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Background: Although clinical and immunological stud-
ies have shown a possible link between allergy and idiopathic 
nephrotic syndrome (INS), the nature of the relationship 
remains unclear. Asthma is the most common chronic allergic 
airway inflammation. However, no study has used a longitudi-
nal design with a population cohort to investigate INS in chil-
dren with asthma.
Methods: Using nationwide claims data from 2000 through 
2007, we randomly selected 251,698 asthma cases and 
1,006,791 frequency-matched controls. Incidence rates of INS 
and hazard ratios (HRs) were calculated.
results: The INS incidence was 3.36-fold greater in the 
asthma cohort than in the nonasthma control (9.26 vs. 2.76 per 
100,000 person-years; 95% confidence interval (CI): 2.65–4.26). 
The HR for INS increased for those with more asthma-related 
medical visits per year, from 1.49 (95% CI: 1.06–2.11) for <3 visits 
to 15.7 (95% CI: 11.5–21.5) for ≥6 visits (trend test, P < 0.0001). 
The HR for INS slightly decreased during the follow-up period, 
from 3.41 (95% CI: 2.66–4.38) for ≤5.5 y to 2.90 (95% CI: 1.33–
6.30) for >5.5 y.
conclusion: We conclude that children with asthma had 
an increased incidence rate of INS, and increased incidence 
rate correlated with asthma-related medical visits.

idiopathic nephrotic syndrome (INS) is among the most 
common chronic kidney diseases occurring in childhood 

(1). Numerous studies have associated INS with allergy risk 
of clinical and immunological features (2–11). In the 1950s 
through the 1970s, few anecdotal reports described patients 
who developed INS after allergic reactions to inhaled aller-
gens, vaccinations, food, or insect stings (2–5). Since 1970, 
several case-control studies revealed that elevated serum IgE 
and atopic diathesis were more common in children with INS 
than non-INS controls (9,11–17). Recently, levels of T helper 2 
(Th2)-associated cytokine such as interleukin (IL)-4 and IL-13 
were found to be elevated in relapsing INS patients (18–21). 
Children with INS commonly have elevated serum levels of 
immunoglobulin E (IgE), which also plays a central role in 

allergic inflammation (11–16). Although clinical and immu-
nological studies have shown a possible link between allergic 
diseases and INS for 50 y, human epidemiologic study using a 
large cohort to investigate the relationship between these dis-
orders are lacking (2–11). Asthma is one of the most common 
allergic disease in childhood, affects a multitude of patients 
worldwide (22). It is unknown whether childhood onset 
asthma would increase the subsequent risk of INS. Therefore, 
we conducted a nationwide, population-based cohort study to 
examine the hypothesis that asthma may have positive influ-
ence on the development of INS in children.

RESULTS
A total of 251,698 subjects in the asthma cohort and 1,006,791 
in the nonasthma cohort were enrolled in this study (Table 1). 
Most (67.6%) of the subjects were aged ≤5 y. The asthma cohort 
had more boys (59.4%), residents of highly urbanized areas 
(59.8%), and white-collar parents (64.6%). Figure 1 illustrates 
the INS-free survival rate of the asthma cohort compared 
with that of the nonasthma cohort. The INS-free survival rate 
(Figure 1a, log-rank test P < 0.0001) was significantly lower 
in the asthma cohort in the nonasthma cohort. The incidence 
of INS was 3.36-fold greater in the asthma cohort than in the 
nonasthma cohort (9.26 vs. 2.76 per 100,000 person-years; 
Table 2). The incidence of INS decreased as age increased in 
the nonasthma cohort, whereas the incidence increased when 
age was <2 y or >12 y in the asthma cohort. As age increased, 
the HR for INS increased from 2.89 (95% CI: 1.87–4.47) 
for subjects aged ≤2 y to 5.59 (95% CI: 1.77–17.6) for those 
aged >12 y. A sex-specific analysis showed that the incidence 
rate of INS was greater for boys in both cohorts. Girls with 
asthma had a greater risk of INS than those without asthma 
(HR = 3.82; 95% CI: 2.59–5.64). The INS incidence decreased 
with urbanization in the asthma cohort. Urbanization level- 
and parental occupation-specific analyses showed that chil-
dren with asthma had a significantly greater risk of INS than 
those without asthma. Table 3 shows the association between 
the frequency of medical visits per year for asthma and the 
incidence of INS. Compared with the nonasthma cohort, the 
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risk of INS in the asthma cohort increased from 1.49 (95% CI: 
1.06–2.11) for those with ≤3 visits to 15.7 (95% CI: 11.5–21.4) 
for those with ≥6 visits (trend test, P < 0.0001). The risk was 
similar for both sexes. Asthmatic subjects with >6 medical 
visits had a significantly lower INS-free survival rate than the 
subjects in the nonasthma cohort (Figure  1b; log-rank test, 
P < 0.0001).
Table 4 presents the risk of INS stratified by median follow-

