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Abstract
Background—While it has been postulated that allergic disease is associated with a
predominance of Th2 cells, whether IgE levels and asthma might differ in their relations with early
life cytokine production is not known.

Objective—To assess relations between first year adaptive immune cytokine production with
asthma and total IgE levels through age 5 years in a non-selected birth cohort.

Methods—Mitogen (ConA/PMA) stimulated IL-4, IL-5, IL-13 and IFN-γ were measured in
supernatants from cord and peripheral blood mononuclear cells at birth, 3 months and 12 months.
Total serum IgE and physician-diagnosed active asthma were assessed at 1, 2, 3 and 5 years.
Longitudinal models that adjust for both Th1 and Th2 cytokine production were used to determine
relations of outcomes.

Results—Relations of cytokines with total IgE and asthma were strikingly different. Total IgE
through age 5 years was positively associated with 12-month IL-4 (p < 0.001), IL-5 (p < 0.001)
and IL-13 (p = 0.02) levels when adjusted for IFN-γ, and inversely associated with 12-month IFN-
γ after IL-4 adjustment (p = 0.01). Active asthma through age 5 was positively associated with 3-
month IL-13 adjusted for IFN-γ (Odds ratio (OR) = 2.6, p <0.001), and inversely associated with
3-month IFN-γ adjusted for IL-13 (OR = 0.5, p = 0.001). These relations were strongest for non-
atopic asthma.

Conclusion—Total IgE and active asthma through age 5 are associated with adaptive cytokine
production in early life, though relations vary temporally and with regard to the relative
importance of individual cytokines.

Keywords
Asthma; IgE; Cytokines; IL-4; IL-5; IL-13; IFN-γ; children

© 2011 American Academy of Allergy, Asthma and Immunology. Published by Mosby, Inc. All rights reserved.
Correspondence: Anne L. Wright, Arizona Respiratory Center, University of Arizona HSC, Tucson, AZ 85724; phone: 520-626-5206;
fax: 520-626-6604; awright@arc.arizona.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.

Published in final edited form as:
J Allergy Clin Immunol. 2011 August ; 128(2): 397–402.e2. doi:10.1016/j.jaci.2011.04.044.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
According to the classical Th1/Th2 paradigm, a healthy immune system derives in part from
a balance between cell production of Th1 and Th2 type cytokines, while manifestations of
allergy including those that accompany asthma are associated with a predominance of Th2
type cytokines. Although several more recently described cell types and regulatory
mechanisms indicate that additional factors may contribute toward maintaining the balance,
the paradigm of a Th2 shift, per se, remains a hallmark of allergic disease (reviewed by Jutel
and Adkis)1. This concept developed following the demonstration of differential cytokine
production among murine derived T cell clones,2 and subsequent studies with human cells
and animal models demonstrating separate roles for the cytokines produced by these cell
types (reviewed by Street and Mosmann).3 Further murine and human in vitro studies of the
T-helper cell paradigm have demonstrated that the Th1 cytokine IFN-γ and the Th2 cytokine
IL-4 act to down-regulate one another (reviewed by Paludan),4 and thus an inverse
association between Th2 and Th1 cytokine production might be expected.

However, we and others have recently shown that that mitogen stimulated production of Th1
and Th2 cytokines is strongly positively correlated for individuals in a general population
sample.5, 6 This strong correlation suggests that any skewing among allergic individuals may
be quite subtle. Further, associations of Th2 cytokines with allergic outcomes may either be
due to high absolute amounts of a particular cytokine, or to high production of Th2
cytokines relative to production of Th1 cytokines. Thus, from a methodological standpoint,
assessment of the effects of Th1 and Th2 cytokines through models adjusted for one another
may provide more information than considering a single cytokine in isolation.

