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In the Western industrialized countries, the number
of cigarette-smoking women has steadily increased
during the last decades. The number of heavy smok-
ers has also become greater among pregnant women
and mothers with infants and young children. As
Table 1 shows, several studies have found that a
very high proportion of unselected children are ex-
posed daily to tobacco smoke at home. Thus, in
Denmark, a recent study (31) found that 429, of
mothers of infants smoked cigarettes daily. A total
of 589 of the infants were exposed daily to tobacco
smoke at home, 24 in day care outside home (day-
care centers or private care-givers), and 66%, of all
the infants were exposed daily to tobacco smoke at
home, in day care outside home, or both. Moreover,
429, of the private care-givers, working in their
private homes, smoked cigarettes every day - also
during daytime.

Previously, information concerning the extent of
exposure to tobacco smoke was based only on per-
sonal or parental reports. Now it is possible to mea-
sure the nicotine metabolite, cotinine, in urine, serum,
and saliva, thus obtaining a more objective measure
of the exposure to tobacco smoke (15, 18, 30, 37,
77). In children, the level of urine cotinine has been
shown to correlate with the number of cigarettes
smoked by parents — especially by mothers (15, 18,

Halken S, Hest A, Nilsson L, Taudorf E. Passive smoking as a risk factor
for development of obstructive respiratory disease and allergic

S. Halken', A. Hgst?, L. Nilsson®,
E. Taudorf*

Departments of Pediatrics, ' Sgnderborg
Hospital, Denmark, 2 Odense University Hospital,
Denmark, and 2 Linképing University Hospital,
Sweden, and * Department of Medicine, Skive
Hospital, Denmark

Key words: allergy; asthma; passive smoking;
respiratory disease; wheezy bronchitis.
Susanne Halken

Department of Pediatrics

Senderborg Hospital

DK 6400 Senderborg

Denmark

Accepted for publication 30 March 1994

Table 1. Exposure of children to passive tobacco smoking

21 M F M+F None

Parental smoking (%)
Ware et al. 1984 {73)

n=10, 106, 6-16 v 68 43 58
Burchfiel et al. 1986 {8)

n=23482, 0-19 yr 62 3* 27* 32 16
Magnusson 1986 (45)

n=186, 0-18 mo 43 22 37 16
Neuspiel et al. 1989 {52)

n=9670, 010 yr 50 56
Halken et al. 1991 (31)

n=276, 0-18 mo 58 42 41 39 34
Wright et al. 1991 (79)

n=847, 10-12 mo 39 26 30 16 61
Hatken et al. 1992 (32)

n=108 HR infants, 018 mo 45 25 38 44

M=Mother; F=Father, ® M/F only; HR=high-risk infants - defined as having severe
single atopic predisposition combined with cord-blood IgE20.05 kU/I or biparental
atopic predisposition.

30, 37, 77). Cotinine and nicotine can also be mea-
sured in breast milk, and concentrations of nicotine
increased 10-fold when the mother smoked just be-
fore nursing (15). In a recent study (68), cotinine
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excretion in urine from non-breast-fed infants of
smoking mothers (nicotine exposure via passive
smoking only) was even higher than that of adult
passive smokers. The urinary cotinine excretion in
breast-fed infants of smoking mothers was at the
same level as that of the mothers themselves.

The influence of passive smoking on acute and
chronic respiratory disease (including asthma) has
been reviewed previously by Fielding & Phenow (24)
and Landau (41). These studies have varied greatly
in study design and subject selection. Definitions
have been ambiguous (or have not been stated at all),
and diagnostic criteria have been vague. Moreover,
the literature on the topic is characterized by incon-
sistent nomenclature and geographic differences.
In addition to “wheezy bronchitis”, other names for
the disorder such as “obstructive bronchitis”,
“asthmatic bronchitis” and “recurrent wheezing” are
also used. In infants and young children, it may be
difficult to distinguish between recurrent wheezy
bronchitis caused by infections and asthma; more-
over, a syndrome called “wheezy bronchitis” in one
study might be called “asthma” in another study.

