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Atopy can be considered one of the most important risk
factor for conditions such as hay fever, asthma and also
chronic airflow obstruction [1, 2]. Commonly, atopy is
defined as the familial allergic disorder of immediate-type
I hypersensitivity to environmental antigens [2].

In respiratory epidemiological surveys the characteriza-
tion of atopy has been carried out by collection of some
phenotypic biomarkers, such as skin-prick test reactivity
to common aeroallergens and total or specific serum im-
munoglobulin (Ig)E [3–6]. In the literature, considerable
overlap has been described between IgE levels in atopic
and nonatopic individuals [4, 5, 7].

An association of IgE levels with environmental [6, 8,
9] and host factors [8, 10, 11] has been indicated. Ciga-
rette smoking is related to elevated levels of total serum
IgE [1, 12, 13], but there are controversies about the
pathogenetic mechanism [2, 14]. Inconsistent results have
been reported on the association of total serum IgE with
passive smoking [15–18]. OMENAAS et al. [3] and SHIRAKAWA et al.

[6] reported a positive association between work exposure
and total serum IgE.

Sex [5, 19, 20] and age [5] are related to IgE levels, but
their effects are not homogeneous in epidemiological sur-
veys. In some studies the IgE levels are higher in males
than in females [5, 19] and are lower during adult life [5],
whereas in others there is no sex [4, 20] or age effect [4,
19, 20]. Further, an association of total serum IgE with
specific serum IgE has been described [3].

The aim of this study was to analyse the relationship of
IgE with factors such as sex, age, skin-prick test reactivity,
cigarette smoking and work exposure in a general popula-
tion sample living in North Italy.

Materials and methods

A representative sample of 4,213 subjects, aged 8–64
yrs, living in the Po River Delta area, was selected for a
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ABSTRACT: The purpose of the present study was to analyse whether sex, age, skin
test reactivity, cigarette smoking and occupational exposure were related to the total
serum immunoglobulin (Ig)E concentrations (kU·L-1), in a general population sample.

We studied 1,905 subjects (915 males, 990 females) of a general population sample
(n=2,841, 8–73 yrs) participating in the second cross-sectional respiratory epidemio-
logical survey in the rural Po Delta area (near Venice, North Italy). Distribution of
total serum IgE concentrations was skewed, thus a log-transformation was performed
to obtain a Gaussian shape.

Significantly higher values of IgE were found in males compared to females. In
general, a peak of IgE concentration was found at 8–14 yrs. IgE values tended to be
lower in older than younger adults. Significantly higher serum IgE levels were shown
in subjects with a positive skin-prick test index (ST+) than in those with a negative
skin-prick test index (ST-). There was a significant relationship of total IgE levels with
skin reactivity to pollens and house-dust mites. In both sexes higher values of IgE
were found in current smokers than in ex-nonsmokers, regardless of skin-test reactiv-
ity. There was no significant difference in IgE values between ex- and nonsmokers.
Passive smoking and occupational exposure were significantly related to increased
IgE values.

Our results confirm that in a general population sample immunoglobulin E con-
centrations are related not only to skin-prick test reactivity to common aeroallergens,
but also to other risk factors for chronic obstructive lung diseases, such as sex, active/
passive smoking and occupational exposure.
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longitudinal epidemiological survey on the natural history
of chronic obstructive lung diseases [21]. The first study
(n=3,285, 8–64 yrs) was performed in 1980–1982. The
second survey (n=2,841, 8–73 yrs) was carried out 6–9 yrs
later (1988–1991). An interviewer-administered question-
naire on respiratory symptoms, diseases and risk factors,
was used in both studies along with lung function tests
[22]. Skin-prick test and total serum IgE levels were only
evaluated in the second survey.

A total of 1,946 subjects (68.5% of 2,841), 938 males
and 1,008 females, gave their agreement to undergo ven-
ous blood withdrawal for the determination of total serum
IgE levels. The causes of the incomplete participation were:
refusal of consent (e.g. for fear of venipuncture) (n= 590),
technical reasons (lack of codification or loss of tubes)
(n= 189), unsuccessful puncture (n=116). No difference
was observed between subjects with and without venous
blood withdrawal with regard to sex, respiratory symptoms/
diag-noses, asthma and passive smoking exposure. On the
contrary, subjects with IgE determination were older (39.5
versus 34.2 yrs) and showed a higher prevalence of ex-
and current smokers (29.4 versus 24.1%), occupational ex-
posure (30.7 versus 20.4%), and skin-prick test positivity
(40.3 versus 35.5%).