The close association of asthma with circulating IgE levels in humans7 together with all of
the animal research implicating IgE and/or Th2 mechanisms as driving allergic
inflammation in airways has produced the implicit assumption that asthma is driven, at least
in part, by IgE, and that IgE is driven by Th2 cytokines. Many of the studies that are
presumed to support these relations have examined relations with allergy outcomes
occurring concurrently, but such studies do not provide information on temporal relations
and may not capture fluctuations in symptoms or age-related effects. It is clear that Th2
cytokines are involved in immunoglobulin class switch, but in relation to asthma they may
also have direct effects on the airways. Thus, cytokine production in early life may be
influential, either by initiating these processes or by marking individuals in whom these
processes have already been initiated, thereby having different relations with IgE levels and
asthma. Unfortunately, information about relations between early cytokine production
during or prior to development of disease in unselected populations is limited.

This study assessed relations between first year cytokine production and both development
of asthma and total IgE levels in childhood, comparing results from single cytokine analyses
to those from models that adjust for both Th1 and Th2 cytokines. We hypothesized that if
elevated levels of IgE develop separately from, rather than drive, asthma (as has been
suggested),8, 9 early cytokine production might be differentially related to these outcomes,
either temporally or in the relative importance of individual cytokines. In consideration of
previous reports of strong positive correlation, these relations might be most evident in
models that adjust for both Th1 and Th2 cytokines.

METHODS
Study design and population

The Infant Immune Study (IIS) is a prospective birth cohort study of immune system
maturation and its relation to the development of asthma and allergic disease in childhood.
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Participants were healthy children born to women who planned to obtain care for their
newborns from collaborating pediatricians, as previously described.10

Cytokine measurements
Blood specimens were obtained at birth (from the umbilical cord), and by venipuncture at 3
months (2.9 ± 1.2 months; n=363) and 1 year (1.1 ± 0.1 years; n=364). Lymphocyte
stimulations were performed on peripheral and cord blood mononuclear cells separated by
standard density gradient centrifugation techniques as previously described.6 Cells were
stimulated with 10 μg/ml Concanavalin A (ConA; Pharmacia, Piscataway, NJ) and 10 ng/ml
phorbol myristate acetate (PMA; Sigma Chemical Co., St. Louis, MO). Supernatant fluids
from these cultures and unstimulated controls were harvested after 18 to 24 hours and stored
at −70°C for later cytokine testing. The supernatants were assayed for IL-4, IL-5, IL-13, and
IFN-γ production using commercially available kits (Genzyme, Minneapolis, MN).
Cytokines with more than 20% undetectable values at a given age were treated as
dichotomous variables (detectable vs. undetectable). All other cytokines were treated as
continuous, with undetectable values being assigned the value at the limit of detection (0.25
pg/mL for IL-4, 7.8 pg/mL for IL-5, 3.13 pg/mL for IL-13, and 15.6 pg/mL for IFN-γ).

Outcome measurements
Total and allergen specific IgE were measured from blood specimens obtained at 1 year (1.1
± 0.1 years; n=364), 2 years (2.1 ± 0.2 years; n=310), 3 years (3.2 ± 0.3 years; n=295), and 5
years (5.1 ± 0.4 years, n=277), using the Pharmacia AutoCAP assay (Pharmacia/Upjohn,
Kalamazoo, Mich) until its discontinuation in 2006 and subsequently using Immulite 2000
(Siemens Medical Solutions, Los Angeles, Calif). Samples analyzed on both instruments (n
= 25) yielded a correlation coefficient of 0.995. Specific IgE levels were measured for 6
inhalant allergens (Alternaria species, Dermatophagoides farinae, Bermuda grass, careless
weed, olive and mulberry tree) and 2 foods (ovalbumin and β-lactoglobulin). Each allergen-
specific IgE was categorized as detectable or undetectable at each age based on a cut-off of
0.25 IU/mL, with atopy defined as detectable specific IgE for one or more allergens at any
age. Children were defined as non-atopic if they had at least one negative at one or more
ages, and were never positive.

