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Abstract

Background—~Prior studies have shown relationships between serum immunoglobulin E (IgE)
and asthma.

Objective—To investigate relationships between total and allergen-specific IgE concentrations
and lung function in young adults.

Methods—Measurements of total IgE, allergen-specific IgE to 6 common allergens, and
spirometry (forced expiratory volume in one second [FEV1], forced vital capacity [FVC], FEV1/
FVC, and percent change in FEV1 after bronchodilation) were used to calculate correlations
between the logarithmically transformed IgE values and measures of lung function among
participants in a birth cohort not selected for risk of allergic disease stratified by current asthma,
prior asthma, or no asthma.

Results—The 428 participants were 51.6% female, 93% white, and 18.4 (standard deviation =
0.6) years old. Forty-eight (11.2%) had current asthma, 55 (12.9%) had a history of asthma, and
325 (75.9%) never had asthma. For males with current asthma, correlations between total IgE and
FEV1% and FVC% were —0.51 (P =.06) and —0.70 (P = .005), respectively. For females with
current asthma, the only significant correlation was between total IgE and the FEV1/FVC ratio
(-0.55, P =.001). After excluding smokers and individuals without detectable allergen-specific
IgE, the negative correlations for both males and females remained statistically significant. The
correlations among males or females with prior asthma or no history of asthma were minimal and
not statistically significant. The sum of the allergen-specific IgEs showed the same pattern of
relationships to lung function as did total IgE.

Conclusions—Our results show significant negative correlations that vary by gender between
both total and allergen-specific IgE and measurements of lung function in young adults with
current asthma.

Introduction

Previous studies have shown that increasing serum concentrations of total IgE are strongly
related to an increasing risk of a person having asthma.l=3 Sears et al. also showed that
serum IgE concentrations were significantly correlated with responsiveness to inhaled
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methacholine.? In the study of Burrows et al. the positive correlation between total serum
IgE and asthma was stronger than correlations between indicators of allergen-specific IgE
and asthma suggesting that a mechanism other than sensitivity to inhalant allergens links IgE
to asthma.l

Studies by Grunstein et al. have shown that, in mice, airway smooth muscle cells have both
high- (FceR1) and low- (FceR2) affinity IgE receptors on their surfaces.* These are
functional IgE receptors as shown by upregulation of cytokine production, especially 1L-5
and 1L-13.5 Furthermore, IgE activation of airway smooth muscle cells increases smooth
muscle reactivity.* Human studies have also shown associations between IgE and airway
responsiveness® illustrated by studies in which reducing serum IgE concentration with
omalizumab improved asthma symptoms.”:8

There are important gender differences in asthma. During childhood, males are more likely
to have asthma than females, while in adolescence, prevalence equalizes followed by a
greater prevalence in females during adulthood.® It seems likely that hormonal changes
occurring during puberty contribute to this pattern.10:11 These known gender differences
prompted us to look for gender differences in correlations between IgE and lung function.
Based on the described relationships of IgE to asthma, we evaluated whether total or
allergen-specific serum IgE concentrations were associated with decreased lung function in
a population-based birth cohort of otherwise healthy young adults after considering their
individual histories of asthma. We hypothesized that increasing levels of serum IgE would
be associated with reduced lung function primarily seen as reduced airflow measured by
percent predicted forced expiratory volume in 1 second (FEV1) and ratio of FEV1 to forced
vital capacity (FVC) or (FEV1/FVC). We posited that inverse relationships between IgE and
lung function would be found in individuals with current asthma, those with a previous
history of asthma and perhaps also those that had never had a diagnosis of asthma.

The initial selection of the cohort has been previously described.12-14 Briefly, the Childhood
Allergy Study (CAS) is a population-based birth cohort conducted among members of a
health maintenance organization in northern suburbs of Detroit, Michigan to study
environmental influences on the development of allergic diseases and asthma. All pregnant
women enrolled in the HMO who were at least 18 years of age, living in a predefined
geographic area, and due to deliver in 1987 through 1989, were invited to participate in the
study. Eligibility was not related to a history of allergic disease. Only full term infants (at
least Sg)weeks gestation) with valid cord blood IgE measurements were included in the
study.

