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ABSTRACT: Elevated serum immunoglobulin (Ig)E is the hallmark of atopy, and
contributes to asthma and bronchial hyperresponsiveness in atopic individuals. In
contrast, the significance of IgE in nonallergic subjects is less clear. The aim of the
present study is to clarify a potential association of IgE and asthma in absence of
clinical allergy.

To this purpose 1,219 consecutive patients of a pulmonary practice were evaluated.
Nonallergic patients were defined by negative skin prick test, history of atopy and
specific IgE, 509 subjects (42%) were nonallergic. Among these, 80 patients (16%)
had elevated total IgE levels (>150 U.mL-1). Prevalence and severity of asthma in
nonallergic subjects with IgE>150 U.mL-1 were compared with subjects with normal
IgE levels, and lung function parameters were correlated with serum IgE in all
nonallergic subjects and asthmatics.

Asthma was more prevalent in nonallergic subjects with elevated IgE levels than in
nonallergic subjects with normal IgE (39% versus 14%; p<0.001). Lung function
values of nonallergic asthmatics were lower for forced expiratory volume in one
second (FEV1) % predicted (66+20% versus 83�17%; p<0.001), FEV1% forced vital
capacity (FVC) (70�14% versus 81�8%; p<0.001) and forced mid expiratory flow
(FEF25±75) (1.7�0.9 L.s-1 versus 2.8�0.9 L.s-1; p=0.002) in patients with high IgE com-
pared to asthmatics with normal IgE, and were negatively correlated with log IgE
levels in all nonallergic asthmatics. (FEV1 % pred: r=-0.5, p<0.001; FEV1 % FVC:
r=-0.53, p<0.001; FEF25±75: r=-0.52, p<0.001). In the whole study population,
multivariate analysis showed a greater than fivefold asthma risk for nonallergic
individuals with serum IgE>150 U.mL-1.

These data support the role of IgE as risk factor for asthma independent of allergy,
and they further challenge the definition of intrinsic asthma as "non-IgE mediated"
entity.
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Bronchial asthma is characterized by lower respiratory
tract inflammation leading to bronchial hyperresponsive-
ness (BHR) and variable, reversible airflow obstruction. A
still widely used classification [1] distinguishes allergic,
immediate type hypersensitivity mediated ("extrinsic")
from nonallergic ("intrinsic") asthma. However, several
lines of evidence challenge the dualistic concept of ex-
trinsic and intrinsic asthma [2]. Inflammatory cytokines
[3] and high affinity IgE receptor expression in bronchial
biopsies [4] were similar in allergic and intrinsic asth-
matics. BURROWS [5] showed that every form of asthma
was somehow associated with IgE, and a paper by SUNYER

et al. [6] revealed an independent association of asthma
and serum IgE levels. However, these findings have not
been unquestioned, in particular since asthma diagnosis
was solely based on "self-reported asthma" in question-
naires [5], and the number of allergens tested to verify or
rule out atopy was very small [5, 6], thus possibly leading
to underdiagnosis of allergic disease.

Since the original description of IgE by ISHIZAKA et al.
[7] in 1966, the knowledge about the role of IgE in the

pathogenesis of allergic diseases has profoundly in-
creased. Serum levels of allergen specific and total IgE
are strongly associated with the clinical grade of sensiti-
zation and disease severity in allergic patients [8]. IgE has
also been shown to be a major contributing factor for the
development of bronchial hyperresponsiveness in asth-
matics [9], and ongoing research focuses on the possi-
bility and clinical feasibility of blocking IgE-mediated
disorders by monoclonal anti-IgE-antibodies [10, 11].

Determination of total serum IgE levels is used as a
screening tool for atopy, although the sensitivity and
specificity of serum IgE determination still remains contro-
versial [12, 13]. With normal values differing in their
range, an upper limit of 120±180 U.mL-1 for serum-IgE
levels is generally accepted to provide a feasible tool to
distinguish atopics from nonatopics [14]. Besides atopy,
elevated IgE levels are occasionally observed in disorders
like parasitic infection [15], myeloma [16], chronic in-
flammatory bowel diseases [17], human immunodefi-
ciency virus (HIV) infection [18] or rare disorders like
Job's syndrome [19]. In addition, smoking [20, 21] and
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exposure to diesel exhaust or benzole [22] have been
shown to result in enhanced IgE production. Neverthe-
less, significant elevation of serum IgE is occasionally
also observed in clearly nonallergic individuals, either
with asthma or not, and little is known about the clinical
significance of such findings.

