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Total and specific serum IgE levels in adults:
relationship to sex, age and environmental factors

E. OMENAAS, P. BAKKE, S. ELSAYED*, R. HANOA and A. GULSVIK

Deparfnieni of Thoracic Medicine and * Allergy Research Group, Department of Clinical Biology,
Division of Biochemistry, University of Bergen, Norway

Summary

We studied total and specific serum IgE levels cross-seclionally, potential predictors of
obstructive lung disease, in a stratified random sample of 18-73-year-oId adults
{n= 1512). The attendance rate was 84%, The total IgE level and prevalences of specific
IgE antibodies against house dust mite and cat were higher for men than for women.
Specific IgE levels decreased by increasing age., while total IgE decreased in women only.
Smokers had a higher IgE level than non-smokers, while non-smokers had more often
specific IgE antibodies against timothy and birch than smokers. Subjects with
occupational dust or gas exposure had a higher total IgE level than unexposed. The
general population prevalences were for specific IgE antibodies against timothy 4-5%,
house dust mite 3-2"/i,. birch 2-6%. cat dander 1-6% mould 0-2'^. and against any ofthese
7-()"/i>. In a multivariate analysis age, occupational dust or gas exposure as well as the
interaction terms between sex and age and between smoking and pack-years were
independent predictors for total IgE levels. Male sex., young age, never having smoked
and the season ofthe year were independent predictors for having one or more of ihc live
specific IgE antibodies. Subjects with total serum IgE in the highest quintile (>66 kU/1)
had an adjusted odds ratio of 37 (95'X> confidence interval: 11-120) for having one or
more ofthe specific IgE antibodies examined, compared with those in the lowest quintile
(< 5 kU/1). Demographic and environmental factors were thus predictors of total and
specific IgE levels in this adult community. These factors should be taken into account
when examining relationships between IgE levels., markers of allergy and inflammation,
and airways disease.
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Introduction

High levels of total serum IgE in humans have been
associated with wheeze [1,2], hay fever [1.31. dermatitis [4]
and asthma [5,6.7]. Total serum IgE levels are suggested
to be dominantly inherited [8]., however, this has not been
confirmed [9]. Some studies in adults have found IgE
levels lo be infiuenccd by sex [4,5,10], age [4,10], race [4,7]
and environmental exposures such as tobacco smoke
[11,12], allergens [12] and occupational exposure [13].
However, most ofthese determinants remain controver-
sial and it is unknown whether occupational dust or gas
exposure, area of residence or educational level can
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explain any variation in total serum IgE levels in a general
adult population. In selective populations specific IgE
levels have been related to age [14,15], current smoking
and occupational exposure [16-18]. However, ihe rela-
tionships between specific IgE antibodies and sex, en-
vironmental factors, as well as total serum IgE levels have
not been reported for a wide adult age range of a
European community.

As part of a cross-sectional community study in
Norwegian adults [19,20] examining risk factors for
obstructive lung disease we wanted to estimate levels of
total IgE and prevalences ofsome specific IgE antibodies
in a general population. Furthermore, we wanted to
examine the association between levels of total TgE and
prevalences of specific IgE antibodies on the one hand
and sex, age, smoking habits, season, area of residence..
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occupational dust or gas exposure and educational level
on the other. Finally, we wanted to examine the inter-
relationship between total and specific IgE levels.

Materials and methods

Study design

The survey was a two-phased cross-sectional study
performed in the city of Bergen and 11 surrounding
municipalities in the county of Hordaland on the south-
west coast of Norway. As a( 1 January 1985 lhe target
population contained 298 110 inhabitants, of whom
205 478 were between 15 and 70 years of age. A random
sample of 3740 persons in this age group was sent a postal
questionnaire in 1985 and a total of 3370 persons (90%)
responded.

The responders were categorized into four groups
according to information from the postal questionnaire.
Subjects who had ever been treated by a practitioner or
were admitted to hospital due to asthma or emphysema
were classified as having a physician's diagnosis of asthma
or emphysema, and formed one group (/;= 127). Subjects
without a physician's diagnosis of asthma or emphysema
who had ever been exposed at work to asbestos dust,
quartz dust or stoiie dust wilh quartz, constituted the
second group (n = 244). The third group consisted of
subjects who were non-smokers without respiratory
symptoms, disease or occupational dust or gas exposure
(«:^737). The fourth group was made up of lhe remaining
responders (n = 2262) not included in (he three previous
groups. Sub-samples were drawn from groups 1 to 3
collectively with a 0 9! fraction, while the sub-sample
from group 4 was drawn with a 0-22 fraction using a
random number generator [21]. The multifractional
stratified random sampling design of this study served the
purpose to examine large numbers of subjects with
particular characteristics, for example asymptomatic
non-smokers for reference values of lung function [22].
Thus, a total of 1512 subjects aged between 18 and 73
years were invited to a lung health examination between
April 1987 and August 1988. Of the 1275 subjects who
met (84%) only seven refused blood sampling. Subjects
were invited randomly with those born on the first day in
every month being examined first, thereafter those born
on the second day and so forth.

Smoking habit

Non-smokers were subjects who reported never having
smoked daily. Ex-smokers were subjects who had smoked
daily and given up. Smokers were those who smoked daily
at the time ofthe study. Amount of lifetime smoking was
assessed as pack-years. This was arrived at by using the

duration of smoking in years multipled by the number of
cigarettes smoked per day and divided by 20. In order to
validate the answers on smoking habit carboxyhaemoglo-
bin was measured IVom a venous blood sample with an
0SM3 Hemoximeter, Radiometer, Denmark [23]. A self-
administered questionnaire filled in within I h prior to the
blood sample classified 35'%> ofthe women and 42'X) ofthe
men as smokers. The carboxyhaemoglobin measure-
ments indicated that 39"/o ofthe women and 4?i% ofthe
men were smokers when using a cut-olTlevel of ^ 1-7%.