Asthma was assessed by parent-completed questionnaires at ages 1 year (1.1 ± 0.1 years;
n=423), 2 years (2.1 ± 0.2 years; n=362), 3 years (3.2 ± 0.3 years; n=371), and 5 years (5.1 ±
0.4 years; n=373). Specifically, parents were asked if their child ever had asthma, at what
age their symptoms last occurred, and at what age they were first told by a doctor that the
child had asthma. For this analysis, asthma was defined at each age as physician diagnosed
asthma with reported symptoms in the last year.

Statistical analysis
Total IgE and amounts of cytokines produced were log transformed for all analyses. Log
transformed cytokines were converted to z-scores for comparison of effect sizes across
cytokines.

Longitudinal relations between total IgE over 1, 2, 3 and 5 years and cytokine production at
each of 3 time-points (birth, 3 and 12 months) were assessed using mixed models, treating
each subject as a random effect to control for within-subject correlation. In each model, age
at the time of total IgE measurement was included as a categorical variable since log total
IgE tends to increase with age in childhood but in a non-linear fashion. In addition, age by
cytokine-level interaction terms were included to allow differing effects between cytokine
levels and total IgE at each age. Regression coefficients were calculated for change in total
IgE per one standard deviation in logged units of each cytokine.
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Longitudinal relations between cytokine levels and physician diagnosed, active asthma were
assessed using Generalized Estimating Equations (GEE) to determine odds of asthma
associated with one standard deviation change in production of each cytokine. As with
longitudinal models for total IgE, GEE models for asthma were run both with age-by-
cytokine-level interaction terms to calculate the effect of cytokine levels at each age of
asthma assessment, and without interaction terms in order to assess an overall effect of
cytokine levels on asthma over ages 1 through 5. Finally, asthma-cytokine analyses were
stratified by specific IgE detectability in the first 5 years in order to assess the possibility of
differing relations of early cytokine production to atopic vs. non-atopic asthma.

Each of the analyses described above was performed using two approaches, designated as
unadjusted and adjusted models. For unadjusted models, individual cytokines were entered
into each model with no covariates other than age. Adjusted models include IFN-γ and one
of 3 Th2 cytokines (IL-4, IL-5, or IL-13) together as covariates.

All analyses were conducted using Stata version 10.0. This research was approved by the
Institutional Review Board of the University of Arizona and informed consent was obtained
for all subjects.

RESULTS
Cytokine production from mitogen-stimulated blood mononuclear cells were measured for
450 children at least once in the first year of life (birth: n =295; 3 months: n = 323; or 1
year: n = 318). Children with cytokine data did not differ significantly from children who
lacked cytokine data (n=34) with respect to gender, ethnicity, household income, day-care
attendance, parental atopy or parental asthma status. Of the 450 children with cytokine data,
total IgE was available at 1, 2, 3 and/or 5 years for 396 children (88.0%), and asthma data at
1, 2, 3 and/or 5 years for 425 children (94.4%).

Cytokines
Cytokine production at birth and at 3 months in this cohort has been described in detail.6
Table I provides a summary of descriptive statistics for production of IL-4, IL-5, IL-13 and
IFN-γ at birth, 3 months and 12 months. Of note, production of all cytokines increased
significantly with age from two to ten-fold by one year, with the exception of IL-13, which
decreased between birth and 3 months (P < 0.001), and then increased between 3 and 12
months (P < 0.001).

Outcomes
Geometric mean total IgE levels increased with age (1 year: 8.8 IU/mL; 2 years: 14.8 IU/
mL; 3 years: 16.8 IU/mL; 5 years: 22.3 IU/mL). Similarly, prevalence of active asthma
increased with age (1 year: 3.2% (13/407); 2 years: 5.2% (18/348); 3 years: 8.1% (29/358);
5 years: 12.3% (44/357)).

Relations between 1st year cytokines and outcomes
Total IgE—Table II shows regression coefficients for total IgE through age 5 years in
relation to cytokine production at 3 and 12 months using longitudinal models. Three-month
IL-4 levels significantly predicted subsequent IgE levels in the unadjusted model, and this
relation was stronger in the IFN-γ-adjusted model. Of note, adjustment with IL-4 revealed
an inverse relation between 3-month IFN-γ and total IgE that was not evident prior to
adjustment.