The total serum IgE determination (kU·L-1) was per-
formed by direct paper radioimmunosorbent test (PRIST;
Pharmacia Diagnostics Aktiebolag, Uppsala, Sweden).
Each determination was performed in duplicate and the
average of the two values of each sample was recorded.
When the coefficient of variation between the two measure-
ments was greater than 10%, the determination was
repeated. This me-thod has a detection limit of about 0.1
kU·L-1.

A total of 2,649 subjects underwent skin-prick test to 12
common local aeroallergens (Pharmaceutical Laboratory
LOFARMA S.r.l., Milan, Italy): pollens (graminaceae
mix, compositae mix, parietaria officinalis, olea); house-
dust mites (Dermatophagoides pteronyssinus, D. farinae);
animal danders (dog, cat, horse, cow epithelium); moulds
(Aspergillus fumigatus and Alternaria tenuis). In addition,
a negative control containing a saline solution with 50%
glycerol and 0.4% phenol, and a positive control with his-
tamine 1% (10 mg·mL-1) were used. The potency of ex-
tracts was determined [23]. Skin tests were done by pricking
the skin with a gamma ray sterilized blood lancet (SHS AB,
Göteborg, Sweden) passed through a drop of test solution
placed on the volar surface of the forearm. For the statisti-
cal analysis a skin-prick test index (ST) was computed by
summing up the minimum (min) and maximum (max)
diameters of the wheal for each allergen (A) as follows:

ST=sum [(minA1 + maxA1) - (min neg.control + max neg.
control)] + [(minA2 + maxA2) - (min neg.control + max
neg.control)] +....+ [(minA12 + maxA12) - (min neg.control +
max neg.control)]/12

where neg=negative. Each subject was classified as skin-
prick test positive (ST+) if he/she had an ST greater than
0, or skin-prick test negative (ST-) if he/she had an ST
equal or lower than 0. Skin-prick test positive reactions
were classified accordingly: pollens (olea, graminaceae mix,
compositae mix, parietaria officinalis); house-dust mites
(D. pteronyssinus, D. farinae); moulds (A. fumigatus,

Alternaria tenuis); and animal danders (cat, horse, dog,
cow epithelium) [24].

For each subject, information on sex, age, active and
passive smoking, and work exposure were obtained by the
standardized interviewer-administered questionnaire, dev-
eloped by the National Research Council (CNR), follow-
ing that of National Heart Lung and Blood Institute (NBHLI)
[22]. Nonsmokers were defined as those who never smok-
ed cigarettes. Smokers were: regular (those who were curr-
ently smoking at least one cigarette daily); occasional (those
who were currently smoking less than one cigarette daily);
and exsmokers (those who had smoked regularly or occa-
sionally until 6 months or more before the examination).
The dose-response relationship between IgE and cigarette
consumption was evaluated only in regular smokers.
Pack-years were computed as:

number of cigarettes·day-1 × number of years of smoking

             20                              

Current passive smoking exposure was assessed on the
basis of the question: "Are you usually exposed to passive
cigarette smoking?" Subjects were considered occupation-
ally exposed if they reported exposure to dusts, chemicals
or gases at work [25].

The analyses of the current paper refer to 1,905 subjects
with both serum IgE level determination and skin-prick
test reaction.

Statistical analyses (multifactorial and one-way ana-
lysis of variance (ANOVA), simple linear regression and
multiple stepwise linear regression, Kolmogorov-Smirnov
nonparametric test for normality, Chi-squared) were per-
formed using the 4.1 release of the Statistical Package for
the Social Sciences (SPSS-X), running on an IBM ES9021
mainframe at the Italian North-East Inter-University Com-
puter Center, Casalecchio di Reno, Bologna (C.I.N.E.C.
A.). As IgE was significantly nonnormal (Kolmogorov-
Smirnov test; p<0.001) statistical analyses were carried
out using log10 IgE values. The IgE mean levels were
reported as geometric means. The limit for statistical sig-
nificance was set at a p-value of less than or equal to 0.05.

Results

There was no difference in sex with regard to mean age
and skin-prick positivity. Significantly greater prevalence
rates of current and exsmokers, passive smoking and work
exposure were found in males, compared to females (table
1). With regard to current smokers, range of pack-years
was 0.3–71.5 in males and 0.1–55.5 in females. Signifi-
cantly higher mean values of pack-years and number of
daily smoked cigarettes were found in males, compared to
females.

