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time series.  Conclusion:  The results suggest that hygiene-
related environmental factors have played a role in the in-
crease of allergic sensitisation during the last decades. 
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 Introduction 

 An increase in the prevalence of immunoglobulin E-
mediated atopy and allergic diseases has been document-
ed in industrialised countries  [1–4] . There is also evi-
dence that in some countries this increase might have 
reached a plateau  [5, 6] . Western lifestyle and urban en-
vironment have been related to atopy  [4, 7–10] , and envi-
ronmental factors such as childhood exposure to mi-
crobes have been proposed to influence allergic sensitisa-
tion  [7, 9, 11, 12] . Kosunen et al.  [1]  demonstrated an 
increase in the levels of allergen-specific IgE antibody 
from 1973 to 1994 in Finnish subjects, particularly in 
males. Moreover, they found an inverse relation between 
allergic sensitisation and antibodies against  Helicobacter 
pylori   [1] .

  We investigated this further in a different set of sub-
jects. Our aim was to find out whether the increase in al-
lergen-specific IgE levels has continued beyond the pe-
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 Abstract 

  Background:  An increase in the prevalence of allergic condi-
tions has been documented in Finland, correlating with the 
diminishing prevalence of  Helicobacter pylori  infections. We 
investigated whether the increase of allergic sensitisation 
still continues and correlates with the prevalence of  H. pylori  
infections.  Methods:  The sera from 958 pregnant women in 
1983, 1989, 1995 and 2001 were analysed for the presence of 
antibodies against  H. pylori . In addition, allergen-specific IgE 
antibodies and total levels of IgE antibodies were measured. 
 Results:  A clear birth cohort effect was found in the preva-
lence of allergic sensitization: allergen-specific IgE was more 
frequent among recent birth cohorts than earlier ones (p = 
0.001). The frequency of  H. pylori  antibodies followed the op-
posite trend (p  !  0.001) and the increase in allergic sensitisa-
tion was only seen among  H. pylori -negative women. A mod-
est increase was also seen in allergic sensitisation between 
the 4 time series among the  H. pylori -negative subjects (p = 
0.04). Total IgE levels did not differ between birth cohorts or 
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riod previously studied, and if this still correlates with the 
prevalence of  H. pylori  infections. In addition, we wanted 
to investigate whether this increase has also happened 
among Finnish women, resembling that previously re-
ported in males.

  Material and Methods 

 Subjects 
 For this study, coded (anonymous) serum samples were ob-

tained from the FMC-serum bank of the Finnish National Public 
Health Institute (KTL). Since 1983, in Finland practically all 
( 1 98%) pregnant women have participated in screening for con-
genital infections (such as HIV, syphilis and hepatitis B) organ-
ised by KTL. The purpose of this is to find and prevent possible 
infectious diseases that would cause a threat to the health and life 
of the unborn child. Serum samples for screening are drawn from 
women at the maternity clinics during the first trimester of preg-
nancy (10–12 weeks of gestation). These sera are stored (–25   °   C) at 
the FMC-serum bank. By the end of 2001, the FMC-serum bank 
contained about 1,350,000 samples from 683,000 women.

  A total of 958 randomly selected blood samples from pregnant 
Finnish women were included in the analysis. The breakdown of 
the numbers of samples and age of subjects by the year in which 
the sample was taken was as follows. 1983: n = 232, age 17–42 years 
(median 26); 1989: n = 240, age 16–42 years (median 28); 1995:
n = 243, age 16–43 years (median 29), and 2001: n = 243, age 16–49 
(median 29). Age distributions between these series were not 
equal, owing to an observed increase in median ages from 1983 to 
2001. This is probably due to the increasing mean age of Finnish 
pregnant women  [13] . Because of these observed differences, the 
series were further separated into the following age groups: less 
than 25 years, 25–30 and over 30. The median ages within these 
groups were 22, 27 and 33 years, respectively. In addition, we an-
alysed subjects by their birth cohort, grouping the following years 
of birth: 1941–1949 (n = 34), 1950–1954 (n = 81), 1955–1959 (n = 

163), 1960–1964 (n = 254), 1965–1969 (n = 198), 1970–1974 (n = 
122), 1975–1979 (n = 71) and 1980–1985 (n = 35).