Rothers et al. Page 4

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Production of Th2 cytokines at 12 months showed even stronger relations to total IgE
through age 5 years. Total IgE through age 5 was significantly associated with IL-4 and IL-5
in unadjusted models, and with IL-13 in the IFN-γ-adjusted model. The inverse relationship
between IFN-γ and total IgE was not evident in the unadjusted model, but again became
significant upon adjustment with IL-4.

Results from analyses assessing relations of early cytokine production to total IgE at each
age by including age-by-cytokine interaction terms were not appreciably different from
those reported above. These analyses do, however, show that the relations between total IgE
and early production of all cytokines at 12 months tended to strengthen with age of
assessment of total IgE (Table E1).

There was no association of cytokine production at birth with total IgE at 1, 2, 3 or 5 years
(data not shown).

Asthma—Odds ratios for active asthma through age 5 associated with first year cytokine
production are shown in Table III. Active asthma was significantly positively associated
with 3-month IL-13 in the unadjusted model, and this relation was considerably stronger in
the IFN-γ adjusted model. A non-significant inverse relationship between IFN-γ and asthma
became slightly stronger upon adjustment for IL-4 but was markedly affected in the model
that adjusted for IL-13. Unlike relations with total IgE, asthma was unrelated to 12-month
cytokine production.

Odds ratios assessed by models including age by cytokine interactions, were not appreciably
different from those described above. However, these results show that relations between 3-
month IL-13 and active asthma tended to strengthen with age, especially over the first three
years (Table E2).

As was true for IgE, there were no consistent relations between cord cytokines and asthma
(data not shown).

Stratification by specific IgE detectability—To assess the possibility of differing
relations for atopic and non-atopic asthma with respect to early cytokine production, we
stratified asthma-cytokine analyses by atopy in the first 5 years, the prevalence of which was
51% (Table III). The relation of asthma to 3-month IL-13 was evident only among non-
atopic subjects in the unadjusted model. After adjustment, IL-13 and IFN-γ relations were
also stronger among non-atopics. In contrast, IL-4 was significantly positively associated
with asthma only among atopic children, and only upon adjustment for IFN-γ.

Role of adjustment for both Th1 and Th2 cytokines
Figure 1 shows the relation of 3-month IL-13 to 3-month IFN-γ for subjects with and
without asthma (dark and open circles, respectively). Lines divide the distribution for both
IL-13 and IFN-γ at the medians to form 4 quadrants. This graph illustrates the value of
considering the effect of IL-13 in the context of IFN-γ levels and vice-versa by showing,
first, the strong correlation between 3-month IFN-γ and 3-month IL-13, and second, that
high IFN-γ provides protection from asthma primarily among those with low IL-13: only
2.3% (1/44) of children in this group have active asthma at age 5 compared to 16.2%
(35/216) among children from the other 3 quadrants combined (P= 0.015).

DISCUSSION
This study found that early cytokine production was related to IgE and asthma in childhood,
with positive associations for Th2 cytokines and inverse associations for IFN-γ in a non-
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selected population followed longitudinally from birth. However, the relations with Th1 and
Th2 cytokines differed temporally and by outcome considered. Total IgE was most strongly
associated with cytokine production at 12 months and showed positive relations with IL-4
and IL-5, and an inverse relation with IFN-γ. IL-13 related to IgE modestly and only after
adjustment with IFN-γ. In contrast, asthma in unadjusted models was associated only with
IL-13 production and only at 3-months. Adjustment for IFN-γ strengthened the relation
between asthma and IL-13, and adjustment for IL-13 revealed a strong inverse association
with IFN-γ. Three-month IL-4 was also positively associated with asthma, but only for
atopic children. Cord cytokine levels showed no consistent association with IgE or asthma.