Total serum IgE ranged from 0.2 kU·L-1 to 3,532 kU·L-1.
The median and the 95th percentile values were 38 and
391 kU·L-1, respectively. A total of 20.2% of the whole
sample showed IgE concentration over 120 kU·L-1 and
11.5% over 200 kU·L-1.

A six-way ANOVA taking into account sex, age groups,
skin prick test reactivity, smoking habit, passive smoking
and occupational exposure as independent variables and to-
tal serum IgE level as a dependent variable was performed
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in subjects >14 yrs of age (table 2), since occupational
exposure and active smoking were not present in those 8–
14 yrs of age. Adjusted mean values of IgE were signifi-
cantly higher in males than in females, as well as in ST+
than in ST- subjects, in current smokers than in non- and
exsmokers, and in those with passive smoking or occupa-
tional exposure than in unexposed subjects. As regards
age group, there was no significant influence on IgE level;
its presentation is only to point out that the highest mean
IgE value was shown by those aged 15–24 yrs. A multiple
regression model confirmed the significant association of
log10 IgE values with: ST (r2=0.052); sex (r2=0.095); cur-
rent smoking (r2=0.110); occupational exposure (r2=0.113);
and passive smoking (r2=0.116).

By ANOVA on those aged 8–14 yrs, after adjusting for
age and ST, there was no significant difference in IgE lev-
els by sex (adjusted mean IgE values: males=58, females
=71).

A cross-sectional description of IgE and ST, stratified
by age is illustrated in figure 1. Higher mean IgE values
were shown in ST+ compared to ST- subjects, regardless
of sex and age. The highest values were shown in ST+
subjects, in those 15–24 and 65–73 yrs of age in males,
and in those 8–14 and 15–24 yrs of age in females. The
lowest values were shown in ST- subjects in those 35–44
and 55–64 yrs of age in males, and in those 45–54 and 65–
73 yrs of age in females.

The mean IgE concentration with respect to smoking
habit and ST in the adult sample (>14 yrs) is illustrated in
figure 2. In both sexes, higher IgE values were shown by
current smokers, with respect to ex- and nonsmokers, in
ST+ and ST- subjects. The highest values were exhibited by
those who were both current smokers and ST+ subjects.

Table 1.  –  Characteristics of the whole sample

Whole sample Males
(n=915)

Females
(n=990)

p-value

Age  yrs
Nonsmokers  %
Exsmokers  %
Smokers  %
Smoking duration†  yrs
Pack-years†

Cigarettes·day-1†

ST+  %
Passive smoking  %
Occupational exposure  %

39±16
27
36
37

23±14
18±14
17±10

41
63
43

39±16
    58

18
24

19±13
9±8

10±7
40
52
20

0.797*

<0.001+

<0.001*
<0.001*
<0.001*

0.771+

<0.001+

<0.001+

Values are presented as mean±SD. †: measured in smokers only.
ST+: skin-prick test index positive subjects. Statistical signifi-
cance of observed differences between sexes was measured by
*: analysis of variance (ANOVA) and; +: Chi-squared test, and is
set at a limit of pð0.05.

Table 2.  –  Adjusted mean values of total serum immuno-
globulin E in subjects >14 yrs of age

Subjects

n

Adjusted mean 
values
kU·L-1

p-value*

Sex
Males
Females

Age groups
15–24
25–34
35–44
45–54
55–64
>64

Prick test
ST+
ST-

Smoking habit
Smokers
Non-/exsmokers

Passive smoking
Yes
No

Occupational
exposure

Yes
No

873
943

336
397
337
329
275
142

728
1088

575
1241

1045
771

588
1228

48
30

43
36
33
38
36
37

55
28

47
33

39
35

43
35

<0.001

0.374

<0.001

<0.001

0.045

0.008

ST+: skin-prick test index positive subjects; ST-: skin-prick test
index negative subjects; *: statistical significance is derived
from a six-way analysis of variance (ANOVA) and is set at a
limit of pð0.05. 