Wheezy bronchitis occurs frequently in infants
and young children, and it is often caused by an
infection. It is characterized by wheezy respiration
as a result of the small diameters of the bronchial
system, edema of the mucous membranes, and bron-
choconstriction. Recent studies have found a corre-
lation between recurrent wheezy bronchitis in the
first years of life and asthma later in childhood (26,
71, 75). These studies have shown that 30-507; of
infants with recurrent wheezy bronchitis during their
first years of life developed proven asthma later in
childhood. Some authors contend that children suf-
fering from recurrent wheezy bronchitis must be
considered to be suffering from asthma until proven
otherwise (21).

Table 2. Passive tobacco smoking and wheezing/asthma

In this review, we will update the findings on a
possible correlation between passive smoking and
respiratory diseases including asthma. Moreover, we
will review what is known about the influence of
passive smoking on the development of allergic dis-
ease (sensitization to specific allergens, ie., IgE-
mediated reactions) and about immunologic reac-
tions in children pre- or postnatally. It is important
to recognize that a possible correlation between pas-
sive smoking and asthma does not necessarily imply
a demonstrable allergic mechanism, but may be the
result of a directly irritative, inflammatory reaction in
the respiratory tract.

Wheezy bronchitis and asthma

Correlation between passive smoking and wheezy
bronchitis/asthma

Most recent studies of the influence of passive smok-
ing on respiratory health have shown a correlation
between passive smoking and wheezy bronchitis and
asthma in children. Only one study did not find a
correlation between passive smoking and later per-
sistent asthma (75). However, this study covered
only a small, selected population (n = 101), data con-
cerning exposure to tobacco smoke during the first
years of life were gathered retrospectively, and the
results were not adjusted for other risk factors (e.g.,
atopic predisposition) and confounding factors.

Unselected children

As Table 2 shows, several large cross-sectional stud-
ies of unselected children have found a significantly
increased occurrence of asthma when at least one of
the parents smoked cigarettes (1, 8, 12, 16, 25, 28,
29, 74).

Study n

Age {years}

Tobacco smoking Risk of asthma (P/95% Cl)

Cross-sectional studies — unselected children

Gortmarker et al. 1982 (29} 3072 0-17
Burchfiel et al. 1986 (8) 3482 0-19
Andrae et al. 1988 (1) 5301 0.5-16
Weitzman et al. 1990 (74) 4331 0-15
Chinn & Rona 1991 (12) 5002 -1
Goren & Hellman 1991 {28) 8269 -1
Dekker et al. 1991 (16) 14495 5-8
Forastiére et al. 1992 (25) 2929 -1

Mother 4 RR 1.53-1.83; P<0.05
2 One parent 1 OR 2.16; P<0.05
Parents tRR2.56(1.5-3.4)
Mother 1 0R 2.1; P=0.001
20.5 pack/day

Parents t OR 1.35; P<0.05*
> 20 cigarettes/day

Mother 1 RR 1.24; P<0.05
Father 1 RR 1.28; P<0.05%*
One household 1 OR 1.39(1.17-1.65)
Two households 1 OR 1.72(1.42-2.05)
Mother tOR 1.7(1.04-2.7)
Two parents 1 OR 1.5(1.04-2.2)

® Persistent wheeze; ** wheeze without cold; 0D = odds ratio; RR = relative risk; Cl = confidence interval; t = increased nsk.
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Prospective cohort studies (Table 3) of unselected
children followed from birth found a significantly
increased occurrence of wheezy bronchitis (2, 3, 6,
31, 52, 60, 72, 79) and asthma in children exposed
to tobacco smoke at home. A prospective study of
276 unselected Danish infants (31) revealed that at
least two episodes of wheezing before the age of
18 months were diagnosed in 259, of infants ex-
posed to tobacco smoke every day at home, in day
care, or both, and in 309, of children whose moth-
ers smoked. The corresponding figure for infants
who were not exposed to tobacco smoke was 159,
(P<0.05%). A UK prospective study of 9670 chil-
dren (52), followed from birth to the age of 10 years,
found a 149% increase in childhood wheezy
bronchitis/asthma when mothers smoked at least
four cigarettes per day, and a 499, increase when
mothers smoked more than 14 cigarettes per day.
Another cohort study (49) of 153 children with or
without a history of bronchiolitis also showed that
maternal smoking was a powerful predictor of
wheezing at 13 years with an odds ratio (OR) of 2.67
(P<0.01) - the risk being higher in boys.