  The study protocol was approved by the KTL ethical commit-
tee.

  IgE and H. pylori Antibodies 
 Total IgE levels were measured by a microparticle enzyme im-

munoassay (IMx �  Total IgE, Abbott Laboratories) according to 
the manufacturer’s instructions.

  The levels of allergen-specific IgE were measured using the 
ImmunoCap �  f luoroenzyme immunoassay (Phadia Diagnostics, 
Uppsala, Sweden). Specific IgE for 2 common inhalant allergens 
(birch and cat) and for egg albumin was analysed according to the 
manufacturer’s instructions. These allergens were selected be-
cause we wanted to include important representatives of animal 
and pollen allergens as well as food allergens in this study.

  For each allergen-specific IgE, 0.35 kU/l was considered as the 
cut-off level for positive. In line with earlier studies, total IgE val-
ues exceeding 100 kU/l were considered high and possible mark-
ers of atopic predisposition  [7, 14] .

  IgG antibodies against  H. pylori  were measured by an enzyme 
immunoassay (Pyloriset EIA-G III, Orion Diagnostica, Espoo, 
Finland) according to the manufacturer’s instructions. Values 20 
U/ml or more were considered to be positive.

  Statistical Methods 
 Statistical analyses were performed with the SPSS program 

version 14.0 (SPSS Inc., Chicago, Ill., USA). Cross-tabulation and 
 �  2  tests were applied for the analyses of associations between clas-
sified variables. For these purposes, the presence of allergen-spe-
cific IgE in the sera was classified as having specific IgE against 
at least 1 of the tested allergens that exceeded the cut-off levels 
mentioned above. Kruskal-Wallis and Mann-Whitney tests were 
applied for the comparisons of continuous variables with skewed 
distributions against classified variables. As a multivariate tech-
nique, logistic regression was applied to identify the independent 
effect of each parameter when appropriate. In this, the model se-
lection was based on a forward stepwise procedure, where the 
limit to enter and to remove the term was equal to 0.10.

Table 1. The prevalence (%) of specific IgE antibodies against at least 1 of the tested allergens (cat, birch, egg 
albumin) in the years 1983, 1989, 1995 and 2001 among Finnish pregnant women with and without IgG anti-
bodies against H. pylori

Subjects Year p value 
for trend

Adjusted odds 
ratio (95% CI)1

1983 1989 1995 2001

All 30/209 (14) 30/210 (14) 37/235 (16) 47/243 (19) 0.05 1.03 (1.0–1.06)
H. pylori + 6/59 (10) 7/42 (17) 8/56 (14) 4/47 (9)2 NS
H. pylori – 24/149 (16) 22/163 (13) 28/172 (16) 43/196 (22)2 0.04 1.03 (1.0–1.07)

NS = Non-significant.
1 Odds ratio for increase in 1 year. Analyses were carried out using a logistic regression model that excluded 

the effects of age and year of birth. 
2 The proportion of women having allergen-specific IgE differs between H. pylori-positive and -negative 

women in the year 2001 (8.5 vs. 21.9%, p = 0.036). 
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  If there were missing or indifferent values, cases were not in-
cluded in the analyses involving those particular parameters. The 
number of subjects in different analyses may therefore differ. As 
an illustration,  table 1  shows 210 subjects of the 1989 time series 
with valid allergen-specific IgE results, whereas 205 subjects of 
the same cohort have valid  H. pylori  test result. All testing was
2-sided. p  !  0.05 was considered statistically significant.

  Results 

 The proportion of the women positive for serum al-
lergen-specific IgE increased during the study period
(p = 0.05). Nevertheless, this increase was quite modest 
and happened only among women who lacked antibodies 
against  H. pylori  ( table 1 ). Altogether, 12.3% of  H. pylori-  
positive women had allergen specific IgE, compared to 
17.2% of  H. pylori -negative women (non-significant). 
However, in the last time series (2001)  H. pylori -negative 
women had significantly higher prevalence of specific 
IgE than  H. pylori -positive women ( table 1 ).

