (95% confidence 
interval (CI): 1.80–2.31) in children with two more allergic 
diseases (Table 3). The aORs of HSP increased to 2.28 (95% 
CI: 1.79–2.92), 1.97 (95% CI: 1.56–2.49), and 1.97 (95% CI: 
1.63–2.38) for the age groups of younger than 5, 5–7, and older 
than 7 y, respectively, among those with two or more allergic 
diseases (P value < 0.001; Table 4). We further examined the 
association between the annual frequency of medical visits due 
to allergic diseases and the risk of HSP. Compared with those 
without medical visits for allergic diseases, the aORs increased 
in children with more allergic disease–related medical visits 
per year (Table 5). Of the 2,240 children with HSP, 249 chil-
dren (11%) had renal involvement (girls 12%, boys 10.3%). 
Of those with renal involvement, 114 children (45.8 %) had 
history of at least one allergic disease, and AR was the most 
prevalent allergic disease (Table 6).

DISCUSSION
This is one of the few studies on association between allergy 
and HSP. HSP had been termed anaphylactoid purpura 
because HSP was reported to develop after exposure to aller-
gens in drugs or food, vaccine, and insect bites (15,16). Most of 
these studies were anecdotal reports but failed to demonstrate 
a causative role of atopy in HSP. Elevated soluble IL-2 receptor 
levels and a shift toward increased Th1 lymphocyte produc-
tion in children with HSP in some studies indicate that HSP is 
a Th1-polarized disease (10,17,18). On the contrary, elevated 
Th2-mediated biological markers such as elevated serum IgE, 
serum ECP, and urinary leukotriene E4 levels were also found 
during acute stage of HSP in other studies, indicating a shift 
toward Th2 immune response (10–13). The complexity of Th1/
Th2 interaction of HSP raises a research interest whether Th2-
mediated allergic diseases have any influence on the develop-
ment of HSP and HSP nephritis. This population-based study 
suggests that children with allergic diseases, including allergic 
conjunctivitis, AR, asthma, and atopic dermatitis, were more 

likely to develop HSP regardless of sex, age, and season. The 
risks increased further with the cumulative effects of concur-
rent allergic diseases and allergic disease–related medical vis-
its. However, allergic diseases did not associate with further 
increase in renal involvement among HSP children. This study 
has several strengths. First, it robustly demonstrates the rela-
tionship between atopic diathesis and risk of HSP using a large 

Table 1.  Annual incidence rate of HSP in Taiwan children

Calendar year Total population HSP cases Incidence rate

1999 2,999,559 213 7.10

2000 2,951,131 239 8.10

2001 2,909,223 241 8.28

2002 2,853,181 242 8.48

2003 2,794,477 200 7.16

2004 2,743,320 210 7.65

2005 2,697,539 249 9.23

2006 2,638,402 232 8.79

2007 2,569,563 215 8.37

2008 2,499,236 199 7.96

Total 27,655,631 2,240 8.10

The data show incidence rate, per 100,000.
HSP, Henoch–Schönlein purpura.

Table 2.  Comparisons in sociodemographic factors and 
comorbidities between cases with HSP and controls

Total Non-HSP HSP

P value

N = 11,200 n = 8,960 n = 2,240

n (%) n (%) n (%)

Age (y), 
mean ± SDa 7.46 ± 3.95 7.46 ± 3.96 7.46 ± 3.94 0.95

Stratified age (y) 0.99

  <5 3,320 (29.6) 2,656 (29.6) 664 (29.6)

  5–7 2,880 (25.7) 2,304 (25.7) 576 (25.7)

  ≥8 5,000 (44.6) 4,000 (44.6) 1,000 (44.6)

Sex 0.99

  Girl 5,330 (47.6) 4,264 (47.6) 1,066 (47.6)

  Boy 5,870 (52.4) 4,696 (52.4) 1,174 (52.4)

Urban status 0.99

  1 (highest) 3,415 (30.5) 2,732 (30.5) 683 (30.5)

  2 3,405 (30.4) 2,724 (30.4) 681 (30.4)

  3 2,045 (18.3) 1,636 (18.3) 409 (18.3)

  4 (lowest) 2,335 (20.9) 1,868 (20.9) 467 (20.9)

Seasons <0.001

  Spring 2,794 (25.0) 2,255 (25.2) 539 (24.1)

  Summer 2,630 (23.5) 2,185 (24.4) 445 (19.9)

  Fall 2,844 (25.4) 2,250 (25.1) 594 (26.5)

  Winter 2,932 (26.2) 2,270 (25.3) 662 (29.6)