Many epidemiological studies have reported associations of allergic outcomes in children
with increased production of Th2 cytokines11–23 and decreased production of Th1
cytokines.15, 19–22, 24–27 However, as the majority of these analyses are cross-sectional,
considering concurrent relations between cytokine production and allergic outcomes, they
cannot identify potential predictive relations of early cytokine production and later allergic
outcomes. Further, of the few birth cohort studies, only one assessed allergic outcomes after
the age of 3 years.27 Our study extends this body of literature by investigating longitudinally
whether Th1 and Th2 cytokine production in early life predicts total IgE and asthma through
age 5 in a non-selected population. In addition, cytokine production was measured at 3 time-
points during the first year of life, which revealed that the predictive relation of cytokine
production to allergic outcomes is age- as well as outcome-dependent. Finally, this study
expands our previous analysis in this population pertaining to wheeze in the first year of
life,24 by considering outcomes through age 5, and showing that significant cytokine-asthma
relations were apparent at 3, but not 12 months.

Our results are consistent with other epidemiological studies that have shown positive
relations of total IgE with IL-4,11 IL-5,11, 17, 23 and IL-13,23 and inverse associations
between IFN-γ and atopy, defined in part by elevated total IgE levels.20, 21 These findings
are consistent with the mechanistic roles of these Th1 and Th2 cytokines, as IL-4, IL-5, and
IL-13 promote and IFN-γ inhibits IgE synthesis.28, 29 Our finding that relations to total IgE
were strengthened in adjusted models including both a Th2 and Th1 cytokine can also be
interpreted mechanistically. We know that IL-4 both drives IgE synthesis by B cells,28, 29

and reduces IFN-γ production by inhibiting Th1 cell development from which IFN-γ is
derived.4 IL-13 also drives30 and IL-5 enhances31 IgE synthesis. In contrast, IFN-γ inhibits
both IgE class switch and Th2 cell growth (as reviewed by Robinson29), thereby potentially
decreasing IL-4, IL-5 and IL-13 levels. Thus, any relation between IFN-γ production and
total IgE becomes more evident if adjusted for Th2 cytokine production, and vice-versa.

With respect to asthma, this study found that IL-13 was positively and IFN-γ inversely
associated with both atopic and non-atopic asthma, whereas IL-4 was only associated with
asthma for atopic children. As suggested by studies relating to IL-13 variants, our finding of
a strong relation of asthma to IL-13 is not surprising.32 Moreover, these findings are similar
to previous epidemiological studies that have shown positive relations between IL-13 and
asthma,13, 14 IL-4 and atopic asthma,22 and inverse relations between IFN-γ and
asthma,15, 26 atopic asthma22 and wheeze.24, 27 However, to our knowledge, this is the first
study in children that examines relations of cytokines to asthma stratified by atopic status.
Our finding that IL-13 was related to both atopic and non-atopic asthma suggests that IL-13
acts independently of mechanisms involved in allergic response, a speculation supported by
studies that find over-expression of IL-13 in airways of both allergic and non-allergic
asthmatics.33, 34 These results emphasize the possibility that asthma may develop
independently of IgE as previous epidemiologic findings have suggested.8, 9 Studies in
animal models have demonstrated that IL-13 has direct effects on airway tissues, including
mucus hypersecretion, airway inflammation, and subepithelial fibrosis.35 In contrast to
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IL-13, we found that IL-4 was only associated with asthma in the presence of specific IgE
sensitization, which corresponds with earlier findings of over-expression of IL-4 among
allergic, but not among non-allergic asthmatics.33, 34