Eight hundred thirty-five children were initially enrolled in CAS. Annual interviews were
conducted until 6-7 years at which time children were invited to complete a clinic visit.12
Beginning in May 2005, all of the former child participants were contacted by telephone as
they attained 18 years of age to obtain information on allergy, asthma, and other health and
exposure histories including pets and tobacco smoke exposure, from the ages of 6 through
18 years. All interviewed teens were invited to a clinic visit for blood sample collection and
spirometry measurements but some could not come to the clinic because they had moved
from the area or for other reasons. Spirometry and blood collection were not performed if
the patient reported a viral illness within the previous week. There were no exclusions for
the clinic visit and samples were collected throughout the year at the convenience of
participants. If a visit was cancelled due to illness it was rescheduled whenever possible.
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Of the 835 initial child participants, interviews were completed on 670 participants and of
these 566 had serum samples collected between the ages of 18-20 years for measurement of
total and allergen specific IgE concentrations. A total of 432 participants completed pre- and
post-bronchodilator spirometry providing 428 with complete data from questionnaires, IgE
measurements and spirometry results for analysis. Current asthma was defined as a
participant report of a previous doctor diagnosis of asthma and a report of asthma symptoms
or asthma medication use in the last 12 months. Prior asthma was defined as a participant
report of having received a doctor diagnosis of asthma in those who had no asthma
symptoms or medications in the previous year. Those denying ever having received a
doctor’s diagnosis of asthma were defined as those without asthma. Smoking was defined as
a report of smoking one or more cigarettes per week. All aspects of this research were
approved by the Henry Ford Hospital Institutional Review Board, and the Georgia Health
Sciences University Human Assurance Committee and written informed consent was
obtained from the subjects as required.

Measurements of total and allergen specific IgE were performed following the standard
manufacturer’s protocols using the Pharmacia UniCAP system (Phadia USA, Portage, MI).
Allergen-specific IgE was measured to dog, cat, dust mite (Dermatophagoides farina),
timothy grass, Alternaria alternata and short ragweed and values of 20.35 kl1U/I were
considered positive as in previous publications. Atopy was defined as one or more positive
values for allergen-specific IgE. For analyses, the allergen-specific IgE values for each
allergen were summed to produce a single value which is referred to as the sum of allergen-
specific IgE. We also evaluated using the number of positive allergen-specific IgE values.
Since there were no differences in the overall results when using the sum or number of
positive allergen-specific results, only the analyses with the sum of the allergen-specific IgE
are presented. One percent of all IgE assays were repeated in a different assay run on a
different day to provide estimates of interassay reliability. The geometric mean coefficient
of interassay variation was 5.9% for total IgE and 6.7% for allergen-specific IgE.

Lung function was recorded with a handheld spirometer (SpiroPro spirometer Jaeger,
Hoechberg, Germany). If a subject was taking a short-acting bronchodilator, the medication
was withheld for 6 hours prior to testing but all controller medications were continued
(including leukotriene modifying agents, inhaled corticosteroids, and combinations of
inhaled corticosteroids and long-acting beta-agonists). The subjects were coached to engage
in maximal forced expiratory maneuvers while standing with the use of nose clips.
Spirometry was performed in accordance with American Thoracic Society — European
Respiratory Society standards1® and findings were considered to be acceptable if the subject
made a good effort and if two forced exhalation maneuvers showed reproducibility (+5%)
for FVC and FEV;. Spirometry was repeated for all subjects a second time 15 minutes after
having the subject inhale 2 puffs of pirbuterol (Maxair Authohaler, Graceway
Pharmaceuticals, Bristol, TN) from a metered dose inhaler and the percent change in FEV1
was calculated from the best of three attempts. Spirometry results included; the percent
predicted forced expiratory volume in one second (FEV1%), forced vital capacity (FVC%),
the ration of FEV1/FVC, and the percent change in FEV1 post pirbuterol. All spirometry
was examined for proper effort and consistency and results from inadequate evaluations
were removed before data analysis which reduces the number of subjects in some analyses.