Comorbidity

  �Allergic conjunctivitis <0.001

    No 9,711 (86.7) 7,829 (87.4) 1,882 (84.0)

    Yes 1,489 (13.3) 1,131 (12.6) 358 (16.0)

  �Allergic rhinitis <0.001

    No 8,713 (77.8) 7,141 (79.7) 1,572 (70.2)

    Yes 2,487 (22.2) 1,819 (20.3) 668 (29.8)

  Asthma <0.001

    No 9,750 (87.1) 7,916 (88.4) 1,834 (81.9)

    Yes 1,450 (13.0) 1,044 (11.7) 406 (18.1)

  �Atopic dermatitis <0.001

    No 10,513 (93.9) 8,468 (94.5) 2,045 (91.3)

    Yes 687 (6.1) 492 (5.5) 195 (8.7)

Chi-square tests were used to compare the data.
HSP, Henoch–Schönlein purpura.
aData were compared using t test.
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number of study subjects. Second, we analyzed the effect not 
only of a specific type of allergic disease but of a large number 
of common allergic diseases, the cumulative effect of comorbid 
allergic diseases, and the frequency of seeking medical care, 
which might reflect the severity and burden of clinically evi-
dent allergic disease. Third, the current study is a population-
based study with physician-diagnosed allergic diseases which 
minimizes selection and recall bias. Fourth, we adjusted for 
possible confounding factors, including age, gender, urban-
ization level, and season. Season is an important confounder 
adjusted in the current study because HSP more commonly 

occurs during autumn and winter (8). In addition, the onset of 
HSP is often preceded by an upper respiratory tract infection, 
and many respiratory pathogens have characteristic seasonal 
patterns. Fifth, ethnic influence was not considered in this 
study because of homogenous ethnicity in Taiwan.

The incidence of HSP in literatures has been reported to be 
6–24 per 100,000 children younger than 17 y of age, depend-
ing on the ethnic and geographic background (2,3,8). Our 
data revealed an annual incidence of 8.1 (7.1–9.2) per 100,000 
Taiwanese children younger than 19 y of age in 2000–2008. The 
incidence of HSP is slightly higher in boys than in girls (2,3,8). 
During this study period, there were 1,174 males and 1,066 
females,  with a male to female ratio of 1:1.1. The mean age of 
HSP onset was 7.46 ± 3.94 y in this study, which was similar to 
that of previous researches (2,3,8).

The cause of HSP is unclear, but most cases of HSP are often 
preceded by bacterial or viral infection (14–16). In addition, 
allergic reactions also may participate in the onset of HSP. HSP 
has been reported to follow drug or food allergy, insect bites, 
and immunization (14–16). Most of previous studies were 
anecdotal reports or studies with limited number of patients 
that found HSP occurs after allergic reaction or elevated Th2-
mediated biological markers such as serum IgE, serum ECP, 
and urinary leukotriene E4 levels in acute stage of HSP but 
failed to demonstrate a temporal relationship of atopy in HSP 
and HSP nephritis (2,3,8–11,14–16,19). Our results prove that 
children with allergic diseases were more likely to develop HSP.

Table 3.  Association and joint effects between allergic diseases and 
risk of HSP stratified by gender, aOR, and 95% CI in both patients and 
controls

Allergic disease

All (N = 11,200) Girls (n = 5,330) Boys (n = 5,870)

aOR (95% CI) aOR (95% CI) aOR (95% CI)

Allergic 
conjunctivitis

1.33 (1.17, 1.52)† 1.22 (1.01, 1.49)* 1.43 (1.20, 1.70)†

Allergic rhinitis 1.67 (1.51, 1.86)† 1.61 (1.37, 1.88)† 1.73 (1.50, 1.99)†

Asthma 1.68 (1.48, 1.91)† 1.53 (1.26, 1.87)† 1.79 (1.52, 2.11)†

Atopic dermatitis 1.65 (1.39, 1.97)† 1.46 (1.13, 1.90)** 1.83 (1.45, 2.32)†

Any one allergic 
disease

1.40 (1.25, 1.57)† 1.30 (1.10, 1.54)** 1.50 (1.28, 1.76)†

Any more than two  
allergic diseases

2.03 (1.80, 2.31)† 1.84 (1.52, 2.23)† 2.21 (1.87, 2.61)†

Values are adjusted for sex, age, season, and urbanization.
aOR, adjusted odds ratio; CI, confidence interval; HSP, Henoch–Schönlein purpura.
*P < 0.05. **P < 0.01. †P < 0.001.