up duration. The risk of INS was greater among subjects in the 
asthma cohort followed up for ≤5.5 y (HR = 3.41; 95% CI: 2.66–
4.38), whereas the risk of INS slightly decreased (HR = 2.90; 
95% CI: 1.33–6.30) among the subjects with a >5.5-y follow-up 
duration. However, the association between asthma status and 
follow-up period was not significant (P = 0.91).

DISCUSSION
To our knowledge, this is the first population-based cohort 
study to investigate the incidence and risk of INS among chil-
dren with asthma and compare them with the nonasthmatic 
controls. The results suggest that children with asthma were 
more likely to develop INS regardless of sex, age, urbanization 
of living area, or parental occupation. The annual incidence 
of NS in children in the United States and in Europe has been 
estimated to be 1–7 per 100,000 children (1,23). The present 
study revealed an incidence rate of 2.76 of 100,000 person-
years in the nonasthma cohort and a significantly increased 
incidence rate of 9.21 of 100,000 person-years in the asthma 
cohort. Although the definition of INS in current study was 

based on ICD9 codes, not on histopathology findings, the 
incidence rate of INS was comparable to previous results. In 
addition, the incidence rate ratio increased with more medical 
visits for asthma and school-age children with asthma.

In the current study, the incidence rate of INS decreased as 
age increased in nonasthma controls, that ranged from 3.53 
per 100,000 person-years for children aged ≤ 2 y to 1.89 per 
100,000 person-years for children aged >12 y. As the peak inci-
dence of childhood INS is known between 2 and 6 y of age, this 
was reflected by the higher incidence rate of INS in the younger 
children in the nonasthma controls. In contrary contrast, the 
incidence rate ratio (HR) of INS increased as age increased 
in the asthma cohorts compared to nonasthma controls, that 
ranged from 2.89 (95% CI: 1.87–4.47) for children aged ≤ 2 y 

table 1. Demographics between children with and without asthma

Nonasthma 
(n = 1,006,791)

Asthma 
(n = 251,698)

P valuen (%) n (%)

Age, years, mean (SD)a 4.50 (3.44) 4.49 (3.42) 0.58

Stratified age

  ≤ 2 240,832 (23.9) 60,208 (23.9) 0.99

  2–5 439,448 (43.7) 109,862 (43.7)

  5–12 279,471 (27.8) 69,868 (27.8)

  > 12 47,040 (4.67) 11,760 (4.67)

Gender

  Girl 408,459 (40.6) 102,115 (40.6) 0.99

  Boy 598,332 (59.4) 149,583 (59.4)

Urbanization

  1 (highest) 294,899 (29.3) 73,725 (29.3) 0.99

  2 307,212 (30.5) 76,803 (30.5)

  3 186,996 (18.6) 46,749 (18.6)

  4(lowest) 217,684 (21.6) 54,421 (21.6)

Occupation

  White collar 650,339 (64.6) 162,585 (64.6) 0.99

  Blue collar 244,612 (24.3) 61,153 (24.3)

  Others 111,840 (11.1) 27,960 (11.1)

Chi-square test, at-test.