Airborne occupational dtisl or gas expostire

The examinalion iiicludLxl complelion of a questionnaire
on all jobs held lasting more than d months since leaving
school. For each job the occupational title was recorded.
They were coded according to the three digit numbers of
the Nordic Classifieation of Occupations whieh follows
the recommendations of the International Standard
Classification of Oeeupations [24]. The occupational
titles were allocated inlo those with and those without
antieipated airborne exposure according to the assess-
ment of each oecupalion by an expert team. The term
"airborne exposure" included dusts, fumes, mists and
gases [25]. The last held occupational title was used in this
analysis giving 383 subjects wilh and 885 subjects withoul
exposure.

Area of residence

The urban population in Bergen was divided into two:
subjects living in the city area which was more densely
populated and more prone to traffic congestion (n= 199)
and those living in lhe suburban area (/i —660) which
partly included agricultural areas and was less densely
populated and there was less irafTic. The rural population
{/( = 409) consisted of people living in il municipalities
surrounding Bergen. The levels of nitrogen oxides were
above the lower limit of 100 /(g/m' for 21'̂ > of the
inhabitants in Ihc city area, while the air in the suburban
and the rural areas did not exeeed this lower limit [26].
The levels of sulphur dioxide and bUtek smoke did not
surpass 100 j.i'gjm' in eilher area.

Season

The pollen season for birch is May. for timothy from .lunc
to July and for mould from late June to Augusi [27].
Mould and house dtist mite are indoor allergens which
exist throughout the year due to the mild and wet climate
[28]. In the winter months from October through to
March 505 subjects with blood samples were examined,
while 763 subjects were examined in the summer months
from April through to September.
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Educational level

A self-administered questionnaire allowed us to categor-
ize the subjects into the following educational levels:
pritnary school, secondary school and university. Pri-
mary .school level (/7 = 240) included former elementary
school, present 9-year compulsory elementary sehooi,
people's college and bible school. Secondary school level
(/; —788) incitided former middle school or lower second-
ary school, uppersecondary sehooi and any vocational or
technical school. The university level (/7 = 240) included
all education alter and based on upper secondary school
level.

Blood sampling

The blood samples were taken from Monday through to
Friday between 08.00 hours and 16.00 hours. The samples
were drawn from the cubital vein with the subject sitting
in a chair. Four millilitres of blood were collected in a
sterile vaeutainer (Beclon Dickenson) without any preser-
vative or anticoagulant. The blood was clotted in the tube
at room temperature. The serum {approximately 2 ml)
was decanted, and if there was macroscopic sign of red
blood cells in it, they were removed by centrifugation.
Every afternoon the serum samples were brought to the
laboratory und kept in a refrigerator at 4 C. The samples
were analysed within 3 days.

Total serum IgE concentration was measured by a
double antibody radioimmunoassay in duplicates, with
reference sera in three levels, u.sing paper discs as the solid
phase (IgE RIA, Pharmacia, Sweden). The within-assay
cocffieient of variation in our study was 4% at 100 kU/1
IgE and ihebetween-assayeocfFicienl of variation was 7'>n
at the same level.

The specific IgE levels for house dust mite (Dermato-
phagoides farinae), timolhy, birch, eat and mould (Clado-
sporiiim herbarut}i) were analysed in single samples by a
radioallergosorbent test (Phadebas RAST, Pharmacia.
Sweden). The results were classified in Phadebas RAST
elasses [29]. Pi"evalences were estimated on the presence of
Phiidebas RAST class 2 or higher (^0-35 Phadebas
RAST units/ml).

Slutisiical analyses

The observed levels of tola! serum IgE and prevalence.s of
specific IgE were standardized for the dilTerent sampling
fractions of the sub-samples and were hence made
representative ofthe general population of Bergen and 11
surrounding municipalities [30]. All the statistical analy-
ses and values in sub-sets of the population used log IgE
values. Differences in prevalence rates were tested by chi-
square technique. Analysis for linear trend was per-

formed by a bi-variate regression analysis with weighted
least square technique, using weights equal to the inverses
of the variances.

A backwards, stepwise multiple linear regression
aniilysis was performed to assess predictors of log IgE
levels. A backwards, stepwise logistic regression analysis
was used to examine lhe relalivc imporlancc of polcntial
risk factors for specific IgE levels and for examining the
interrelationship between quintiles of total IgE and
specific IgE antibodies. Sex, age, smoking, occupational
dust or gas exposure, sub-sample, area of residence.
season and educational level as well as all first order
interactions were included in the starting model for both
analyses, In the multivariate analysis season was scored as
u trend variable with six levels going from the winter
months December/January [I] to the summer months
June/July [6]. Subjects with no present occupational title
(students, honicmakers, disLibled or retired subjects, etc.)
were included in the non-exposure group when analysing
multivariate relationships.

All multivariate analyses were performed with sub-
samples (sub-samples 1-3 vs sub-sample 4) as an indepen-
dent variable, however, removing this Independent vari-
able did noL infiuence the fmal results signifieaiUly. Tlie
multivariate analyses were performed with the BMDP
package [21] and a significance leve! of/^^0-05 was used
for all the analyses as well as Ibr inclusion of interaction
lerms into the fina! model.