Statistical Analysis

The distribution of the total serum IgE and the sums of the allergen-specific IgE values was
skewed but after natural logarithmic transformation the distribution adequately
approximated a normal distribution. Total IgE data are presented as geometric means (GM)
and 95% confidence intervals (95% CI). Chi-square analysis was used to compare
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charcteristics of participants and nonparticipants. All analyses were performed with log-
transformed IgE values. Bivariate associations between two continuous variables, such as
log-transformed IgE and FEV1%, were assessed with Pearson’s correlations. Kruskal-Wallis
tests were used to look for differences across the groups stratified by asthma status and sex
(current, prior, never). Teen participant smoking status was adjusted for using partial
correlation analysis. All statistical analyses were performed using SAS software (version
9.2: SAS Institute, Cary, N.C.). P-values less than 0.05 were considered statistically
significant in all analyses.

Table 1 shows the characteristics of the study participants and compares the gender and
racial distributions of those included and excluded from analysis. The gender and racial
proportions did not differ significantly for those included and excluded. Males were more
likely to be atopic than females but this difference did not reach statistical significance
(92.9% versus 67.6%, respectively, p=0.08). Total serum IgE concentrations were strongly
correlated with the sum of the allergen-specific IgE measurements. For males with current
asthma the correlation was 0.88 and for females with current asthma it was 0.74. Of the 432
subjects 49 (11.3%) had asthma, 57 (13.2%) prior asthma and 326 (75.5%) never had
asthma, Of the Of 49 subjects classified as having current asthma: 21 stated they only took
albuterol and an additional 16 said they had a medicine to relieve asthma but could not
provide the name, 4 took a leukotriene modifying drug, 4 took an inhaled corticosteroid, 3
took a combination inhaled corticosteroid plus long acting beta-agonist and 1 took an
intranasal steroid medication. Based on the medications reportedly taken, only 11 (22%) of
the 49 subjects had persistent asthma.

Table 2 shows the spirometry data obtained from study participants stratified by asthma
status. The only significant differences were between those with prior asthma who had lower
FEV1% and FVC% compared to those with no history of asthma. The percent change in
FEV1 post bronchodilator was not greater in those with current asthma compared to those
without asthma. After stratification by asthma history (data not shown) the only significant
difference in lung function between males and females was with FEVV1% in those with no
history of asthma. In this group males had greater average FEV1% than females (102.1%
versus 97.6%, respectively, p=0.004).

Table 3 shows the geometric mean values of total serum IgE concentrations for participants
stratified by gender and asthma history. The proportion of males with asthma (6.7%) is
significantly less than the proportion of females with asthma (15.7%), p=0.003.The
geometric mean IgE is statistically significantly different in both males and females by
asthma history, (p=0.004 and 0.007, respectively) largely because of the significantly higher
geometric mean in those with a history of current asthma compared to those who never had
asthma (p = 0.003, p=0.002, respectively). While the geometric mean of those with current
asthma was higher than those with prior asthma and the geometric mean of those with prior
asthma was greater than for those without asthma, these differences did not reach statistical
significance for either males or females.

Table 4 describes the correlations between total and allergen-specific IgE concentrations and
lung function variables in the participants stratified by gender and asthma status. Figures 1
and 2 illustrate the correlations between total serum IgE concentrations and lung function
variables in the participants stratified by gender among those with current asthma. In males
with current asthma the inverse correlations between total serum IgE and both FEV1% and
FVC% were relatively large, —0.51 and -0.70, respectively. The correlation between IgE
and FVVC% reached statistical significance (p=0.005) while that with FEV1% was of

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2014 March 17.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rajendra et al.