We found that adjusted analyses between cytokine production and asthma followed a pattern
similar to that for IgE, in that adjustment for IFN-γ strengthened the relation with IL-13 and
vice versa, again emphasizing that it is the relative rather than the absolute production of
Th1 and Th2 cytokines that influences risk. The value of adjustment is further demonstrated
in Figure 1, which provides a graphic representation of one slice of our asthma data at age 5
in relation to 3-month IFN-γ and IL-13 production. By showing the effect of IL-13 relative
to IFN-γ levels and vice-versa, we see clearly that only individuals with both low IL-13 and
high IFN-γ appear to be protected from asthma, a relation that would be missed if we were
to examine IL-13 and IFN-γ in isolation. Other studies have modeled the effect of Th1
cytokines relative to Th2 cytokines using ratios as single variables in analyses.15, 22 We
opted a priori to use Th1-Th2 cytokine-adjusted models rather than ratios, both because of
the questionable validity of results from ratio-based analyses,36 and in order to better
interpret individual effects of each cytokine which might be missed if our assessed variables
were collapsed to a single ratio.

We found no relation of cord blood cytokine production and either asthma or total IgE.
Though at least two studies have found relations between cord blood mononuclear cell IL-13
production and subsequent atopic disease,18, 37 the direction of the relation was inconsistent
for these studies. Furthermore, several larger studies corroborate our null results, reporting
no associations between allergic outcomes and the cord blood cytokines that we assess in
this paper.17, 23, 38 Our finding that total IgE through age 5 is associated with 12 month, and,
in the case of IL-4 and IFN-γ, 3-month cytokine production but not with cord blood cytokine
production, suggests that these mechanisms are not fully determined at birth, but rather
develop during the first year of life. Similarly, the transient relation we find between 3-
month cytokine production and later asthma, which is no longer present at 12 months,
suggests there may be an early window of vulnerability that is influential in asthma, and that
is marked by altered production of IL-13, IFN-γ, and in the case of atopic asthma, IL-4. The
fact that these relations vary depending on the timing of the assessment underscores the
value of longitudinal follow-up with repeated measures of both the predictors and the
outcomes.

Our study has certain limitations. First, cytokine production from mitogen-stimulated
peripheral blood mononuclear cells is likely to be, at best, a crude reflection of cytokine
production within local tissue sites where T-cell stimulation occurs as a result of antigen
presentation (or perhaps endogenous mitogen stimulation). Thus, the reported associations
cannot necessarily be attributed to cause and effect, but may be driven by some common
factor that we have not considered. More mechanistic studies are required to determine
whether the relationships observed have biologic significance. Second, our follow-up of
outcomes currently ends at age 5. Clearly, this age precludes a definitive assessment of
asthma. Third, while we have described the cytokines produced as being Th1 and Th2, we
acknowledge that there may be additional cell sources other than T helper cells, given that
the cell stimulation studies utilized peripheral blood mononuclear cells. Fourth, our study is
limited by its focus on Th1 and Th2 cytokines. While reflecting the state of the science in
the 1990s, other more recently discovered cytokines including regulatory cytokines may also
show differential relations with asthma outcomes. Finally, we acknowledge that using an
18–24 hour window for harvesting supernatant fluids may not optimally capture the capacity
to produce particular cytokines. However we have no reason to suspect that outcome groups
would be affected differentially.
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In conclusion, our results suggest that total IgE and active asthma through age 5 are
associated with adaptive cytokine production in the first year of life but that patterns of
relation differ temporally and with regard to the relative importance of individual cytokines.
At 3-months, production of IL-13 and IFN-γ were positively and negatively, respectively,
associated with asthma, as was IL-4 for the subset of atopic children. In contrast, cytokine
production at 12 months was associated with total IgE, with IL-4 and IL-5 showing the
strongest relations. These data demonstrate the complex interplay between Th1 and Th2
cytokines in the development of allergic disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Key Messages

• Cytokine production in the first year of life shows different relations with total
IgE and with asthma through age 5.

• Several cytokines at age 1 year associate with IgE levels assessed longitudinally.

• Asthma relates directly to IL-13 and inversely to IFN-γ adjusted for IL-13 at 3
months but not to cytokine production later.
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Figure 1.
Active asthma at age 5 by 3-month IFN-γ and IL-13, with asthma prevalence shown by
quadrants created by dividing IFN-γ and IL-13 values at the median.