Figure 1. Probability of event free (onset of idiopathic nephrotic 
syndrome) survival. (a) In children with and without asthma. 
— Without asthma; --- With asthma. (b) In different frequency of 
annual  asthma-related medical visits. — Without asthma; ---With <4 
 asthma-related medical visits; …With 4–6 asthma-related medical visits 
with >6 asthma-related medical visits.
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to 5.59 (95% CI: 1.77–17.6) for children aged >12 y. This result 
may be explained as follows. Asthma is currently considered a 
heterogeneous disease (24). Three main phenotypes have been 
identified in childhood asthma, including transient wheez-
ing, nonatopic wheezing, and IgE-mediated wheezing (allergic 
asthma) (24). Transient wheezing phenotype typically begins 
in early infancy and resolves between the ages of 3–5 y when 
their lung function improves. This phenotype is not commonly 
associated with atopy. Nonatopic wheezers wheeze during the 
first decade of life in association with respiratory viral infec-
tion, independent of allergic sensitization. This phenotype 
usually presents with less severe and less persistent wheeze. 
Only IgE-mediated wheezing has been identified as the clas-
sic asthma phenotype (persistent asthma) with higher disease 
severity. The proportion of allergic asthma is higher in older 
children (school aged children) (24). School aged children had 
a higher risk of INS, as allergic asthma is more prevalent in 
school-aged children, the higher prevalence of INS seen in this 
age group was therefore consistent with an association between 
INS and allergic asthma. In addition, we also found children 
with more asthma-related visits per year had greater risk of 
INS, which may reflect the association between INS risk and 
uncontrolled airway inflammation, more severe and persistent 
phenotype of asthma or more environmental triggers, such 
as allergen exposure or respiratory virus in asthma children 
(25,26). Moreover, greater risk of INS was observed within 
the first 5.5 y after asthma diagnosis. This may be explained 

as follows. First, childhood asthma may resolve over times, 
especially in phenotypes of transient wheezing and nonatopic 
wheezing. Second, older children have less frequency of viral 
respiratory tract infections. Third, the asthma related airway 
inflammation and respiratory symptoms may be controlled 
with adequate treatment over times. Overall, the implication 
of above findings suggests that a higher burden of clinically 
evident asthma symptoms is associated with the risk of INS.

A possible link between INS and allergy has been reported 
for >50 y (2–10). Before 1970s, only anecdotal reports 
described patients who developed INS after allergic events 
to certain allergens (2–5). Since 1970, several case-control 
studies revealed that elevated serum IgE were more common  
in children with INS compared to normal controls (9,11–17,27).  
Subsequently, the levels of T helper 2-associated cytokines 
such as interleukin (IL)-4 and IL-13 were found to be upreg-
ulated in relapsing INS patients (19–21). IL-4 and IL-13 are 
important in B-cell IgE isotype switching (28), and IL-13 
is also involved in the modulation of eosinophilic inflam-
mation and recruitment of monocytes and T cells (28). The 
release of IgE by B cells is a key step in the allergic inflam-
mation cascade in allergic asthma (28). Recently, minimal 
change disease (MCD) is proposed to be a podocyte disor-
der. Reiser et al. reported that CD80 (also known as B7.1), 
a receptor normally expressed on antigen-presenting cells 
(29,30), can be induced expression in podocytes which is 
associated with actin reorganization and the development 

table 2. The incidence rate and relative risk of idiopathic nephrotic syndrome in asthma children compared to non-asthma children stratified by 
demographics in Cox proportional hazard regression