Results

Total serum IgE

The distribution of IgE values was positively skewed with
50. 90, 97-5 percentiles of 17 kU/1, ! 37 kU/I and 563 kU/1
respeetively. The 20,40,60 and 80 percentiles were 5 kU/!,
12kU/l27kU/land66kU/l .

The populaiion adjusted log TgE value (Table 1) was
higlier for men than for women (/'=0-03). There was no
sex difference in the age group 18-54 years, while men
above 55 years had higher IgE levels than women
(/'<0'0!). This difference appeared to be present in non-
smokers as well as in smokers. The IgE values in women
decreased by increasing age (test for trend: /*<0OI).
more pronounced in non-smoking than in smoking
women (Fig. 1). Smokers had a higher (P = 0-01) TgE level
(log IgE 1-26 kU/l; SEM: O'O4) than non-smokers (log IgE
113 kU/I; SEM; 0-04). Male smokers above 55 years tended
to have the hig!iest IgE ievc! (Fig. 1). A dose response
relationship between smoking categories (test for trend:
P = 00\)oT between number of cigarettes smoked per day
(test for trend: P=^ 0-04) on the one hand and IgE levels on
the other was observed in women only.

IgE levels in subjects examined during the summer
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Tabie 1. Total serum IgE levels in relation lo sex, age iind îinoking liahil in a Noi-wegiaii general
populalion aged 18-73 years

Age (years)
18-34
35-54
55-73

Smoking habit
Non-smokers
Ex-smokers
Smokers

Total

Men (H

Mean log IgE (SEM)
(kU/1)

1'19 (0-05)
1-25(0-06)
1-32(0-06)

1-25 (0-05)
M l (0-06)
]-34(0'06)

1-25(0-03)

^ 6 5 0 ,

Geometric mean
(kU/1)

15-5
17-8
20-9

17 8
12-9
219

17-8

Women

Mean log IgE (SI;M)
(kU/l)

l-23(O'O6)
1-18 (0'05)
1-00(0-06)

1-13(0-03)
MS (0-05)
1-26 (0 04)

1-14(0-03)

(n = 618)

Geometric mean
(kU/l)

170
15-1
10-.0

13-5
15 1
18-2

13-8

months from April throtigh to September tended to be
higher than in those examined in the winter months from
Oetober through to March (P —0-06). This winter/sum-
mer difference appeared to be present independent of sex,
age and smoking habit. Subjects with occtipational
cxpostire lo dust or gas had a higher (/^<O-OI) IgE level
(log IgE 1 -29 kU/l; SRM: O'O4) than those not exposed (log
IgE i -! 5 kU/1; SEM: 004). Levels of total IgE did not dilTer
significantly between stibjects by area of residence or
educational level.

Specific IgE

The prevalences ofthe specific IgE antibodies increased in
the population with decreasing Phadebas RAST classes
(Fig. 2). The rank of order for al! specific IgE antibodies
was the same in different Phadebas RAST classes. The
overall population estimated prevalences (Phadebas
RAST classes 2, 3 and 4) were for house dust mite 3-2'M)
(SEM: 0-6%). timothy 4-5% (SEM: 0-7%). birch 2-6% (sr-M:
0-5%), cat 1-6 % (SFM: 0-4%) and mould 0-2% (SFM:
0-]%). The prevalence of subjects with one or more
specific IgE antibodies against five common allergens was
7-6% (SEM: 0-9%). Altogether 4-4%, 3-1 %, 1 -9% and 0-3%
of this population had two. three., four or five specific IgE
antibodies, respectively.

Men had significantly higher prevalences for antibodies
against house dust mite {P < 0-01) and cat {P< 0-05) than
women (Table 2). The prevalence of subjects with specific
IgE antibodies against house dust mite (/'<O-OI).
timothy (;^<0-0!), birch (P< 0-01) and cat (P<0-05) fell
by increasing age. The prevalences in the youngest (18-34
years) compared with the oldest age group (55-73 years)

were 61. 15,4 and 4 limes higher for timothy, birch, house
dust mite and cat, respectively (Table 2). Non-smokers
had approximately a three times higher prevalence for
timothy (P<O-Ol) and birch (P<0-05) than smokers.
while the other allergens did not vary significantly
between smoking categories.

During the summer months the prevalence of one or
more specific IgE antibodies was higher (9-7%) than in the
winter months (5-^%) (P = 0-02). The antibodies against
birch und timothy were approximately yO'Mi higher in
summer than in winter, while the other allergens were
from 20-40'^, higher. The prevalence rates for house dust
mite and timothy were between 1-5 and 2'() times higher in
subjects living in the suburban and rural areas., respect-
ively, than in the city area, however. thedifTerence was not
significant. The prevalence rates of birch and nujuld
antibodiesdidnot vary by area of residence, while cat IgE
was four times higher in subjects living in the subtn'ban
area than subjects in the city area ( / '<0 05) as well as
those in the rural area, respectively (P = 0-06). Occupa-
tional dust or gas exposure and educational levei were not
associated with the prevalence of specific IgE antibodies.