  Women in the earlier birth cohorts had a clearly lower 
prevalence of specific IgE compared to women who were 
born more recently ( fig. 1 ). Furthermore, birth year had 
an effect on specific IgE prevalence. This effect was con-
firmed in a logistic regression model excluding the effects 
of age,  H. pylori  antibodies and year at the time of blood 
sampling (p = 0.001, OR for the effect of 1 year to the in-
crease = 1.037, 95% CI 1.014–1.060). The effect of birth 
year on prevalence of specific IgE was evident among  H. 
pylori -negative women (p = 0.001, OR for the effect of 1 
year to the increase = 1.041, 95% CI 1.016–1.068). In con-
trast, it was not seen among  H. pylori -positive women.

  Older age groups had lower prevalence of specific IgE 
( 1 0.35 kU/l): 11.4% of women aged over 30 years had spe-
cific IgE, compared to 15.8% of women aged 25–30 years 
and 21.7% of women aged less than 25 years (p = 0.001 for 
trend). This age-dependent effect was strongest in the 
first time series collected in the year 1983: 7.4% of women 
aged over 30 had specific IgE, compared to 10.4% of those 
aged 25–30 years and 23.1% of those younger than 25 
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  Fig. 1.  Prevalence (%) of IgE antibodies against at least 1 of tested 
allergens (cat, birch and egg albumin) and IgG antibodies against 
 H. pylori  among pregnant Finnish women. Subjects were classi-
fied according to their year of birth. Blood samples were collected 
in years 1983, 1989, 1995 and 2001. White bars = allergen-spe-
cific IgE  1 0.35 kU/l (p = 0.001 for trend); black bars =  H. pylori  
IgG  1 20 U/ml (p  !  0.001 for trend).   

Table 2. Prevalence (%) of IgG class H. pylori antibodies among different age groups of Finnish pregnant women

Age groups 
(years)

Year All p value 
for trend

Adjusted OR 
(95% CI)1

1983 1989 1995 2001

<25 20/86 (23)2 8/61 (13) 14/53 (26) 9/65 (14) 51/265 (19) NS
25–30 21/78 (27) 21/98 (21) 14/83 (17) 14/72 (19) 70/331 (21) NS

>30 29/65 (45) 21/75 (28) 28/100 (28) 24/106 (23) 102/346 (29) 0.003 0.95 (0.91–0.98)
All 70/229 (31) 50/234 (21) 56/236 (24) 47/243 (19) 223/942 (24) 0.002 0.96 (0.94–0.99)

NS = Non-significant.
1 OR for increase in 1 year. Analyses were done by a logistic regression model that excluded the effect of 

age. 
2 Increase in H. pylori antibody prevalence with age: p = 0.002 for trend in all, p = 0.006 for trend in 1983 

time series, p = 0.036 for trend in 1989 time series, non-significant for other time series. 
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years (p = 0.008 for trend). Other time series also showed 
similar kinds of age trends (not statistically significant). 
The highest prevalence (26.2%) of allergen-specific IgE 
was observed among the youngest age group within the 
year 2001 cohort.

  A clear decrease occurred in the prevalence of IgG an-
tibodies against  H. pylori  between the years 1983 and 
2001 ( table 2 ). Analogously women who were born more 
recently had fewer  H. pylori  antibodies ( fig. 1 ). The effect 
of birth year on prevalence of  H. pylori  antibodies was 
confirmed in a logistic regression model excluding the 
effects of the age and year at the time of blood sampling 
(p  !  0.001, OR for the effect of 1 year to the increase = 
0.957, 95% CI 0.939–0.976).  H. pylori  prevalence among 
women born between 1941 and 1955 was 39.1% (45/115), 
whereas among women born between 1975 and 1985 it 
was 14.6% (15/103, p  !  0.001;  fig. 1 ).