With this background the aim of the present study was to
analyse the relationship between asthma and total and
specific serum IgE in a large sample of patients in order to
further elucidate a possible contributory role of serum IgE
to the pathogenesis of bronchial asthma in nonallergic
individuals.

Methods

Patients

Files from 1,219 consecutive patients newly admitted to
a pulmonary specialist practice with respiratory symptoms
or for a health check-up between January 1995 and January
1996 were retrospectively investigated. The practice is
settled in the inner city of Frankfurt, Germany. Patients are
either referred from general practitioners, but may also
present on their own responsibility, with a clear predom-
inance of self-admitted patients. The data were made
anonymous by one and consecutively analysed by another
investigator.

All patients underwent thorough clinical evaluation (age,
race, sex, occupation, patient and family history, smoking
status, physical examination), skin prick test (SPT) with
allergen extracts, lung function tests (bodyplethysmogra-
phy and spirometry), and nonspecific bronchial provoca-
tion (histamine) to verify bronchial hyperresponsiveness, if
baseline lung function revealed no abnormalities (FEV1

$85% pred). A blood sample was drawn to determine total
and specific serum IgE levels.

A diagnosis of asthma was based on the following
criteria: 1) airflow obstruction (FEV1 <85%) with reversi-
bility >12% and at least 200 mL from baseline after
bronchodilation [23]; or 2) positive histamine challenge
combined with typical clinical signs like dry cough and
wheezing in absence of acute respiratory tract infection
[24]. Serum IgE levels did not influence the possible
diagnosis of asthma. Allergy was defined as at least one
positive SPT result against common allergens, detectable
levels of specific IgE against at least one out of ten
allergens Enzyme-linked Allergic Sorbent Test/Radio
Allergo Sorbent Test (EAST/PAST class $1), or patient
history of atopic dermatitis or allergic rhinoconjunctivitis.
Consequently, nonallergics were defined by complete
absence of the above mentioned criteria.

Based on these criteria all nonallergics were selected for
analysis. Nonallergic subjects were further divided into a)
patients with elevated serum IgE levels (>150 U.mL-1) and
b) nonallergic patients with normal IgE levels. Patients
with history or clinical signs of parasitic infection, chronic
inflammatory bowel disease, myeloma, and HlV-infection
were excluded.

Skin prick test

Skin prick tests (Bencard, Neuss, Germany) included
the following allergens: grass pollen mix, rye grass; weed

pollen mix, tree pollen mix, dog, cat, feather mix, horse;
guinea pig, Dermatophagoides pteronyssinus, Dermato-
phagoides farinae, Alternaria, Aspergillus fumigatus, and
Penicilium notatum. Results were read as reactions grading
from 0±4 according to wheal and erythema diameters in
mm, as previously described [25]. In patients with nega-
tive standard SPT but elevated total IgE>150 U.mL-1, an
additional SPT with food allergens was performed to
exclude food sensitizations including egg, cows' milk,
tomato, caseine, crab, meat mix, flour mix and spice mix.
Only patients with complete negative SPT were regarded
as nonallergic.

Pulmonary function tests

Pulmonary function tests were performed in a whole-
body plethysmograph (Masterlab II, Jaeger, Wuerzburg,
Germany). The best of three consecutive spirometry re-
cordings were used. Measurements included forced vital
capacity (FVC), FEV1, FEF25±75 and airway resistance
(Raw). Histamine challenge was performed using a modi-
fied reservoire method (PARI Provocation Test II, Dr.
Beckmann Co., Germany) [26]. Briefly, histamine chlo-
ride 0.2% was administered by an inhalation reservoire in
increasing volumes (1.25, 2.5, 5 and 10 L), resulting in
applied histamine doses of 25 mg, 50 mg, 100 mg and 200
mg, respectively. The test was regarded positive, if a 20%
fall of baseline FEV1 occurred (PD20). A dose of >200 mg
histamine defined a negative response. Airflow reversi-
bility tests, if necessary, were performed after application
of 200 mg of aerosolized salbutamol (2 puffs), followed
by a second lung function test after 15 min. Reference
values were obtained from the European Community for
Steel and Coal [27].