Table 4.  Association between the number of allergic diseases and 
risk of HSP in different age group, OR, and 95% CI

Age (y) <5 (n = 3,320) 5–7 (n = 2,880) ≥8 (n = 5,000)

Allergic disease OR (95% CI) OR (95% CI) OR (95% CI)

  0 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

  1 1.38 (1.11, 1.71)* 1.39 (1.11, 1.74)* 1.43 (1.20, 1.70)**

  2+ 2.28 (1.79, 2.92)** 1.97 (1.56, 2.49)** 1.97 (1.63, 2.38)**

P value <0.001 <0.001 <0.001

Values are adjusted for sex, age, season, and urbanization.
CI, confidence interval; HSP, Henoch–Schönlein purpura; OR, odds ratio.
*P < 0.05. **P < 0.001.

Table 5.  Association between frequency of annual medical visit due to allergic diseases and HSP, aOR, and 95% CI

Frequency of allergic disease–related visit before HSP

Allergic disease

None 1–2 ≥3

P valueaOR (95% CI) aOR (95% CI) aOR (95% CI)

Allergic conjunctivitis 1.00 (Reference) 1.34 (1.15, 1.57)** 1.31 (1.07, 1.61)* 0.001

Allergic rhinitis 1.00 (Reference) 1.61 (1.39, 1.86)** 1.73 (1.51, 1.97)** <0.001

Asthma 1.00 (Reference) 1.66 (1.38, 2.00)** 1.70(1.45, 1.99)** <0.001

Atopic dermatitis 1.00 (Reference) 1.53 (1.23, 1.90)** 1.91 (1.44, 2.52)** <0.001

Values are adjusted for sex, age, season, urbanization, and mutual four allergic diseases.
aOR, adjusted odds ratio; CI, confidence interval; HSP, Henoch–Schönlein purpura.
*P < 0.05. **P < 0.001.

Table 6.  Percentage of HSP with renal involvement in children with 
or without history of allergic diseases

All Girls Boys

N = 2,240 N = 1,066 N = 1,174

n (%) n (%) n (%)

HSP with renal involvement 249 (11.0) 128 (12.0) 121 (10.3)

  No history of any allergic disease 135 (6.0) 76 (7.1) 59 (5.0)

  History of ≥one allergic disease 114 (5.1) 27 (2.5) 31 (2.6)

  History of allergic conjunctivitis 42 (1.9) 18 (1.7) 24 (2.0)

  History of allergic rhinitis 82 (3.7) 38 (3.6) 44 (3.8)

  History of atopic dermatitis 14 (0.6) 6(0.6) 8 (0.7)

  History of asthma 49 (2.2) 22 (2.1) 27 (2.3)

HSP, Henoch–Schönlein purpura.
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Although most of the children with HSP have a good out-
come, long-term prognosis of HSP depends on the severity 
of renal involvement. Previous studies reported that severe 
abdominal symptoms, older age, and persistent purpura 
decreased factor XIII activity and increased the risk of renal 
involvement (4,5). However, no other study except ours inves-
tigated whether pre-existing allergic diseases increased risk of 
HSP with renal involvement. Our data show that allergic dis-
eases do not increase subsequent risks of renal involvement in 
HSP children.

HSP is a systemic form of small-vessel vasculitis charac-
terized by elevated serum IgA levels, vascular deposition of 
IgA-contained immune complexes, and increased proinflam-
matory cytokines during the acute stage (17). To date, the exact 
triggers of the HSP cascade response are not clear. HSP was 
originally considered a Th1-mediated systemic form of vascu-
litis with a cytokine cascade and small-vessel endothelial cell 
lesions in the acute stage (17,18,20). The serum levels of Th1-
related cytokines such as IL-1, IL-6, and TNF as well as the sol-
uble IL-2 receptor were found to be elevated during the acute 
phase of HSP (17,18,20). In contrast, increasing numbers of 
studies have revealed elevated levels of Th2-related biomarkers 
in children with HSP (10–13). Allergic diseases are caused by 
inappropriate Th2 cell–mediated immunological responses to 
allergens. Th2 cells secrete IL-4 and IL-5, which lead to type 
1 hypersensitivity (21). HSP onset usually follows bacterial or 
viral infection, drug or food allergy, insect bites, and immu-
nization, suggesting that allergic reactions might participate 
in disease initiation (15,16). In the presence of IL-4, most B 
cells undergo immunoglobulin class switching to produce vast 
amounts of IgE (11,20). Davin et al. (12) reported that the inci-
dence of increased plasma IgE levels relative to age-matched 
normal values was significantly higher among HSP patients, 
indicating that IgE may play a pathogenic role in HSP. IL-5 
induces B-cell immunoglobulin class switching to IgA and also 
activates eosinophils (22–24). HSP has previously been con-
sidered an IgA-mediated vasculitis (1). Namgoong et al. (13) 
reported that the levels of ECP and soluble IL-2 receptor were 
significantly higher in HSP patients than in a control group, 