  Total IgE levels did not correlate with  H. pylori  IgG. 
Altogether, 44.8% of women who had a total IgE value 
exceeding 100 kU/l had specific IgE against at least 1 of 
the tested allergens, compared to 8.7% among those with 
lower levels of total IgE (p  !  0.001). High (at least 100
kU/l) total IgE levels were most frequent in the youngest 
age groups: 26.2% of women aged less than 25 years had 
a high value of total IgE, compared to 20.0% of those aged 
25–30 years and 16.3% of those aged over 30 years (p = 
0.003 for trend). When different time series were anal-
ysed separately, only the second time series showed a sig-
nificant trend between the age groups: 32.8% of women 
aged less than 25 years had high total IgE, compared to 
18.4% of those aged 25–30 years and 16.0% of those aged 
over 30 (p = 0.021 for trend). Other time series showed 
similar kinds of trends (not statistically significant). Total 
IgE levels showed no differences between different time 
series or birth cohorts.

  Discussion 

 In the present study a clear birth cohort-effect was 
seen in the prevalence of allergen-specific IgE, indicating 
that allergic sensitization has kept increasing during the 
last decades. A similar increasing trend was also observed 
between different time series. Altogether, these findings 
do not herald a release from the growing burden of aller-
gic diseases.

  The prevalence of antibodies against  H. pylori  de-
creased between 1983 and 2001. The prevalence rate did 
not markedly decline by year of birth among women who 
were born after the 1960s. In contrast, this kind of de-

crease was seen in women born before the 1960s ( fig. 1 ). 
In addition, we observed an inverse relation between the 
presence of  H. pylori  antibodies and allergic sensitisation 
in the most recent time series (year 2001).

   H. pylori  prevalence presumably reflects the standards 
of general hygiene  [15] . Thus, the women without  H. py-
lori  antibodies are likely to represent a group that has 
lived in environment with high standards of hygiene. 
There may be some (yet unidentified) factors associated 
with poor hygiene that protect against allergic sensitisa-
tion. If so, the group of  H. pylori -positive women might 
have been exposed to these protective factors . H. pylori-
 positive women would therefore be protected against al-
lergy even in the current era when allergies are increasing 
due to the increasing proportion of population living in 
highly hygienic conditions. This may also be the explana-
tion for our finding that allergic sensitisation has kept 
increasing among  H. pylori -negative women but not 
among  H. pylori -positive women. This finding is consis-
tent with previous results by Kosunen et al.  [1] . The small 
number of  H. pylori -positive women in this study makes 
it difficult to find an increase in allergic sensitisation. 
However, as nothing suggested an increase in allergic 
sensitisation among  H. pylori -positive women, it is un-
likely that a larger sample size would have shown such 
trend. 

  The present study shows an increase in allergen-spe-
cific IgE among Finnish women in an era beyond the pe-
riod previously studied. Kosunen et al. have reported an 
increase of allergen-specific IgE antibodies between 1973 
and 1994 in Finland  [1] . They measured IgE against 4 in-
halant allergens (birch, timothy, cat and dog) in Finnish 
subjects aged 15–54 years, further distributed to age 
groups representing ages 15–24, 25–34, 35–44 and 45–54. 
Of these groups, only the youngest showed a statistically 
significant increase in the prevalence of allergen-specific 
IgE. This increase was most remarkable in the subgroup 
without antibodies against  H. pylori . The increase was 
apparent among male subjects, whereas it was not statis-
tically significant among females. Our results indicate 
that marked increase in allergic sensitisation has also oc-
curred in females, resembling that previously reported in 
males. 