Total and specific immunoglobulin E measurements

Total and specific IgE measurements were performed
using an IgE MicroTurbo-Assay (Fooke Labs., Neuss,
Germany). For total IgE levels, seven World Health
Organization (WHO) standards were used (0, 2, 5, 20, 100,
500, 1500 U.mL-1), whereas for specific IgE levels, four
standards (EAST/PAST classes 1±4) were used. All pati-
ents were tested for total and specific IgE (grass, weed,
birch, der far, der pt, asp fum, alt aft, clad herb, cat, dog). A
result of EAST class $1 was considered positive. Normal
values for total IgE given by the manufacturer ranged
between 20±120 U.mL-1 for adults in this assay. A cut-off
point of 150 U.mL-1 was used to determine total serum IgE
elevation (mean�2SD). Similar to the general population,
IgE values were log normally distributed in the patients,
hence log IgE was used for statistical analysis.

Statistical analysis

Statistical analysis was performed using the intercooled
STATA 5.0 software package (State Corp., Texas, USA).
Unless specified otherwise, data are reported as mean�SD.
Shapiro-Wilk Test was used to test values for normal dis-
tribution. Group comparison tests were performed using
the two-sided t-test for normally, and Mann-Whitney
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U-test for non-normally distributed values. Categorical
variables between groups were compared using Fisher-
exact test. Correlational coefficients were calculated by
simple linear regression after log transformation of serum
IgE values. Odd ratios and relative risks were calculated by
multivariate logistic regression model adjusted for con-
founding parameters. For all statistical analyses, a value of
p<0.05 was considered statistically significant.

Results

Patients

Five-hundred and nine nonallergic individuals (42%)
were identified in a population of 1,219 consecutive
patients newly admitted to a pulmonary specialist practice
over one year. Among all nonallergic patients, 80 indi-
viduals (16%) had elevated serum IgE levels >150 U.mL-1

(range: 150±1109 U.mL-1), whereas the remaining 429
patients had normal levels (<150 U.mL-1). A total number
of 93 patients were diagnosed as having asthma. There
were no differences regarding age, sex distribution, eth-
nics, and occupational exposure to inhalants with potential
effects on respiratory function (e.g. inorganic and organic
dusts, solvents, air conditioning) between all nonallergic
individuals and asthmatics, whether they had normal or
elevated serum IgE levels. In particular, smoking habits
and number of consumed cigarettes per day were similar in
all groups. There was no correlation of serum IgE levels
with current smoking status (i.e. number of cigarettes per
day; r=0.09; p=0.27) or age (r=-0.004; p=0.92) in all non-
allergic patients. For nonallergic asthmatics, the percentage
of patients already using inhaled corticosteroids was higher
in the group of subjects with elevated IgE levels (68%
versus 47%; p=0.04) (table 1).

Diagnoses

Acute upper respiratory tract infection (URTI) was
the leading primary diagnosis in all nonallergic patients
(30%), followed by chronic obstructive pulmonary disease
(COPD, 23%) and asthma (19.4%); 19% of the patients
were found to have no disorder (health check-up or non-
specific, unclassifiable symptoms). Interestingly, the fre-
quency of an asthma diagnosis was higher in nonallergies
with elevated IgE than in nonallergics with normal IgE
(39% versus 14%; p<0.001). Nasal sinus disease was
present in 9% of all nonallergics, with higher prevalence in

patients with IgE<150 U.mL-1 than in patients with
IgE>150 U.mL-1 (10% versus 4%), but without statistical
significance (p=0.07). Regarding other diagnoses, there
were no differences between these two groups (p>0.05, all
comparisons).

Lung function

Lung function parameters indicating obstructive airway
disease were lowest in nonallergic patients with elevated
serum IgE>150 U.mL-1. Absolute and relative values of
spirometry were significantly lower in these patients when
compared with nonallergic patients with normal IgE levels
(table 2). Accordingly, airway resistance (Raw) was high-
est in nonallergics with IgE-elevation.

In the subgroup of nonallergic asthmatics, lung function
parameters were lower in those patients with high IgE>150
U.mL-1 than in nonallergic asthmatics with normal IgE
values, too. Reversibility measured as the percentage of
change in FEV1 from baseline after beta-agonist use ten-
ded to be better in nonallergics asthmatics with high IgE,
but this was not statistically significant (table 3).