indicating that T-cell and eosinophil activation are involved in 
HSP pathogenesis. Tsuji et al. (10) found significantly higher 
serum IgE and urinary leukotriene E4 levels at HSP onset 
and also found IgE deposits in Langerhans and mast cells in 
patients with HSP nephritis. These findings implied that the 
stimulation of IgE-sensitized mast cells by specific antigens 
in the presence of IgA circulating immune complexes might 
increase capillary permeability and perivascular deposition of 
IgA circulating immune complexes in the small vessels of the 
skin and renal glomeruli (10,22). Kawasaki et  al. (14) found 
elevated serum IL-4 levels in patients with acute HSP without 
nephritis as well as IL-5 and ECP-activated eosinophils at the 
onset of HSP nephritis. These findings support the results from 
our present study that indicate that pre-existing allergic dis-
ease increases subsequent risk of HSP. More recently, Li et al. 
(20) reported significantly elevated Th2 and Th17 cell levels in 
acute HSP. The authors concluded that the functional imbal-
ance in Th cell subsets and aberrant Th2 and Th17 activation 
might be associated with the aberrant antibody production 
and vasculitis development (20). Epidemiological data reveal 
that the prevalence of Th1-mediated autoimmune diseases 
has been rising in parallel with Th2-mediated allergic diseases 
worldwide over the past two decades (21–23). The hygiene 
hypothesis suggests that early-life infections and microbial 
exposures may protect against the development of allergy 
and autoimmune diseases, as a potential explanation for the 
increased occurrence of allergic and autoimmune diseases 
(24–26). In our previous population-based cohort studies, we 
found increased incidence and risk of systemic lupus erythe-
matosus (SLE) in children with atopic dermatitis and asthma 
(27,28). The importance of elevated total serum IgE levels has 
also been previously highlighted in SLE patients and SLE dis-
ease activity (29–31). A recent study in a mouse model of SLE 
and human SLE subjects reported that the activation of the 
basophils by autoreactive IgE-containing immune complexes 
amplifies the production of autoantibodies and contributes to 
the pathogenesis of disease (32). In addition, genetic studies of 
candidate genes in HSP have been performed in human leuko-
cyte antigen class II gene family, several other genes involved 

Figure 1.  Flow diagram of participant selection.

A case–control study randomly sampled from people
enrolled in the NHIP

n = 30,000,000

Subjects with a first episode
of HSP in 1998–2008

(n = 2,335)

Subjects without HSP

2,240 subjects as HSP
group in

final analysis

8,960 subjects as HSP
group in

final analysis

Using the same exclusion
criteria as the HSP group
and 1:4 randomly matched
with age, sex, urban status,
and index year

Excluding subjects younger than 1 y or
older than 18 y of age and missing
information about age or sex (n = 95)
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in the inflammatory system, and vasomotor regulation genes 
(33). A recent meta-analysis suggested that genetic variants in 
human leukocyte antigen (HLA)-DRB1, and angiotensin-con-
verting enzyme insertion/deletion (ACE I/D) polymorphism, 
may confer susceptibility for HSP (33). However, HLA-DRB1 
has also been reported be associated with allergic asthma (34), 
and the ACE I/D polymorphism may be a risk factor for AR 
and asthma (35,36). The abovementioned study corrobo-
rates our finding showing that the Th2 environment contrib-
utes to the development of autoimmune T1 diseases such as 
HSP, suggesting that the Th1/Th2 paradigm is oversimplified. 
Dysregulated immune responses to environmental stimuli and 
a genetic predisposition or gene interactions may contribute to 
both allergic and autoimmune diseases (37). Therefore, immu-
nogenetic or early-life environmental factors may all contrib-
ute to the development of allergy and HSP.