Page 5

borderline significance (p=0.06). The allergen-specific IgE inverse correlation with FVC%
was relatively strong but did not reach statistical significance. Among males with a prior
asthma history and those never having asthma, the total serum IgE and allergen-specific IgE
correlations were minimal and none approached statistical significance.

The pattern of the correlations between IgE and lung function in females was different from
that seen in males. Among females with current asthma strong inverse correlations were
observed between total and allergen-specific IgE and the FEV1/FVC ratio,( —0.55, p = 0.001
and , —0.36, p=0.043, respectively). The strong negative correlations between serum IgE
concentration and both FEV1% and FVC% seen in the males with current asthma were not
seen in the females with current asthma.

Smoking has been reported to increase serum IgE and to reduce lung function and the
relationship between atopy and total serum IgE is well known.1” We therefore considered
the possibility that the correlations between serum IgE and lung function variables were
influenced by subject smoking or by atopic status. When we statistically adjusted the
correlations shown in Table 4 for smoking status there were no important changes in the
results. The results of restricting analysis to only atopic, non-smoking males and females
were then examined For males with current asthma, the correlation between total IgE and
the percent predicted FVC increased to —0.81 (p=0.002) and that for FEVV1% remained
similar in direction and magnitude. For atopic, nonsmoking females with current asthma, the
correlation between total and allergen-specific IgE with the FEV1/FVC ratio increased in
magnitude (-0.62, p=0.003, —0.65, p=0.001). In this group of females the correlations of
total and allergen-specific IgE with F\VC% were much stronger (r=.41, p=0.065 for total
IgE; r=0.47, p=0.033 for allergen-specific IgE). All other correlations in this group remained
inconsequential (p>0.50).

Discussion

While our results are consistent with our initial hypothesis that increasing serum IgE
concentrations would be negatively correlated with lung function we believe our observation
of gender differences between IgE and lung function are unique. Increasing total IgE was
associated with lower FVC% in males but the association was in the opposite direction for
females. The reverse was true for FEV1/FVC. The same pattern of relationships was
observed when the sum of allergen-specific IgE values were examined in relationship to the
lung function measurements. The negative correlations we observed were only in
participants with current asthma and not among participants with either a prior or a negative
history for asthma. As has previously been reported for this age range, females were more
likely to have current asthma than males.

As expected we found that total IgE concentrations were significantly higher in those with
asthma than in those without asthma and intermediate in those with prior asthma
histories.1~3 Vollmer et al. showed that as IgE increased the percentage of persons with a
FEV1% < 80% increased in one of their two cohorts. However, they did not explore
differences by asthma history or gender.3 Sears et al. reported that regardless of their asthma
status, children with increased levels of serum IgE had increased airway responsiveness to
methacholine challenges.? However, we did not perform methacholine challenges in our
cohort as done by Sears et al., and the change in FEV1 after administration of a
bronchodilator in our data was not related to IgE regardless of asthma status. The minimal
changes we observed post-bronchodilator may have been related to only withholding short-
acting beta-agonists and not withholding controller medications, especially those containing
long-acting beta-agonists, prior to testing or to the relatively small dose of beta-agonist
administered.
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The gender differences we found in the correlations between IgE and lung function
parameters are intriguing because they suggest differences in asthma pathophysiology
between males and females. Many studies have shown gender differences in airway
reactivity and in asthma prevalence.18-21 We hypothesize that the loss of FVC% in males
with increasing IgE is related to increased air trapping resulting in greater residual volume.
Consistent with this hypothesis, Cohen et al. demonstrated greater methacholine induced air
trapping with end-expiratory CT scans in males than in females.22 In comparison, the
negative correlation between IgE and FEV1/FVC in females suggests that increasing airway
obstruction in females is more likely associated with airway inflammation than with air
trapping. Supporting this interpretation is the demonstration by Cohen et al of greater lung
inflammation in females as measured by exhaled nitric oxide.2? Greater inflammation in
female humans is consistent with studies using mouse models of allergic asthma showing
that female mice develop greater lung inflammation and remodeling than do male mice.23:24
A more recent paper by Collins et al showed that bronchial hyperresponsiveness was more
common and severe in females than in males.25 Goksor et al demonstrated that female
gender was the strongest predictor of airway obstruction in young adults who had been
hospitalized for wheezing at less than 2 years of age.26 Unfortunately, our data do not allow
us to more precisely distinguish the origins of these gender differences in airway obstruction
related to IgE concentrations. It was notable that our gender differences became more
striking when removing non-atopic asthmatics (which reduced the sample more in females),
suggesting that these sex differences are most important in asthma associated with allergic
sensitivity.