Lung function parameters indicating obstructive airway
disease were weakly, but highly significantly, correlated
with log IgE levels in all nonallergic individuals (log Raw:
r=0.4, p<0.001; FEV1 (% pred): r=-0.28, p<0.001;
FEV1%FVC: r=-0.38, p<0.001; FEF25±75: r=-0.28, p=
0.001). This association was even stronger, when only the
subset of asthmatic nonallergic subjects were analysed
(fig. 1).

There were no differences in the median PD20 between
nonallergic asthmatics with normal or elevated IgE (100
mg histamine, both groups). However, this observation was
clearly biased by the fact, that asthmatics with high IgE had
worse lung function, and therefore, less frequently under-
went histamine challenge (8/31 versus 26/62, p=0.05) to
verify bronchial hyperresponsiveness.

Multivariate analysis

A multivariate logistic regression analysis was per-
formed to further assess and quantify risk factors for an
asthma diagnosis in nonallergic patients. Serum IgE
elevation >150 U.mL-1 (OR: 5.1; 95% CI: 2.6±10.1) and
age <40 yrs (OR: 3.8; 95% CI: 2±7.5) were associated with
an enhanced risk of present asthma, whereas sex, smoking
status, occupational exposure to inhalants, pet ownership
and history of nasal sinus disease were not (table 4).

Table 1. ± Characteristics of nonallergic asthmatics

IgE <150 U.mL-1 IgE >150 U.mL-1

Subjects n 62 31
Age yrs 39�13 42�16
Sex M/F 38/62 45/55
Caucasian race 96 94
Occupational exposure
to inhalants 13 6

Current smokers 18 19
Cigarettes.day-1 15�5 11�12
Pet ownership 18 23
ICS usage 47 68*

Data presented as percentage unless otherwise stated. IgE:
immunoglobulin E; ICS: inhaled corticosteroids; *: p=0.04.

Table 2. ± Lung function parameters in all nonallergic
patients

IgE <150 U.mL-1 IgE >150 U.mL-1

Subjects n 429 80
FEV1 L 2.83�0.9 2.56�0.9*
FEV1 % 88�20 81�25"

FEV1/%FVC % 81�12 75�13#

FEF25±75 L.s-1 2.8�1.4 2.3�1.3{

log Raw cmH2O.s.L-1 1.15�0.5 1.45�0.5#

Data presented as mean�SD. IgE: immunoglobulin E; FEV1:
forced expiratory volume in one second; FVC: forced vital
capacity; FEF25±75%: forced mid-expiratory flow; Raw: airway
resistance; *: p=0.02; ": p=0.007; {: p=0.005; #: p<0.001.
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Discussion

The possible association of serum IgE levels and
asthma, independent of specific allergic sensitization, has
been previously reported [5, 6]. However, these studies
have some important limitations. It is thus questionable,
whether the patients described in these reports really
represented nonallergic subjects or were underdiagnosed
allergic patients. To avoid these problems, in this study
the diagnosis of allergy and asthma was based on ex-
tensive history, clinical features, a broad range of allergy
tests, lung function parameters, b-agonist reversibility
of airway obstruction, and bronchial challenge with
histamine.

Apart from the retrospective character of this analysis,
the present study may be limited by a selectional bias, since
the patients included in this study are not a representative
sample from the general population, but patients presenting
to a pulmonary specialist. However, despite a possible
referral bias, a large sample of nonallergic subjects using
clear-cut definitions of asthma and allergy were analysed,
as described by the diagnostic procedures above. The
results of this study clearly suggest that elevation of serum
IgE is observed not only in allergic asthmatics, but may
also be encountered in clearly nonallergic individuals, and

that serum IgE may contribute to the pathogenesis and
severity of asthma in these nonallergic patients.

This conclusion is based on several observations. Firstly,
nonallergics with elevated IgE levels were more likely to
have a diagnosis of asthma in comparison to nonallergies
with normal IgE, resulting in a more than five-fold in-
creased risk for asthma in nonallergic subjects with IgE
>150 U.mL-1. Secondly, the extent of obstructive airway
disease was closely correlated with IgE levels in non-
allergic asthmatics as well. Thus, not only did the likeli-
hood of an asthma diagnosis increase with increasing
serum IgE levels, but the severity of asthma also increased
with airflow obstruction at the time of presentation.