Inter-rehtlionship between tolal atul specific IgE

When comparing the prevalences of one or more of the
examined specific IgE antibodies in the population
according to quintiles of total serum IgE, we found
approximately four and 13 times higher prevalences of
any o f the specific IgE antibodies in the fourth and (ifth
quintile. respectively, compared with any of the three
lower quintiles. The increase in prevalence of specific IgE
antibodies with increasing total IgE appeared more
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Fig. 1. Mean log total serum IgE {standard error) in three age
groups by sex and smoking habit in 18-73 year-old adults in
Bergen and 11 surrounding municipaiilies, Norway(/T= 1268);
(a) A A. Men. D n. Women; (b) Women: A A.
§mpkers. a D, Non-smokers, (c) Men: A A. Smokers.
•'C3n D. Non-smokers.

evidenl in non-smokers than in smokers. In younger than
in older siibjecls and in men compared wilh women
(Fig. 3),

Multivariate relationships

Age. occupational dust or gas exposure, as well as the
interaction terms between sex and age and between
smoking and pack-years were significant independent
variables included in lhe final regression model for log
IgE levels (Table 3).

Male sex was an independent predictor for the presence
of antibodies against house dust mite (Table 4). Being
aged between 35 and 54 years was an independent
predictor for lower prevalence of birch, while being over
55 years of age was an independent predictor for lower

3 2
Phadebos RAST dosses

Fig. 2. The aecumiilaled pereenlage with speeific IgE antibodies
in Phadebas RAST classes against (O) timothy, (D) house dusi
mile, (•) birch, (O) cat and (A) mould in the adult general
populaiion of Bergen and 11 surrounding municipalities, Nor-
way (/I =1268).

prevalences of birch as well as timothy, house dust mite
and cat antibodies. Current smoking was an independent
predictor for lower prevalences of birch and timothy
antibodies only. In a logistic regression analysis adjusting
for sex, age, smoking habit, sub-sample and a significant
interaction between sex and smoking liubit there was a
trend towards higher specific IgE levels in summer
compared with winter months (adjusted odds ratio (OR)
I I per month; 95% confidence interval (CI) 10-13).
This trend was observed for pollens and cat antibodies,
but not for house dust mites. The adjusted odds ratio for
men compared with women for having one or more ofthe
specific IgE antibodies was significanl in smokers
(adjusted OR 3-1; 95% CI: M-8'S), but not in non- and
ex-smokers. Current smoking was an independent predic-
tor for not having birch or timothy antibodies, as well as
for not having one or more of the five specific IgE
antibodies examined (adjusted OR 0 3; 95% CI: 0-1-0 9).
Occupational dust or gas exposure, area of residence or
educational level were not independent predictors for the
presence of one or more of the specific IgE antibodies
examined.

In the final logistic regression analysis subjects with
total serum IgE in the fourth (^27 kU/1) and fifth
quinliles (^ 66 kU/I) had an adjusted OR of 7 (95% CI 2-
23) and 37 (95% CI 11-120), respectively, for having at
least one of the speeific IgE antibodies examined when
eompared with subjects in the lowest quintile (< 5 kU/l).

Discussion | - '

We observed that total as well as speelfie IgE levels were
cross-seetionally related to sex and age as well as such
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Table 2. Estimated prevalence rates and standard errors of mean (SUM) in
smoking habit in an adult Norwegian general population

of five specific IgE antibodies by sex, age and

Timothy
Birch
House dusi mite
Cat
Mould

P values, chi-sauc

2

2
0

trr

Sex

Men
1 = 618)

•8 (0-7)
3(1-1)
-5 (0-7)
-3 (0-2)

lesl and

Women
(// - 650)

3-7 (0-9)
2-4 (0-7)
l-2t (0-5)
0-8* (0-4)

test for linear

18-34
(« = 474)

9-3(1-1)

4-7(1-1)
2-1 (0-7)
0-3 (0-2)

trend: *O'OI

Age (years)

35-54

3-0 (0-9)
2-3 (0-8)
3-4(1-1)
2-0 (0-9)
01 (0-1)

>/^<0-05.

55-73

0-2t (0-2)
0-3t (0-2)
l-2t(0-7)
0-5* (0-5)
0-2 (0-2)

t / '<0-01.

Non-smokers
(n=693)

4-5 (0-9)
3-5 (0-8)
1-3 (0-4)
04 (0'2)

Smoking habit

Ex-smokers

3-1 (1-4)
0-5 (0-2)
1-6(1-0)
1-8(1-0)
0-0 (0-0)

Smokers

2-6t (0-9)
1-8* (0-8)
3-9(1-2)
1-9(0-8)
0-1 (0-1)

environmental exposures as tobacco smoking. Further-
more, total serum IgE level was heightened in subjects
exposed to occupational dust or gas exposure compared
with unexposed subjects. We found no significant rela-
tionship between total or specific IgE levels and area of
residence, season, or educational level after adjustment
for other possible predictors, except for specific IgE
antibodies which were higher in summer than winter
months.

The 84% attendance rate to the clinical examination in
this study gave comparable attenders and non-attenders
with respect to sex and environmental exposures [20]. The
mean age of the attenders was higher than of non-
atlenders. However, a 100% attendance rale would only
have changed the mean age ofthe attenders from 42 years
to 41 years, presumably having minimal influence on our
results. Furthermore, the response rate to the postal
questionnaire was high [19] and only seven subjects
refused blood sampling, thus reducing a possible bias.

The methods for total IgE and specific IgE measure-
ment in this study are the most commonly used methods
for diagnostic and research purposes in northern Europe
[31]. The within- and between-assay coefficients of varia-
tion for total serum IgE in our study were comparable
with previous community surveys [10].