Non- asthma Asthma

HR (95% CI)NS case Person-years IR NS case Person-years IR

All 149 5,396,842 2.76 126 1,360,811 9.26 3.36 (2.65, 4.26)*

Age group

  ≤ 2 48 1,358,256 3.53 35 344,068 10.20 2.89 (1.87, 4.47)*

  2–5 59 2,238,316 2.64 49 563,545 8.69 3.30 (2.26, 4.82)*

  5–12 37 1,535,649 2.41 35 386,805 9.05 3.76 (2.37, 5.97)*

  > 12 5 264,620 1.89 7 66,394 10.50 5.59 (1.77, 17.6)*

Gender

  Girl 52 2,177,123 2.39 50 548,921 9.11 3.82 (2.59, 5.64)*

  Boy 97 3,219,719 3.01 76 811,890 9.36 3.12 (2.31, 4.21)*

Urbanization

  1 (highest) 39 1,573,053 2.48 27 397,137 6.80 2.75 (1.68, 4.49)*

  2 40 1,640,310 2.44 33 413,698 7.98 3.28 (2.07, 5.20)*

  3 38 1,006,851 3.77 27 253,779 10.60 2.83 (1.73, 4.63)*

  4 (lowest) 32 1,176,627 2.72 39 296,197 13.20 4.85 (3.04, 7.74)*

Parental occupation

  White collar 99 3,461,276 2.86 76 872,850 8.71 3.05 (2.26, 4.11)*

  Blue collar 32 1,362,334 2.35 34 342,807 9.92 4.23 (2.61, 6.86)*

  Others 18 573,231 3.14 16 145,155 11.00 3.52 (1.80, 6.91)*

HR, hazard ratio; IR, incidence rate, per 100,000 person-years.
*P < 0.001
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of proteinuria (31,32). Then, Garin et  al. found children 
with biopsy proven MCD expressed CD80 in their podo-
cytes and excreted high levels of CD80 in their urine during 
active nephrotic syndrome (33,34). Following these results, 
they reported sera from MCD patients in relapse stimulates 
CD80 expression in cultured podocytes (35). In addition, 
increased CD80 expression in podocyte, glomerular CD80 
and urinary excretion of CD80 can be induced by polyIC, a 
Toll-like receptor 3 ligand, and were associated with protein-
uria (36). It implies the important role of CD80 in the patho-
genesis of MCD. Asthma is a Th2-mediated disease (37). 
Airway dendritic cells activate naive T cells to generate Th2 
cells through costimulatory molecules, CD80/CD86, inter-
acting with CD28 and cytotoxic T lymphocyte–associated 
antigen 4 after allergic triggers in the inception of asthma 
(37–39). These common biologic mechanisms coexisting in 
both asthma and INS may partly explain the complex rela-
tionship between these two diseases.

Certain limitations should also be noted when interpreting 
our findings. Detailed information on clinical conditions (e.g., 
serum IgE level, severity of allergic symptoms, and environ-
mental exposures) was not available. Furthermore, our study 
population included Chinese children; thus, our findings may 
not be generalizable to populations from other countries.

Conclusion
This population-based cohort study revealed a significantly 
increased incidence rate of INS in children with asthma. 
Further research is needed to explore the role of allergic dis-
eases in the development of INS and to devise a potential strat-
egy for diagnosis and therapeutic disease intervention.

METHODS
Data Sources
In this population-based, retrospective study, data were obtained from 
reimbursement claims of the universal National Health Insurance 
Research Database, which is maintained by the National Health 
Research Institute. We obtained claims data from 1998 through 2008 
for all insured children in Taiwan and randomly selected 50% of these 
children for the study. Details regarding the data set were previously 
described (40). The International Classification of Disease, Ninth 
Revision, Clinical Modification (ICD-9-CM) was used to for diagno-
sis. Because of personal electronic data privacy regulations, the insur-
ants’ records are encrypted before being released to researchers; thus, 
informed consent was not required in this study. Although the identi-
fication information was scrambled, this study also received approval 
from the Institutional Review Board at China Medical University 
Hospital (CMU-REC-101-012).

Study Subjects
We identified patients aged <18 y with newly diagnosed asthma (ICD-
9-CM codes 493 and 494) between 2000 and 2007 as the asthma 
cohort. Baseline was set as the date of asthma diagnosis. In this study, 
we used the method of “1: 4” matching to screen the control subjects, 
which can increase the statistical power and control the potential con-
founding. Hence, we randomly selected four nonasthmatic children 
for every asthmatic child using frequency matching by sex, age (in 1-y 
intervals), urbanization of residential area, parental occupation, and 
baseline year. To improve diagnostic accuracy and avoid overestima-
tion of incidence, children with INS or asthma were defined as at least 
three records with respective ICD-9-CM codes in any diagnosis field 
of inpatient claims or ambulatory claims. Since renal biopsy is usually 
not indicated for first presentation of childhood INS and empirical 
steroid treatment can be considered prior to kidney biopsy and in 
our previous study (40), the most common codings of children with 
INS was 581.9 (86.8%, unspecific pathologic lesion in kidney), and 
MCD (581.3). Therefore, INS was defined as ICD-9-CM code 581.3 
and 581.9 in this study. Subjects with secondary nephrotic syndrome 
(NS), identified with an ICD-9-CM code 581.8, were excluded from 
the study. Subjects with a history of NS before baseline or those lack-
ing information on age, sex, urbanization of residence area, or paren-
tal occupation were excluded. All subjects were followed up until INS 
diagnosis, death, loss to follow-up, withdrawal from the insurance 
system, or the end of 2008.