Rothers et al. Page 12

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rothers et al. Page 13

Ta
bl

e 
I

M
ed

ia
n,

 ra
ng

e,
 g

eo
m

et
ric

 m
ea

n 
an

d 
95

%
 c

on
fid

en
ce

 in
te

rv
al

 (i
n 

pg
/m

L)
 fo

r c
yt

ok
in

e 
pr

od
uc

tio
n 

at
 b

irt
h,

 3
 a

nd
 1

2 
m

on
th

s.

B
ir

th
3 

m
on

th
s

12
 m

on
th

s

M
ed

ia
n 

(R
an

ge
)

G
eo

m
et

ri
c 

M
ea

n 
(9

5%
 C

I)
M

ed
ia

n 
(R

an
ge

)
G

eo
m

et
ri

c 
M

ea
n 

(9
5%

 C
I)

M
ed

ia
n 

(R
an

ge
)

G
eo

m
et

ri
c 

M
ea

n 
(9

5%
 C

I)

IL
-4

0.
52

 (0
.2

5,
 5

.0
7)

*
1.

00
 (0

.2
5,

 1
9.

3)
1.

01
 (0

.9
1,

 1
.1

2)
2.

30
 (0

.2
5,

 3
0.

8)
2.

00
 (1

.8
0,

 2
.2

3)

IL
-5

7.
8 

(7
.8

, 4
60

)
*

7.
8 

(7
.8

, 5
45

)
*

74
.2

 (7
.8

, 9
62

)
68

.0
 (6

0.
2,

 7
8.

8)

IL
-1

3
15

4 
(3

.1
3,

 1
38

0)
13

8 
(1

23
, 1

54
)

12
3 

(3
.1

3,
 4

21
0)

11
6 

(1
06

, 1
26

)
19

2 
(3

.1
3,

 1
40

0)
17

3 
(1

57
, 1

91
)

IF
N

-γ
56

6 
(1

5.
6,

 1
53

00
)

40
9 

(3
49

, 4
80

)
77

4 
(1

5.
6,

 3
35

00
)

61
2 

(5
33

, 7
03

)
14

70
 (1

5.
6,

 2
30

00
)

10
80

 (9
15

, 1
27

0)

A
bb

re
vi

at
io

n:
 C

I (
C

on
fid

en
ce

 In
te

rv
al

)

* Le
ss

 th
an

 8
0%

 d
et

ec
ta

bi
lit

y.
 T

re
at

ed
 a

s d
ic

ho
to

m
ou

s (
un

de
te

ct
ab

le
/d

et
ec

ta
bl

e)
 fo

r a
ll 

an
al

ys
es

.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rothers et al. Page 14

Table II

Regression coefficients for log total IgE from longitudinal models over 1, 2, 3 and 5 years, for individual
cytokines (Unadjusted) and for Th2 cytokines adjusted for IFN-γ levels (Adjusted), at 3 and 12 months.*

Total IgE
Ages 1, 2, 3, and 5 years

Coef. P-value

3 Month Cytokines

 Unadjusted

IL-4 0.07 0.040

IL-5† 0.10 0.134

IL-13 0.00 0.968

IFN-γ −0.03 0.345

 Adjusted

IL-4 0.11 0.005

IFN-γ −0.08 0.030

IL-5† 0.12 0.089

IFN-γ −0.04 0.214

IL-13 0.03 0.446

IFN-γ −0.05 0.191

12 Month Cytokines

 Unadjusted

IL-4 0.13 <0.001

IL-5 0.12 <0.001

IL-13 0.06 0.086

IFN-γ −0.02 0.500

 Adjusted

IL-4 0.17 <0.001

IFN-γ −0.09 0.010

IL-5 0.14 <0.001

IFN-γ −0.06 0.054

IL-13 0.09 0.016

IFN-γ −0.07 0.066

Abbreviation: Coef. (Coefficient)

*
N3 Months = 295–298; N12 Months = 309–316

†
Dichotomized: Detectable/Undetectable.
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