Classification of smoking habit in this survey was based
on information from a standardized questionnaire.
Furthermore, we have assessed smoking habit by a
carboxyhaemoglobin cut-off level of 1-7%, possibly over-
estimating the fraction of urban smokers since non-
smokers who are exposed to carbon monoxide from other
sources than tobacco smoke may be included. Flowever.
using this carboxyhaemoglobin based smoking classifica-
tion in the analyses of our data our conclusions remained
unaltered.

The geometric mean of total IgB in our population was
16 kU/1, which is in accordance with 17 kU/I found with

the same method in subjects attending a health check-up
programme in Sweden [16]. It is, however, lower than in
young adults in south Wales [5]. adults in Tucson,
Arizona [32]. in Italy [33] and in the Nelherlands [34]. This
may partly be due to differences in airborne allergen
exposure, in methods as well as in mean age of lhe
populations.

In healthy blood donors in Sweden [35] the prevalences
of birch and limolhy antibodies were at the same level as
in the present survey. In a farming population in Den-
mark [18] the prevalences ofspecific IgE for timothy,
birch and cat were more than 50% lower than in our
population, while house dust mite and mould were at
comparable levels. The mean age for this farming popula-
tion in Denmark was approximately 10 years higher than
for our population, which may partly explain our higher
prevalence figures.

We observed higher total IgE levels in elderly men
compared with women after taking age, smoking habit
and sub-sample into account, thus supporting earlier
studies [36]. The reason for this sex-dilVcrence has not
been satisfactorily explained. A hypothesis is that a higher
proportion of elderly men than elderly women has been
heavily or widely occupationally exposed while this is
more equally distributed in younger age categories, thus
representing a cohort effect. This sex difference persisted
independent of adjustment for dust or gas exposure in our
study. However, the exposure characterization in our
study may be too imprecise, especially concerning occu-
pational allergies. Furthermore, men in the present
survey had a higher adjusted odds ratio for having house
dust mile anlibodics than women. We have no explana-
tion for this observed difference. However, one may
speculate if women have a cleaner indoor environment
than men. Furthermore, this observation may be another
explanation for the sex-dilference in total IgE levels. A
sex-difference for specific IgE levels has previously been
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Fig. 3. Prevalence rales ofone or more specific IgE antibodies by
sex, age and smoking habit according lo quinliles oflota! serum
IgE in 18-73 year-old adults in Bergen and II surrounding
municipalities. Norway (; j^ 1268); (a) H. Women. El Men; (b)D.
18 34 years. D, 35-54 years, H. 55-73 years; (c) ®. Non-
smokers. D. Bx-smokers. 01 Smokers.

reported in skin-prick tests of adolescents and adults as
well as in RAST tests [37,38]. However, we observed no
significant sex dificrence for antibodies against birch and
timothy, which is in agreement with self-reported lifetime
prevalences of hay fever in Norwegian adults [39] and
school children [40].

We observed a fall in total IgE levels by increasing age
in non-smoking women. However., no significant age
trend was shown in non-smoking men, before or after
adjustment for other possible predictors in lhe final
regression model. A fall in IgE levels by increasing age in
women as well as in men has been found in previous
studies [10,33,34,36]. A lack of decline with age has been
shown in sttidies including only men [2.,4I] or in a non-

atopic population [42]. Steady IgE levels by increasing age
in men in the present study can be due to a cohort effect,
where older men were more heavily exposed lo tobacco
smoke and occupational exposure than younger men.
Furthcrmore., the adjustment for smoking and occupatio-
nal dust or gas exposure in the statistical analysis may be
incomplete.

The levels ofspecific IgE antibodies fell substantially
with increasing age in our study as reported for Bermuda
grass, a common aeroallergen in Tucson, Arizona, USA
[14]. Further support is provided of hay fever in the
present study populaiion by the decrease wilh increasing
age of self-reported life-time prevalence [39]. The decline
in specific IgE levels by increasing age was found in both
men and women, however, the total IgE levels showed a
decline only in the women of our study population. This
may indicate that factors other than specific IgE levels arc
important forthe total IgE levels. Occupational exposure
and/or current smoking may be such factors.

We observed that middle-aged and older smokers had
higher IgE levels than non-smokers in the same age
groups, which is in agreement with findings in Arizona,
USA [12]. Higher levels of serum IgE among smokers
than non-smokers have been reported in most studies
[11.16,33,34]. An explanation for higher IgE levels in
smokers than nou-smokers may be change in regulatory
mechanisms of the TgE synthesis [43] or increase of TgE
related to frequent infestation of their airways with
micro-organisms tliat induce specific IgE [44]. There has
been no evidence of specific IgE antibodies against
tobacco in smokers [45].

Intermediate levels of IgE in ex-smokers suggest a
cause-effect relationship between tobacco smoking and
IgE levels. This was only applicable lo the women in our
study. However, ex-smoking men tended to have IgE
levels similar to non-smoking men. while ex-smoking
women appeared to have IgE levels similar to smoking
women. On average, the women stopped smoking 2 years
prior to this study, however, the men had given up
smoking more than 5 years ago. This may explain these
differences, since it can take more than 8 years to show a
decline in IgE levels after stopping to smoke [46].
Furthermore, our carboxyhaemoglohin measurements
indicated that women tend to under-report current
smoking. A cause-effect relationship between current
tobacco smoking and IgE levels is further supported by
the observation that amount of lifetime smoking assessed
by pack-years was an independent predictor for total
serum IgE levels in smokers but nol in cx-smokers.