table 3. The risk of idiopathic nephrotic syndrome stratified by 
the frequency of asthma-related medical visits per year by Cox 
proportional hazard regression

Frequency of visits per 
year

NS 
case

Person-
years IR HR (95% CI)

All

 No asthma 149 5,396,842 2.76 1.00

 ≤3 41 1,011,816 4.05 1.49 (1.06, 2.11)*

 4–6 30 228,350 13.10 4.59 (3.10, 6.80)**

 > 6 55 120,645 45.60 15.70 (11.5, 21.4)**

 P for trend <0.0001

Girl

 No asthma 52 2,177,123 2.39 1.00

 ≤3 18 417,193 4.31 1.83 (1.07, 3.14)*

 4–6 11 88,009 12.50 5.06 (2.64, 9.70)**

 > 6 21 43,719 48.00 19.20 (11.5, 31.9)**

 P for trend <0.0001

Boy

 No asthma 97 3,219,719 3.01 1.00

 ≤3 23 594,623 3.87 1.31 (0.83, 2.06)

 4–6 19 140,341 13.50 4.33 (2.65, 7.09)**

 > 6 34 76,926 44.20 13.90 (9.40, 20.6)**

 P for trend <0.0001

HR, hazard ratio; IR, incidence rate, per 100,000 person-years.
*P < 0.05; **P < 0.001.

table 4. The risk of idiopathic nephrotic syndrome stratified by follow-up years

Follow-up timea

Nonasthma Asthma HR (95% CI)

NS case Person-years IR NS case Person-years IR

≤5.5 y 134 4,472,283 3.00 115 1,124,457 10.20 3.41 (2.66, 4.38)*

>5.5 y 15 924,558 1.62 11 236,354 4.65 2.90 (1.33, 6.30)*

HR, hazard ratio; IR, incidence rate, per 100,000 person-years.

aThe follow-up time is partitioned into two segments (years ≤ 5.5, and >5.5 y) by median. *P < 0.001

Volume 78  |  Number 2  |  August 2015      Pediatric ReSeARCH 215



Copyright © 2015 International Pediatric Research Foundation, Inc.

Articles         Wei et al.

Statistical Analysis
In this cohort study, we used the person-years to be the denomina-
tor for estimating the incidence rate under considering about the 
individual follow-up duration in the study. The date of diagnosis 
of asthma was defined as the index date used to initiate follow-up 
person-years measurement. The follow-up person-years were mea-
sured for each child from the index date to the date the children had 
the diagnosis of INS, or censored because of loss to follow-up, or 
death, or withdraw from the insurance system, or the end of 2008. 
Follow-up person-years were used to estimate the incidence density 
rates (IR) and hazard ratios (HRs) of INS for the asthma cohort, 
which were compared with those of the non-asthma cohort based 
on age, sex, urbanization, and parental occupation. Hazard ratio was 
determined using the Cox proportional hazard regression model. 
The Cox model was also used to estimate the HR of INS associ-
ated with the annual mean medical visits for asthma. Furthermore, 
we analyzed if the association varied with the length of the follow-
up period after asthma diagnosis. We divided the median follow-
up time into two periods after asthma diagnosis: ≤5.5 y and >5 y. 
A Kaplan–Meier plot showed the probability of INS-free survival, 
and the log-rank test was used to test the difference between the 
asthma and non-asthma cohorts. We performed all data analyses 
using the SAS statistical software (version 9.2 for Windows; SAS 
Institute, Cary, NC). Kaplan–Meier survival curves were plotted 
using the R software (version 2.14.1; R Development Core Team, 
Vienna, Austria). A two-sided P value <0.05 was considered statisti-
cally significant.
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