A recent study of 786 children followed prospec-
tively from 2 to 12 years of age (47) found a signifi-
cantly increased risk of developing asthma when the
mother smoked at least 10 cigarettes per day and
also had a low social status (fewer than 12 years of
education). Some studies have shown that low so-
cial status correlates with an increased exposure to
tobacco smoke at home as well as an increased
occurrence of wheezy bronchitis (4, 31) and asthma
(2, 43). One recent cohort study (2, 3) of 1174 infants
followed from birth to 2 years of age used logistic
regression analysis to adjust for confounding varia-
bles (maternal asthma, social class, bottle/breast-
feeding, sex, etc.). It was found that maternal smok-
ing significantly increased the prevalence of asthma
when defined as three or more separate episodes of
wheezing.

Table 3. Passive tobacco smoking and wheezing/asthma

Passive smoking, disease, and allergy

In most studies, maternal smoking seems to be
especially important and correlates with an increased
risk of developing wheezy bronchitis (6, 31, 79) and
asthma (2, 8, 29, 47, 52, 74). Several studies do not
show the same significant effect of paternal smoking
alone (2, 47, 52, 79). Several studies found a posi-
tive correlation between the degree of passive smok-
ing (number of cigarettes per day and number of
smokers) and diagnosed asthma (8, 52, 74) and
wheezy bronchitis (6, 79). The same correlation was
found between the degree of exposure to tobacco
smoke and respiratory infection (60, 72).

Children with atopic predisposition

In prospective follow-up studies of children with
atopic predisposition (Table 4), a significant corre-
lation was found between exposure to tobacco smoke
and wheezing/persistent wheezy bronchitis. Atopic
predisposition is defined as having atopic first-degree
relatives (10, 14); biparental or severe single atopic
predisposition, the latter combined with cord-blood
IgE=0.5kU/l (32); or wheezing children under
2 years of age combined with previous atopic dis-
ease, positive skin prick test, or atopic first-degree
relatives (27). One study of 80 atopic children with
wheezy bronchitis (27) showed a significantly in-
creased risk (relative risk 2) of developing persistent
wheezy bronchitis among passive smokers after
4 years. Furthermore, a four- to fivefold increased
risk of having recurrent respiratory infections was
found in the same group.

Children with atopic disease - asthma

A prospective study of 94 Canadian asthmatic chil-
dren aged 7-17 years found significantly more
asthma symptoms in those exposed to maternal
tobacco smoking (49). Likewise, a US study of asth-
matic children showed significantly more acute

Risk of RW
Study n Follow-up {years) Symptoms Tobacco smoking OR/% (95% CI/P
Prospective birth cohort studies — unselected children

Rantakalio 1978 (60} 12068 5 RW Mother 1 RR Br 4.7 (C?)
Bisgaard et al. 1987 (6) 5953 1 Wh Mother 2 3 cigarettes/day 10R 2.7 {(1.7-4.0)
Taylor & Wadsworth 1987 (72) 12743 5 Br Mother 120.3% P<0.01

None 14.1%

Father -
Neuspiel et al. 1989 (52) 9670 10 A Mother 1RR 1.44 {1.24-1.68)
Halken et al. 1991 (31) 276 15 RW Mother daily 1 OR 2.6 (1.4-4.8)

tOR 2.4 (1.24.9)

Wright et al. 1991 {79) 847 1 Wh Mother> 20 cigarettes/day 1 P<0.05
Arshad & Hide 1992 (2) 1167 1 A Mother 1 0R 2.3{1.34-3.92)
Arshad et al. 1993 (3) 1174 2 A Mother 10R 2.2 (1.5-3.4}

RW=recurrent wheszing= twice; Wh=wheeze> once; WB=wheezy bronchitis; A=asthma; Br=bronchitis.
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Table 4. Passive tobacco smoking and wheezing

Age {yr)
Study n Inclusion Follow-up Symptoms Smoking Risk of RW
Prospective studies in children with atopic predisposition

Cogswell et al. 1987 (13) 73 0 5 Wheeze> X 1 Parental 62%*

No parental 3%
Geller-Bernstein et al. 1987 (27) 8o® <2 4 Persistent wheeze Parental 42%%*