  Several studies have focused on the possible role of in-
fections as factors providing protection against allergic 
sensitisation  [7, 9, 11, 12, 16] .  H. pylori , representing a 
chronic infection in gastric mucosa, might have microbe-
specific potency in diminishing immune responses that 
lead to allergic sensitisation.  H. pylori  can induce produc-
tion of IL-10. This suppresses T cell proliferation and cy-
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tokine production and can therefore play a role in  H. py-
lori  persistence by damping the host’s immune response 
 [17] . IL-10 is also secreted by allergen-specific T regula-
tory cells and can suppress IgE production  [18] . More-
over,  H. pylori  can suppress the production of IL-6  [17]  
and thereby promote differentiation of CD4 T cells into 
Foxp3+ regulatory T cells  [19, 20] . On the other hand, in 
the whole study population allergic sensitisation among 
 H. pylori -positive women was not significantly lower 
than among  H. pylori- negative women. This suggests that 
possibly not  H. pylori  itself but some other associated fac-
tors may be protecting  H. pylori -positive women from in-
creasing allergic sensitisation. It is also possible that atop-
ic children have a defective immune response against  H. 
pylori , which could lead to false seronegativity in microbe 
antibodies. This kind of defective immune response has 
previously been described  [21] .

  We observed higher total IgE levels among youngest 
age groups. This is in line with previous observations 
showing an inverse connection with allergic sensitisation 
and age  [1, 3] . However, Jarvis et al.  [22]  demonstrated 
that there are only low net changes in sensitisation as the 
subjects grow older. Hence, the observed age-related dif-
ferences in this study are probably due to subjects having 
been born in a different era. In fact, we observed that 
birth cohort had a stronger effect on the prevalence of al-
lergen-specific IgE than did age. 

  The present study included only women. Nonetheless, 
no major differences have been reported between genders 
in allergic sensitisation, even though some studies have 
suggested higher prevalence of allergen-specific IgE 
among male subjects  [1, 10] . As previously reported, the 
increase in the prevalence of allergic sensitisation in Fin-
land during years 1973 to 1994  [1]  was largely explained 
by an increase among male subjects. Atopic eczema is 
more common among females, while hay fever seems to 
affect more boys, with a change to a female predomi-
nance in adolescence  [2, 23] . Furthermore, sex differenc-
es have been documented in total IgE levels, males having 
higher levels irrespectively of age or atopic status  [24] . 
These sex differences can at least partly be explained by 
differences involving the secretion and function of sex 
hormones  [23] .

  Pregnancy might have influenced IgE responses de-
tected in the current series. In fact, the prevalence of spe-
cific IgE for cat (7.7%) and birch (11.1%) in the 1995 co-
hort is much higher than observed previously, in 1994 
(3.6% for cat and 5.4% for birch)  [1] . This might reflect the 
fact that during pregnancy immune responses may shift 
from Th-1 responses towards Th-2 responses  [25] . Amou-

drez et al.  [26]  showed that during pregnancy, there is a 
significantly higher spontaneous in vitro production of 
IL-1 � , IL-6 and IL-10 by peripheral blood mononuclear 
cells and that total IgE levels are elevated. Hence, preg-
nancy must be considered as a potential confounding fac-
tor, which may have increased the number of IgE posi-
tives in the present study.

  It is unlikely that all sensitised study subjects were 
identified using the present panel of 3 allergens in IgE 
measurements. Nevertheless, cat and birch allergens are 
among the clinically most relevant allergens in Finland. 
Furthermore, they are among the allergens most fre-
quently causing sensitisation in Finland  [14, 27, 28] . This 
suggests that the current panel can be used to detect 
changes in allergic sensitization in this kind of large epi-
demiological survey.

  Theoretically, the long storage time of the samples 
may have caused the observed change in IgE levels. How-
ever, this is unlikely because earlier studies have shown 
that allergen-specific IgE sustains its stability during 
long-term storage at –20   °   C  [3, 29] .

  In conclusion, our results indicate an increase in prev-
alence of allergic sensitisation among Finnish women. 
Moreover, certain environmental factors may provide 
protection against the development of allergy, and  H. py-
lori  infection possibly reflects this kind of environment. 
Our results provide no evidence of allergy epidemic 
reaching a plateau. In fact, the highest prevalence of al-
lergen-specific IgE was observed among the most recent 
birth cohorts.
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