The increased prevalence of specific IgE antibodies
against pollen in non-smokers compared with smokers in
a general adult population has not been reported pre-
viously. Lifetime prevalence of self-reported hay fever in
the present study population has previously been found to
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Table 3. Linear regression coefficients (SKM) and /'-vaUiey lor independent variables included in ilic
final model when examining predictors oflog IgE levels (kU/l) in a stratified sample of adults living in
Bergen and i 1 surrounding municipalities. Norway {n= 12

Intercept

Independent variables included in lhe model (P < 0-05)
Age (years)
Occupational dusi or gas exposure
Sex* age

Pack-years* smoking habit
Pack-years* cx-smokcrs
Pack-years* .smokers

Regression coellicienls

1 -4549

-O'OOSI
0-0872
0 0061

0-0034
O'OOS 1

Sl-M

0-0016
0-0380
00026

0-0028
O'OO23

P-va!uc

<0-01
0-04
003

0-01
0-23

<0-01

Sex: men= 1. women = 0.

Table 4. Adjusted* odds ratios (95"'-l> confidence intervals) for having specific IgE antibodies by sex. age and smoking habit in
Norwegian adults

Sex Age Smoking hahil

Women Men 18-34 35-54
(n - 443)

55-73 Non-smokers Ex-smokers
(»-693) (/;

Smokers
(H = 350)

Bireh
Timothy
House dust mite
Cat
Mould

l'0(0'5-2-l)
h6(0'8-3-l)
2-9 (2-2-7-1)
2-0(0-6-6-9)
3-6 (0-3-36)

0-7 (0-3-1-3) 0-1 (0'0-0-5) I 0-2 (0-3-4-0) 0-4 (0-2-0-9)
04 (0-2--0'7) 01 (00-0-2) I 1-5(0-4-4-6) 0-3 (0-l-0'7)
0-7 (0-3-1-3) 0'2(0'1-0-6) I 0-5(0-2-1-6) 0-9 {0-4 1-9)
0-6(0-3-1-6) 0-1(0-0-07) 1 6-5(1-2-34) 0-6(0-1-2-7)
0-4 (0-1-4-4) 0-7 (0-1-7-4) 1 t 0-4 (0-0 98)

*Adjusted for sex. age, smoking, sub-sample and season oftiic year, respectively. tNo subjects observed in this category.

be inversely related to cigarette smoking [39]. Further-
more, skiti-test reactivity to Bermuda grass has been
observed to be lower in smokers than in non-smokers in a
general population [14]. A hypothesis often given is that
subjects with allergic sympioms and disease take up
smoking less frequently or quit more often than subjects
with no allergic symptoms and disease. However, this has
never been proven in a prospective study. Other explana-
tions for the lower levels of specific IgE antibodies in
smokers compared with non-smokers may be a delect
antigenic presentation to immunoeompetent cells in the
airways, as in other immunologically mediated lung
disorders or difference in exposure between smokers and
non-smokers. Impairment in macrophage eftector func-
tions, and reduction in T helper eells has been observed in
relation to T suppressor cells in heavy smokens giving
support to this hypothesis [47].

We found increasing adjusted odds ratios for having

one or more specific IgE antibodies with increasing level
of total FgE. This is in agreement with a positive
relationship between total IgE level, positive skin-prick
tests and specific IgE levels [48,49]. Furthermore, the
predictive value of having one or more specific IgE
antibodies given tolal IgE level in the highest quintile is
nearly double in men compared with women. In younger
than in older subjects and in non-smokers compared with
smokers. This has importanl practical implications for
screening. Our results indicate that screening for the five
specific IgE antibodies of adults in the present study
should only be carried out in subjects having a total IgE
level above the 60 percentile of the same population.

We found that non-smokers, ex-smokers and smokers
all tended to have higher levels of total scrum TgE in
summer than in winter, however, il was only marginally
significant in smokers (P^O-05). In the Tucson study an
increase in geometric mean total scrum IgE levels was
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observed only during spring for non-smokers [12]. How-
ever, when examining the relationship between the pres-
ence of specific IgE levels and season in a multivariate
analysis there was a significant trend towards higher levels
from winter to summer months.

The total IgE levels did not vary by area of residence.
However, prevalences ofspecific IgE antibodies tended to
be somewhat higher in subjects living in the suburban
area. Ihan in the city and lhe rural area, respectively. Only
cat antibodies were significantly (P < 0-05) more frequent
in subjects living in lhe suburban area than in the city
area. An explanation may be a higher allergen exposure,
poorer indoor air quality due lo lower rate of air renewal
in more recent and more well insulated buildings [50], as
well as a higher frequency of indoor pets in lhe suburban
than in the city and rural areas. However, after adjusting
for sex, age, smoking and sub-sample, living in a sub-
urban area was no significant independent predictor (OR
1-9; 95% c r 0-4-8-7) for cat antibodies.

Subjects with occupational dust or gas exposure had a
higher IgE level than those not exposed, independent of
sex, age and smoking habit. Even though our occupatio-
nal exposure characterization may be rough, this indi-
cates that there is a true association between occupational
dust or gas exposure and total IgE. Furthermore, the
results were similar in a logistic regression analysis when
excluding subjects (/] = 357) wilh no present occupational
title (disabled and retired subjects, elc.) in the non-
exposure group. However, we observed no relationship
between antibodies against common airborne allergens
and occupational dust or gas exposure. Whether the
observed associalion between total IgE and dust or gas
exposure reflects a non-allergic inflammatory response or
it reflects an allergic response due to exposure ofspecific
occupational allergens can not be highlighted further
from our study. However, it has previously been docu-
mented that some occupational allergens ean induce
specific IgE antibodies [16,17],

Sex, age and smoking habit were independent predic-
tors of total as well as specific serum IgE levels in this
cross-sectional survey of adults. The season when exam-
ination of the subjects was carried out was an independent
predictor for having one or more of the specific IgE
antibodies examined, as were occupational dust or gas
exposure for total IgE levels. These observations should
be taken into account when examining the relationship
between total and specific IgE antibodies as markers of
inflammation and allergy on the one hand and airways
disease on the other.