However, the possible mechanisms of the association of
increased total serum IgE and asthma in nonallergic
patients remain to be fully understood for the following
reasons.

The IgE levels observed may represent specific IgE
against unknown allergens not included in our test panel.
From the authors' point of view, this explanation is most
unlikely, since their patients were extensively tested, and
especially patients with high total IgE underwent addi-
tional diagnostic procedures, including tests to rule out
food allergy. Furthermore, none of these patients had a
typical asthma history, suggesting allergen exposure as a
cause. It is therefore unlikely that the whole study popu-
lation represents individuals with monosensitizations
towards rare allergens not tested.

Cigarette smoking has been reported to be associated
with both elevated IgE levels and lung function impair-
ment in adults [28, 29], thus providing a possible explan-
ation for our findings. However, no differences in
smoking habits and number of cigarettes smoked per
day were observed between nonallergic asthmatics with
high and normal IgE levels; and total IgE was not cor-
related with the extent of current smoking (i.e. number of
cigarettes.day-1).

As long as a follow-up of the study participants is not
performed, it is difficult to assess whether nonallergics
with high IgE levels were rather pre-allergic than non-
allergic and may develop specific sensitizations in their
later lives. At least in the patients, who still attend the

Table 3. ± Lung function parameters in nonallergic asth-
matics

IgE
<150 U.mL-1

IgE
>150 U.mL-1

Subjects n 62 1
FEV1 L 2.8�0.8 2.1�0.8*
FEV1 % 83�17 66�20*
FEV1/%FVC % 81�8 70�14*
FEF25±75 L.s-1 2.8�0.9 1.7�0.9*
log Raw cmH2O.s.L-1 1.38�0.48 1.75�0.5#

Reversibility (DFEV1%
change from baseline) 19.7�5.2 21�5.1

Data presented as mean�SD. IgE: immunoglobulin E; FEV1:
forced expiratory volume in one second; FVC: forced vital
capacity; FEF25±75%: forced mid-expiratory flow; Raw: airway
resistance; *: p<0.001; ": p=0.007; #: p<0.002.
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practice frequently, this was not the case, yet a systematical
analysis remains to be completed.

Total IgE elevation could be a nonspecific reaction
secondary to asthmatic inflammation, which might stimu-
late B-cell production of polyclonal IgE [30]. This inter-
pretation could provide a possible explanation for the
correlation of asthma severity and total IgE levels seen in
the study population, in which total IgE may represent an
surrogate marker of asthmatic inflammation. Both lung
function and serum IgE are affected by anti-inflammatory
therapy. Although information about asthma medication
is incomplete, at least the percentage of subjects initially
using inhaled corticosteroids was higher in those asth-
matics with elevated IgE. A potential bias of anti-
inflammatory therapy would therefore rather strengthen
the findings presented.

An attractive explanation is supported by genetic linkage
analyses, which have revealed a possible co-inheritance of
the genetic loci representing bronchial hyperresponsive-
ness and atopy, i.e. a "high IgE"-phenotype [31, 32]. In
that case, the presented observations would represent a
noncausal, merely associated phenomenon.

Finally, it is tempting to speculate whether IgE is an
independent sensitizer of effector cells (mast cells and
basophils) triggering bronchial hyperresponsiveness even
in the absence of specific sensitizations in nonallergic
patients [9]. This concept is supported by several in vitro
studies, which have shown that bronchial hyperrespon-
siveness in tracheal segments may occur after incubation
with sera of patients with high IgE levels [33]. In this
setting, it might be feasible to use monoclonal anti-IgE as
asthma therapy even in nonallergic asthmatics.

In summary, this study supports the evidence that serum
IgE is associated with bronchial hyperresponsiveness and
asthma independently of atopy status and specific allergic
sensitizations, although this association may be limited to a
selected patient population. It is thus questionable, whether
a distinction of "extrinsic" and "intrinsic" asthma should be
based on the presence or absence of an elevated serum
concentration of IgE [34]. Further studies are clearly
warranted to elucidate whether these observations repre-
sent a causal, pathogenic, or noncausal association.
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