An important strength of our study is that fact that it was done in a large, prospective,
population-based, birth cohort. The parents of the study subjects were questioned repeatedly
about asthma and respiratory illnesses from the time the subjects were born until they were 7
years old. Asthma status at 18 — 20 years of age was self-reported but the subjects came
from families that were frequently enrolled in a health maintenance plan suggesting that
access to medical care was likely to be adequate for all participants.12

Weaknesses of our study include the loss of some subjects and the failure of some to
participate in all parts of the follow up examination. Study subjects were predominantly
Caucasian limiting the ability to generalize to other racial groups. Additionally, our subjects
were only from one geographic region. More detailed lung volume studies might have
provided additional information to further elucidate gender differences but such studies were
not feasible in this study. There has been research showing that females have decreased
FEV1 during their menstrual cycle® but we did not ask participating women about
menstruation during their visits so we could not adjust for this in our analyses. To determine
allergic sensitization only six allergens were tested but others have shown that a limited
number of tests is sufficient for epidemiologic studies.2” Finally, the number of individuals
with current asthma limited our statistical power in some comparisons.

In conclusion, we found significant inverse relationships between serum IgE concentrations
and lung function among those with current asthma. Additionally we found that the IgE —
lung function correlations differed markedly by gender suggesting gender differences in
asthma pathophysiology.
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Figure 1.

Scatter plot of total serum IgE concentrations as natural logarithms in relationship to the
lung function measurements FEV1%, FVC%, FEV1/FVC, and percent change in FEV1

post-bronchodilator among males with current asthma.
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Figure2.

Scatter plot of total serum IgE concentrations as natural logarithms in relationship to the
lung function measurements FEV1%, FVC%, FEV1/FVC, and percent change in FEV1
post-bronchodilator among females with current asthma.
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Table 1

Description of participants and comparison of those included and excluded from analysis

Included in | Excluded from Chi-
Analysis Analysis’ square
P-value
N =432 N =403
Gender, n (%) 0.61
Male 209 (48.4%) | 202 (50.1%)
Female 223 (51.6%) 201 (49.9%)
Race, n (%) 0.70
White 413 (95.6%) | 383 (95.0%)
Other 19 (4.4%) 20 (5.0%)
Mean age at spirometry (s.d.) 18.4 (0.6)
Asthma status at follow up visit
Current 49 (11.3%)
Prior 57 (13.2%)
Never 326 (75.5%)
Days teen smoked in 30 days prior to follow up
0 (None) 325 (75.2%)
1-29 days (some) 52 (12.1%)
All 30 days 55 (12.7%)

*
Four hundred seven individuals were excluded from analysis either because they did not participate or because they did not complete all elements
of the clinical evaluation.
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Table 2

Summary of Spirometry Measures in Study Participants Stratified by Asthma History

FEV].%* FVC%* FEVUFVC% % change
mean (s.d.) mean (s.d.) mean (s.d.) FEV1™®
mean (s.d.)
All subjects 99.3(12.9) n=432 | 103.3 (11.5) n=401 | 83.2% (7.7) n=401 | 3.1(7.8) n=415
Current asthma 99.8 (12.6) n=49 103.8 (14.2) n=46 | 84.3% (7.0)n=46 | 2.6 (7.0) n=45
Prior asthma 94.3 (14.5) n=57 99.1 (12.3) n=54 81.7% (9.6) n=53 3.5(7.7) n=53

Never asthma

100.1 (12.5) n=326

104.0 (10.7) n=301

83.3% (7.4) n=301

3.1(7.9) n=317

P value for differences between asthma groups

0.0127

0.030"

0.45

0.67

*
Percent predicted FEV1 and FVC.