This study has several limitations. This is a cross-sectional 
study, and causality could not be established between allergic 
diseases and HSP. In this study, we attempted to adjust for most 
potential confounders such as age, sex, urbanization level, sea-
son, and allergic diseases that might associate with HSP and 
atopic diathesis (8). However, there might have been some 
residual confounding factors such as detailed clinical informa-
tion that was not collected in the National Health Insurance 
Research Database (NHIRD) (e.g., serum IgE levels, allergen 
test results, family history of allergic diseases, environmental 
exposures, infectious pathogens, and genetic factors). When 
interpreting these data, residual confounding may need to 
account for a biased estimate of the association between the risks 
of HSP and atopic diathesis. In addition, diagnostic accuracy 
should be considered. In this study, diagnoses of HSP and aller-
gic diseases were made by physicians and identified by ICD-9 
codes. Although diagnostic accuracy may vary at the individual 
clinician level, in Taiwan, a diagnosis of HSP is based on the 
criteria of American College of Rheumatology and is made by a 
pediatrician, rheumatologist, and dermatologist. According to 
the criteria of American College of Rheumatology, diagnostic 
biopsies, which have a sensitivity of 88% and specificity of 80%, 
are seldom performed in children (38). This study was con-
ducted in the context of a Chinese population; therefore, our 
findings cannot be generalized to other populations.

This study adds to the evidence of the associations between 
allergic disease and its subsequent risk of HSP but not the risk 
of HSP nephritis. Further research is needed to clarify the 
pathogenesis of these associations.

METHODS
Data Sources
This case–control study used research data from reimbursement 
claims of the National Health Insurance Program (NHIP) in Taiwan. 
Implemented in March 1995, the NHIP has covered more than 99% of 
23.74 million Taiwan residents. The Taiwan National Health Research 
Institutes (NHRI) manages the insurance claims data that records all 
beneficiaries’ medical services, including outpatient and inpatient 
demographics, diagnoses, procedures, prescriptions, and medical 
expenditures, for administrative and research uses (39). We used a 
dataset comprising a randomly selected sample of half of all insured 
children in Taiwan (39,40). Because of personal electronic data pri-
vacy regulations, the insurants’ records are encrypted before being 

released to researchers; thus, informed consent was not required in 
this study. This study was approved by the Institutional Review Board 
at China Medical University Hospital (CMU-REC-101-012). The 
International Classification of Disease, Ninth Revision (ICD-9) was 
used to define the diagnostic disease codes.

Study Design and Subjects
The claims data were collected from January 2000 through December 
2008 and contained demographic information about insured chil-
dren (including sex, birth date, and residential area) and medical care 
received during ambulatory and inpatient visits. Diagnoses of HSP 
were based on clinical manifestations, including nonthrombocyto-
penic purpura mostly located on dependent areas such as the lower 
extremities and buttocks, and at least one of the following findings: 
arthralgia or arthritis, abdominal pain, or nephritis, according to the 
1990 criteria of the American College of Rheumatology. In this study, 
diagnoses of HSP and allergic diseases were made by physicians and 
were defined as at least one inpatient claim record or two ambula-
tory claims in any diagnosis field with respective ICD-9-CM codes. 
We identified a total of 2,240 patients aged 1–18 y with newly diag-
nosed HSP (ICD-9 Clinical Modification (ICD-9-CM) code 287.0) 
from 2000 to 2008; these patients comprised the HSP group. For each 
HSP patient, four controls with no history of HSP were matched by 
age (within 1-y intervals), sex, and urbanization level (Figure  1). 
Urbanization level was defined according to a NHRI report (29). City 
districts and townships where the subjects were registered for insur-
ance purposes were grouped into seven urbanization levels based 
on population density (people/km2). Levels 1 and 7 referred to the 
most and least urbanized areas, respectively. However, as there were 
few patients in levels 5, 6, and 7, these three levels were combined 
with level 4. We identified subjects who were diagnosed with allergic 
conjunctivitis (ICD-9 codes 372.05, 372.10, and 372.14), AR (ICD-9 
code 477), asthma (ICD-9 codes 493 and 494), and atopic dermatitis 
(ICD-9 code: 691.8) before the diagnosis of HSP. HSP nephritis was 
defined as occurrence of any one of following condition: hematuria, 
proteinuria, nephritis, nephrosis, and acute or chronic renal failure 
(ICD-9 codes 599.7, 791.0, and 580–585), within 1 y after HSP diag-
nosis. The cumulative effect of disease severity was determined based 
on the number of allergic comorbidities and frequency of health-care 
utilization.

Statistical Analysis
We used chi-square and t tests to compare demographic data between 
the HSP and non-HSP control groups and multivariate logistic 
regression models to calculate the ORs and 95% CIs for the associa-
tion between allergic diseases and HSP after adjusting for age, sex, 
urbanization of residential area, and comorbidities. Additionally, the 
incidence rates were calculated for each cohort. Hazard ratios and 
95% CIs were calculated using multivariable Cox proportional hazard 
regression models. All data analyses were performed using SAS 9.1 
(SAS Institute Inc., Cary, NC), and a P value <0.05 was considered 
statistically significant.
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