M
ea

n 
im

m
un

og
lo

bu
lin

 E
  k

U
·L

-1

150

100

  50

    0
8–14 15–24 25–34 35–44 45–54 55–64 65–73

Age groups  yrs
Fig. 1.  –  Mean total serum log10 immunoglobulin E by sex and skin-
prick test, in different age groups of the whole sample (n=1,905).       :
skin-prick test index positive (ST+) males (n=372);         : ST+ females
(n=396);          : skin-prick test index negative (ST-) males (n=543);        :
ST- females (n=594).
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Fig. 2.  –  Mean total serum log10 immunoglobulin E, adjusted for age
with respect to smoking in skin-prick test index positive (ST+) males
(n=350), ST+ females (n=380), skin-prick test index negative (ST-)
males (n=525) and ST- females (n=571) >14 yrs of age.       : current
smokers (n=580);          : exsmokers (n=505);        : nonsmokers (n=741).
Statistical significance is derived from an analysis of variance (ANOVA)
and is set at a limit of pð0.05.
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In smokers, the ANOVA of IgE with skin-prick test re-
activity, number of cigarettes·day-1 and years of smoking
as independent variables, showed a significant interaction
between skin-prick test reactivity and number of smoked
cigarettes in males only (p=0.029). Multiple regression
models with log10 IgE values as a dependent variable and
years of smoking, number of smoked cigarettes·day-1, age
and ST as independent factors, significant relationships bet-
ween IgE values with ST in both sexes (males; n=329,
r=0.235, p<0.001, females; n=206, r=0.248, p<0.001) and
between number of smoked cigarettes·day-1 in males only
were found (n=329, r=0.262, p=0.033).

The relationship between IgE and passive smoking
exposure was also assessed in nonsmokers, after adjusting
for sex, age and ST, by ANOVA. A borderline interaction
(p=0.055) was found between current passive smoking
exposure and ST.

When groups of specific skin-prick test positive reac-
tions were taken into account, a significant positive rela-
tionship between pollens and house-dust mites with IgE
was found by multiple regression analysis, after adjusting
for sex, active and passive smoking and occupational ex-
posure (table. 3).

Discussion

We have shown in a general population sample living in
North Italy that total serum IgE levels are significantly
higher in men, in ST+ subjects, in active and in passive
smokers, and in those exposed to dusts, chemicals or gas-
es at work. As regard skin-prick tests, positive reactions to
pollens and house-dust mites were significantly related to
IgE.

Our data from a general population sample of adult res-
idents in the Po Delta rural area show that total IgE values
are log-normal distributed, and males have significantly
greater total serum IgE concentrations than females, in-
dependent of skin reactivity. This finding confirms obser-
vations made in Tucson, USA [5] and in Greece [19],
whereas it is in contrast with other studies [4, 20, 26]. Re-
cently, JARVIS et al. [8] have found, in a stratified random
sample of 20–44 yr old subjects living in East Anglia,
that, among nonsmokers, geometric mean total IgE was
higher in males than females. The difference in total
serum IgE between sexes was not found in children-ado-
lescents, as in other studies [7, 11, 27]. In this age group

of totally nonsmoking subjects, the exposure to environ-
mental factors is likely to be the same in males and
females.

With regard to age, CLINE et al. [5] reported that the high-
est IgE levels were shown in the age group 8–14 yrs of
age. JENSEN et al. [12], in a selected nonatopic adult non-
smoking population (45.7±13.11 yrs of age), and JARVIS et
al. [8], in a general population adult sample (20–44 yrs of
age), showed that IgE levels were independent of age.
HOLFORD-STREVENS et al. [20] reported higher IgE values in
younger adults than in older adults in ST+ subjects, but
not in ST- subjects and in "normal" subjects. In our sam-
ple the highest IgE levels were found in the youngest sub-
jects (females: 8–14 yrs of age, males; 15–24 yrs of age);
the lowest values were found in adults >45 yrs of age, with
the exception of ST+ males 65–73 yrs of age, of which
there were only 21 subjects.

Sex and age variations in IgE responses may be the
result of a combination of three mechanisms: genetic, hor-
monal, and environmental. In umbilical cord blood, main-
ly genetic factors could play a determinant role, leading to
higher IgE values in male than in female infants [17, 28].
In children/adolescents a hormonal mechanism might lead
to elevated IgE levels in females [29]. Finally, in adults, a
higher exposure to environmental factors in males than in
females might be determinant for the sex-IgE relationship:
e.g., OMENAAS et al. [3] have reported that males have a sig-
nificantly higher prevalence of specific IgE antibodies
against house-dust mite and cat than women. Besides ac-
tive smoking, in our adult population samples men had a
greater prevalence of occupational or current passive smok-
ing exposure than women. However, taking into account
both occupational and current passive smoking exposure,
the relationship between male sex and IgE remained.
Therefore, other mechanisms should be responsible for the
gender-related difference. After 45 yrs, a hormonal mech-
anism might influence a decrease in IgE in females due to
the menopause. Indeed, only specific longitudinal and ex-
perimental data may contribute to prove this hypothesis.