*%

Percent change in FEV1 15 minutes after receiving two sprays of pirbuterol from a metered dose inhaler.

TFor both FEV1% and FVC% the differences between prior and never asthma are significant P<0.01.
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Geometric Mean Total Serum IgE in Males and Female Stratified by Asthma Status

Table 3

Strata Number of | Total IgE, IU/ml | p_yaue*
subjects Geometric Mean
(95% CI)
Males
Current asthma 14** 119.4 (63.8, 223.4)
Prior asthma 32 60.5 (35.6, 102.9) 0.004
No asthma 163 34.0 (26.3, 43.9)
Females
Current asthma 35" 63.1 (40.2,99.1)
Prior asthma 25 35.3 (19.5, 63.8) 0.007
No asthma 163 27.8 (22.5,34.4)

Page 13

*

Comparison of IgE by asthma status for males: current, prior and never - P=0.004, current versus never asthma — P=0.003, current versus prior —
P=0.16, and prior versus never P=0.07. For females: current, prior and never - P=0.007, current versus never asthma — P=0.002, current versus
prior - P=0.07, and prior versus never P=0.61.

*%

The proportion of males with asthma (6.7%) is significantly less than the proportion of females with asthma (15.7%), p=0.003.
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Table 4

Pearson Correlation Coefficients for Total and Sums of Allergen-Specific Serum IgE and Lung Function
Variables Stratified by Gender and Asthma Group: Current Asthma, Prior Asthma, and Never Asthma”

All Individuals Participating in Study
Asthma status | FEV1% ** | Fvce™ | FEVLFVC | % change FEV1#
Males
Current Asthma
-0.51 -0.7 0.12 0.2
Total Serum IgE p=0.06 p=0.005 p=0.69 p=0.50
n=14 n=14 n=14 n=13
-0.48 -0.7 0.17 -0.04
Allergen Specific IgE p=0.09 p=0.006 p=0.57 p=0.97
n=14 n=14 n=14 n=13
Prior Asthma
0.14 -0.03 0.25 0.05
Total Serum IgE p=0.46 p=0.88 p=0.18 p=0.78
n=32 n=31 n=31 n=30
Never Asthma
-0.08 -0.07 -0.01 0.03
Total Serum IgE p=0.32 p=0.37 p=0.96 p=0.70
n=163 n=156 n=156 n=161
Females
Current Asthma
-0.19 0.07 -0.53 0.1
Total Serum IgE p=0.28 p=0.71 p=0.002 p=0.57
n=35 n=32 n=32 n=32
-0.07 0.12 -0.42 0.13
Allergen Specific IgE p=0.71 p=0.51 p=0.017 p=0.48
n=35 n=32 n=32 n=32
Prior Asthma
-0.32 -0.23 -0.21 0.09
Total Serum IgE p=0.12 p=0.30 p=0.34 p=0.69
n=25 n=23 n=23 n=23
Never Asthma
-0.09 -0.09 0.01 0.03
Total Serum IgE p=0.25 p=0.31 p=0.89 p=07
n=163 n=145 n=145 n=156
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*

Correlations for the sums of the allergen-specific IgE are not included for those with prior or no asthma because the correlations were all very
small and similar to those of the total IgE. The numbers of subjects varies slightly depending on participation and adequate performance of all
spirometry

*%

Percent predicted FEV1 and FVC.

# . . - . .
Percent change in FEV1 15 minutes after receiving two sprays of pibuterol from a metered dose inhaler.
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