Acknowledgements

This work was supported by the Royal Norwegian
Council for Scientific and Industrial Research, lhe Nor-

wegian Research Council for Science and the Humanities
and the Norwegian Asthma and Allergy Associalion.

The authors wish to thank Geir Egil Eide and Valborg
Baste for their help with the statistical analysis, Dr Tor
Norseth and Niri Orlien who allocated the occupations
into exposure categories together with Dr Rolf Hanoa.
Bjerg Meidell and Lene Svendsen gave excellent technical
assistance during the survey.

References

1 Barbce RA, Halonen M, Kaltenborn WT. Burrows B. A
lorigiludinal sludy of respiratory symptoms in a community
populaiion sample. Correlaiions wilh smoking, allergen
skin-lest reaclivily, and serum IgE, Chest 1991; 99:20-6,

2 Tolleriid DJ. O Connor GT. Sparrow D.Weiss ST. Asthma,
hay fever, and phlegm produetion assoeiated wilh distinct
patterns of allergy skin test reactivity, eosinophilia and
serum IgE levels. Am Rev Respir Dis 1991; 144:776-81.

3 Warren CPW, Hoirord-Slrcvens V, Wong C. Manfreda .1.
The relationship between smoking and total immunoglobu-
lin E levels. J Allergy Clin Immunol 1982; 69:370-5.

4 Willig HJ. Belloit J. Fillippi ID, Royal G. Age-relaled .serum
immunoglobulin E levels in healthy subjects and in patients
with allergic disease. J Allergy Clin Immunol 1980; 66:305-
13.

5 Burr ML, Leger ASS, Bevan C, Merrelt TG. A eommunity
survey of asthmatic eharaeteristies. Thorax 1975; 30:663-8.

6 Burrows B, Martinez FD. llaloncn M, Barbee RA, Cline
MG, Assoeialion ofasllima with scrum IgE levels and skin-
test reactivity to allergens. N ting .i Med 1989; 320:271-7.

7 Grundbacher FJ, Massie FS. Levels of immunoglobulin G.
M. A, and E at various ages in aliergie and nonallergie black
and white individuals. J Allergy Clin imniuno] 1985; 75:651-
8.

8 Hopkin J. A genetic approach lo alopy. Eur Respir J 1990;
3:851 2.

9 Lympani P, Welsh KI, Cochranc GM, Kemeny DM, Lee
TH. Genetic analysis of lhe linkage between chromosome
llqand atopy. Clin Exp Allergy 1992; 22:1085-92,

10 Barbee RA, Halonen M, Lebowitz M. Burrows B, Distribu-
tion oflgE in aeommunily population sample: correlations
with age, sex, and allergen skin test reaetivity. J Allergy Clin
Immunol 1981;68:106-l 1.

I 1 Gerrard JW, Heiner DC. Ko CG et al. Immunoglobulin
levels in smokers and non-sinokers, Ann Allergy 1980:
44:261-2,

12 Burrows B, Halonen M. Barbee RA, Lebowilz MD. The
relationship of serum immunoglobulin E to cigarette smok-
ing. Am Rev Respir 1981; 124:523-5.

13 Shirakawa T, Morimolo K. Lifestyle efTecl on total IgE.
Allergy 1991 ;46:561-9,

14 Halonen M. Barbee RA, Lebowitz MD, Burrows B. An
epidemiologieal study of the interrelationships of total
serum immunoglobulin E, allergy skin-tesi reaelivity. and
eosinophilia. J Allergy Clin Immuno! 1982; 69:221-8,

15 Rawlc FC, Burr ML, Plaits-Mills TAE. Long-term Tails in



Total and specific serutn IgE levels in adtills 539

antibodies to dust mite and pollen allergens in patients wilh
asthma or hay fever. Clin Allergy 1983; 13:409-17,

16 Zetterslrom O, Osterman K. Machado L. Johansson SGO,
Anoiher smoking hazard: raised serum IgE eoncenlration
and increased risk of occupational allergy. Br Mod J 1981;
283:1215-7.

17 Venables KM, Topping MD, Howe W et al. IntcraclJon of
smoking and atopy in producing specilie IgE antibody
against a liapten prolein eonjugate, Br Med J 1985; 290:201-
4.

18 Iversen M. Pedersen B. The prevalenee of allergy in Danish
farmers. Allergy 1990; 45:347-53.

19 Bakke P. Gulsvik A. Lilleng P ei al. Postal survey on
airborne oeeupalional exposure and respiratory disorders in
Norway: causes and consequences of non-response. J Epide-
miol Comm Health 1990; 44:316-20.

20 Bakke P, Baste V, Hanoa R, Gulsvik A, Prevalence of
obstructive lung disease in a general population: relation-
ship lo occupational title and exposure to some airborne
agents. Thorax 1991; 46:863-70,

21 Dixon JW, BMDP slatisticaJ software manual. Berkeley,
CA: University of California Press. 1990.

22 Gulsvik A, Bakke P, Humerfelt S^( al. Single breath transfer
factor for carbon monoxide in an asymptomatic population
of never smokers. Thorax 1992; 47:167-73,

23 Zijistra WG. Buursnia A, Zwarl A, Performance of an
automated six-wavelength photometer (radiometer OSM 3)
for routine measurement of hemoglobin derivatives. Clin
Chem 1988; 34:149-52,

24 International Labour Office. International standard classiti-
eation ol"occupations. Geneva: International Labotir Office,
1969.