Moreover, our results confirmed that the relationship
between IgE level and skin-prick test reactivity was ex-
tremely consistent [5]. In particular, we evaluated skin-
prick test positivity by a reading threshold of at least 1 mm
[7]. The relationship was documented considering both ST
as a dichotomous variable (table 2) and as a continuous
variable in a linear regression analysis (Pearson r=0.293,
p<0.001). However, a considerable overlap between IgE
levels exists in atopic and nonatopic individuals, as is
shown by the frequency distribution analysis of our val-
ues, e.g. geometric mean and 95% confidence intervals
were: 29 kU·L-1 and 2.10–395 kU·L-1 for ST-, 55 kU·L-1

and 3.2–944 kU·L-1 for ST+. In addition, total serum IgE
and skin-prick test reactivity showed different patterns of
associations with sex, age and smoking [5, 19, 24]. Fur-
thermore, we found that the relationship between total
serum IgE levels and skin-prick test positive reactions var-
ies with the specific categories of allergens: it is signifi-
cant for house-dust mites and pollens, whilst it is not
significant for moulds and animal danders. Therefore, both
biomarkers of atopy should be used in epidemiological
studies [30].

Similar to other authors, we found that cigarette smok-
ing was associated with elevated total serum IgE levels [1,
3]. The relationship was independent of sex, age, and ST.

Table 3.  –  Multiple regression analysis of total serum im-
munoglobulin E (kU·L-1) and specific skin-prick test index
positive reactions, adjusting for sex, smoking habit, pas-
sive smoking and occupational exposure, in subjects >14
yrs of age (n=1816)

r SEM p-value

Constant
Independent variables

Pollens
House-dust mites
Sex
Smoking habit
Passive smoking
Occupational exposure

1.2333

0.1647
0.3245
0.2111
0.1501
0.0712
0.0839

0.0334
0.0347
0.0283
0.0295
0.0276
0.0298

<0.001
<0.001
<0.001
<0.001
=0.010
=0.005

Sex: men = 1, women = 0. Statistical significance was set a
limit of pð0.05.
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We have also documented a dose-response relationship
between IgE and cigarette consumption. This finding was
shown only in males, who had a higher mean daily ciga-
rette consumption than females (+62%). The relationship
between IgE and dose of smoking was also recently shown
in both sexes, especially in males, by a longitudinal study
[13]. In a recent review, a double action of smoking on
IgE concentrations was hypothesized [14]. An indirect
action may lead to a greater likelihood of developing hy-
persensitivity reactions to airborne allergens. In fact, smoke
increases bronchial mucosa permeability and thus allergen
penetration in the respiratory mucosa may be facilitated
and enhanced [2]. A direct action on cellular regulation of
IgE production is also possible [14, 31]: e.g., smoke can
alter the function of antigen processing cells or of T-lym-
phocytes [32, 33].

We have shown that the relationship between smoking
habit and IgE is linked only to current inhalation of ciga-
rettes: in fact, there was no difference between ex- and non-
smokers [1, 3]. TOLLERUD et al. [31] found a similar effect on
circulating immune cells, too.

We have also found a significant association of passive
smoking with mean IgE values (table 2). When the analy-
ses were restricted to nonsmokers there was a borderline
interaction of passive smoking and skin-prick test reactiv-
ity on IgE levels. The biological plausibility of this effect
is similar to that mentioned for active smoking. Most
data in the literature concern foetal or child-adolescent
populations exposed to parental smoking and they show
controversial results: while some authors did not find an
association between IgE levels and passive smoking [17,
18], the majority did find such an association [15, 16, 34].
Therefore, further studies are needed, especially in adults
and possibly with confirmation of self-reported passive
smoking exposure by objective methods (e.g. cotinine con-
centration), in order to consider the elevation of IgE levels
as an established adverse effect of involuntary smoking
[35].

Lastly, we have observed a significant association bet-
ween IgE level and occupational exposure, after adjusting
for sex, age, skin-prick test reactivity and smoking hab-
it. This observation is in agreement with the findings of
OMENAAS et al. [3] and SHIRAKAWA et al. [6]. In addition, it is
important to note that other authors evidenced that smok-
ing habit increased the risk of sensitization to occupa-
tional antigens [36, 37].

In conclusion, our results confirm that total serum im-
munoglobulin E distribution is influenced by both host
(e.g. sex, atopy) and environmental factors (e.g. passive or
active cigarette smoking and work exposure). A clinical
message from this epidemiological study is the suggestion
to investigate passive smoking and occupational history,
when interpreting immunoglobulin E values.
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