No parental 21%
Burr et al. 1989 (10} 483° 0 1 Wheeze Mother 47%*

None 26%

OR=1.61(1.03-2.52)

Halken et al. 1992 (32} 54° 0 15 Wheeze 2 X2 Daily 52%*

Mother 57%

None 17%

“ At least one atopic parent,

® Atopic wheezing means wheezing plus at least two of following: 1) eczema/allergic rhinitis, 2) positive skin prck test, and 3) atopic first-degree relatives.
€ Severe single (first-degree relatives) atopic predisposition combined with cord-blood IgE 0.5 kU/| or biparental atopic predisposition.

® P<0.05; ** P<0.01.

asthma symptoms and more visits to emergency
departments among passive smokers (20). Another
recent retrospective study of 199 children with
asthma (aged 8 months to 13 years) found that acute
exacerbations of asthma increased with exposure to
tobacco smoke, whether such exposure was reported
by a parent or identified by cotinine level (11). In a
longitudinal US study with a S-year follow-up to the
age of 13 years (48), a significantly increased fre-
quency of persistent asthma was found among those
exposed to maternal smoking (relative risk 2.7;
P<0.01). In two case-control studies (18,77),
maternal smoking was significantly more frequent
among children with asthma than controls (OR = 2.0;
95% CI 1.1-3.4 and relative risk (RR)=2.6; 957,
CI 1.2-5.3). Another recent case-control study (17)
found high levels of cotinine concentrations in saliva
in children under 2 years of age. The geometric mean
of cotinine determinations was significantly higher
for wheezing patients in this age group than controls
(9.8 and 4.3 ng/ml, respectively; P<0.05). More-
over, significantly more hospital admissions and use
of asthma medication were found among children
exposed to tobacco smoke at home (74).

In children with past or present atopic dermatitis
(50), asthma was found significantly more frequently
in cases where the mother smoked cigarettes (799,
and 529%). A recent prospective study (51) of 807
nonsmoking asthmatic children (1-17 years of age)
found an improvement in adjusted measures of
asthma severity (asthma scores 7.5 and 6.5; P <0.05)
and improved lung function (FEV,) because of less
exposure to tobacco smoke from parents. This study
showed that although parents did not stop smoking
when advised to do so, they smoked fewer cigarettes
when in the house, and considerably fewer cigarettes
when in the same room as their child.

100

The literature presents convincing evidence that
exposure to tobacco smoke increases the risk for
development of wheezy bronchitis and asthma in
unselected children as well as in children with atopic
predisposition. In addition to increased morbidity,
increased need for medical treatment and increased
use of asthma medication are found in asthmatic
children who are exposed to tobacco smoking every
day.

Respiratory tract infections

Viral infection might be an important factor in the
development of obstructive respiratory disease (17);
furthermore, respiratory tract infections often elicit
or worsen asthma symptoms in asthma patients. The
correlation between passive smoking and respira-
tory infections has been reviewed thoroughly by
Fielding & Phenow (24). Several previous studies
have found a consistent effect of parental smoking
on upper and lower respiratory tract infections in
children (tracheitis/bronchitis and pneumonia) (14,
22, 23, 34, 42, 58, 60, 61, 72). No information has
been recorded on potential coexisting asthma symp-
toms. However, it is well known that asthmatic
patients often have recurrent respiratory infections,
and that some virus infections are often followed by
asthma symptoms.

Exposure to parental smoking also significantly
increases the risk of middle-ear effusions and related
infections in young children (7, 19, 36, 39, 59, 65,
69). The occurrence of adenoid vegetations and ad-
enotomia is up to four times more frequent among
children exposed to tobacco smoke at home than
children not exposed to tobacco smoke (65). A recent
study (19) documented the exposure by measuring
urine cotinine. It found that children with cotinine



values =2.5 ng/ml suffered new episodes of otitis
media with effusion during the first 3 years of life at
a rate 389, higher than in children showing lower
values. Moreover, the duration of episodes of otitis
media with effusion was significantly longer among
passive smokers than in children not exposed to
cigarette smoke.