25 Parkes WR. Oeeupational lung disorders, 2. ed. London:
Butlerwortlis. 1982.

26 Norw-egian Institute of Air Research, The quality of air in
Bergen 1983-1985, Lliteslrom: Norwegian institute of Air
Research. Report 232. 1986.

27 Ramfjord H. Outdoor appearance of aeroallergens in
Norway, GRANA 1991; 30:91-7.

28 Dybendal T. Wcdbcrg WC, ELsayed S. Dust from carpeted
and smooth iloors. Allergy 1991; 46:427-35.

29 De Filippi I, Yman L, Schroder H. Clinieal aecuraey of
updated version of Phadebas RAST test. Ann Allergy 1981;
46:249-55,

30 Armitage P, Berry G. Statistical methods in medical
research. 2nd Edn. Oxford: Blackwell Seienlifie Publica-
tions, 1987.

31 Johansson SGO, Yman L. In vitro assays for immunoglobu-
lin E. Clin Rev Allergy 1988; 6:93-139.

32 Cline MG, Burrows B, Distribution of allergy in a popula-
tion sample residing in Tucson. Arizona. Thorax 1989;
44:425-31.

33 Sapigni T. Biavati P, Simoni M ei at. Total .serum IgE
coneenlralion (PRIST): infiueneeof sex.skin test reaetivity,
smoke and respiratory symptoms. Eur Resp J 1992; 5(supp
15):78s.

34 Mensinga TT, Scouthen JP. Weiss ST et al. The relationship

between allergy, respiratory symptoms, and pulmonary
funetion. In: Sluiter HJ. Van der Lende R, eds. The
relationship between allergy, respiratory symjitoms, and
pulmonary function. Assen: Royal van Gorcum. 1989:35-
41,

35 van Hage-Hamstcn M. Johansson SGO. Hogltind S, Tu!l P,
Zetterstom O. Occurrence of allergy to storage mites and
IgE antibodies to pollens in a Swedish farming populaiion.
Eur J Respir Dis 1987: 7l(supp 154):52-9.

36 Merretl TG. Burr ML. St Leger AS. Merrctl J. Circulating
IgE levels in the over-seventies. Clin Allergy 1980; 10:433 9,

37 Haahtela T. Jaakonmaki I. Relationship orallergen-specilk
IgE antibodies, skin prick tests and allergic disorders in
unselecled adolescents. Allergy 1981: 36:251 -6.

38 Gergen PJ. Turkeitaub PC, Kovar MG. The prevalence of
allergic skin test reactivity to eight common aeroallergens in
the U.S. population: results from the second National
Health and Ntiti-ilion Examination Survery, J Allergy Ciin
Immunol 1987; 80:669-79.

39 Bakke P. Gulsvik A. Eide GE. Hay fever, cc/ema and
urliearia in southwest Norway. Allergy 1990; 45:515-22.

40 Skarpaas UK, Gulsvik A. Prevalence of bronchial asthma
and respiratory symptoms in schoolchildren in Oslo. Allergy
1985; 40:295-9.

41 Oryszezyn MP. Annesi 1. Neukirch F. Dore MK. KaufT-
mann F. Relationship of lota! IgE level, skin prick test
response, and smoking habits. Ann Allergy 1991; 67:355-9.

42 Jensen EJ. Pedersen B. Schmidt E, Dahl R. Serum IgE in
nonatopic smokers, nonsmokers. and rcceni exsmokers:
Relation to kuig fimction, airway sytnptoms. and atopic
predisposition. J Allergy Clin Immuno! !992; 90:224 9,

43 Romagnani S, Ricci M. Present views on the regulation of
human IgE synthesis, ACI News 1990; 2:192-6,

44 Bloom JW. Halonen M. Dunn AM. Piiinas JL. Burrows B.
Pneumoeoeeus-specifie immunoglobulin E in cigarettes
smokers. Clin Allergy 1986; 16:25-32,

45 Lehrer SB, Wilson MR. Karr RM, Salvaggio JE. IgE
antibody response of smokers, nonsmokers and 'smoke-
sensitive' persons lo lobaeeo leaf and smoke antigens. Am
Rev Respir Dis 1980; 121:168-70.

46 Barbee RA, Halonen M, Kaltenborn W, Lebowit/ M,
Burrows B, A longitudinal study of scrum IgE in a
community eohorl: eorrelations with age. sex, smoking, and
atopic status. J Allergy Clin Imtnunoi 1987; 79:919-27.

47 Holt PG. Immune and inflammatory function in cigarette
smokers. Thorax 1987; 42:241-9.

48 Brown WG. Halonen MJ, Kaltenborn WT. Barbee RA. The
relationship of respiratory allergy, skin test reaetivity. and
serum IgE in a community population sample, J Allergy Clin
Immunoi 1979: 63:328-35,

49 Herbert FA, Weimer N, Salkie ML. RAST and skiu lesl
screening in Ihe investigation of aslhnia. Ann Allergy 1982;
49:311-4.

50 Wickman M. Nordvall SL, Pershagcn G. Sundell .1.
Schwartz B. House dust mite sensitization in children and
residential characteristics in a temperate region. J Allergy
Clin Immunol 1991; 88;89-95.