Some studies found a correlation between passive
smoking and an increased frequency of respiratory
infections only during the first 1-2 years of life
(14, 23), whereas others found a correlation up to
the age of 14 years (61). In conclusion, there seems
to be a positive correlation between passive smok-
ing and an increased frequency of respiratory infec-
tions and middle-ear effusions in children. The risk
seems to be greatest if the child’s mother is a ciga-
rette smoker.

Passive smoking and development of aller-
gic sensitization/allergic disease
Prenatal exposure to tobacco smoking

Two previous retrospective studies found a correla-
tion between maternal smoking during pregnancy
and increased levels of the immunoglobulins I1gG3
(46), IgE, and IgD (45) in cord blood. Also retro-
spectively, an increased occurrence of atopic symp-
toms at 18 months of age was found among children
exposed to maternal smoking in utero (45). Recent
prospective studies (54, 56) have not confirmed any
correlation between maternal smoking during preg-
nancy and increased cord-blood IgE (54, 56) or in-
creased cord-blood IgD (56). In the two latter stud-
ies, maternal smoking was verified by measuring
cotinine in urine and cord blood.

By bronchial histamine provocation, arecent Aus-
tralian study (80) found higher bronchial hyperreac-
tivity in infants aged 2—10 weeks (mean 4.5 weeks)
exposed to passive smoking at home than infants not
exposed. Another recent study (33) found maternal
smoking during pregnancy to be associated with a
significant reduction in forced-expiratory-flow rates
(helium-dilution measurement of functional residual
capacity, followed by partial expiratory-flow-volume
maneuvers) in young infants — both when the data
were unadjusted and after controlling for infant size,
age, sex, and passive smoking between birth and
time of testing. The authors suggest a possible pre-
natal effect as well as a postnatal effect of passive
smoking.

Postnatal exposure to tobacco smoking

Two studies (38, 64) showed a correlation between
exposure to tobacco smoke and increased total
serum IgE, while another study (57) did not confirm

Passive smoking, disease, and allergy

this finding, finding instead a correlation between
passive smoking and total serum IgD. In one of the
former studies (64), a significantly increased occur-
rence of eosinophilia in blood, increased total IgE,
and increased bronchial and skin-prick-test reactiv-
ity were found in sons of smokers. As Table 5 shows,
four studies (1, 63, 76, 78) found a correlation
between exposure to tobacco smoke and allergic
sensitization in children.

In one of these studies (63), skin prick tests were,
at a significant level, more frequently positive, and
the reactions were significantly greater in boys ex-
posed to parental tobacco smoking (63). In contrast
to this, a German cross-sectional study (40) of 1470
6—8-year-old children showed that maternal smok-
ing habits after birth did not influence the result of
skin prick tests with common aeroallergens. How-
ever, the information on parental smoking habits
and other risk factors was collected retrospectively
by a questionnaire at the age of 6-8 years. A Swed-
ish case-control study (53) found no correlation be-
tween exposure to tobacco smoking and a positive
skin prick test; it found only a correlation between
damp housing and sensitization to house-dust mite.
In this study, the children’s ages ranged from 3 to

Table 5. Passive tobacco smoking and sensitization

Study Patients (age range) Sensitization
Correlation with parental smoking
Wittig et al.
1978 {78} 2190 unselected 1 SPT pollen
1 SPT lactalbumin
Earlier debut AA, AR
Andrae et al.
1988 {1) 5301 unselected 1 BHR
(3-17 ) 1AA

(11 if also damp home)
Ronchetti et l.

1992 (63) 166 unselected 1 SPT index in boys
(13 wr} (aeroatlergens}
Wickman et al.*
1992 (76} 115 SPT aercallergens 1 SPT HOM**
54 controls tt if also damp home}
3-17 yi) - SPT others
No correlation with parental smoking
Nordvall et al.*
1988 (53} 60 HDOM sensitized - SPT HOM
60 controls
iy
Kuehr et al. 1470 unselected
1992 (40) 6-8 yr - SPT aeroallergens

® Case control study; ** environmental tobacco smoke exposure 0~2 yr.
SPT: skin prick test; HOM: house-dust mite; AA: allergic asthma; AR: allergic rhinitis;
BHR: bronchial hyperreactivity.
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17 years, but no information was provided on the
age at which the child was exposed to tobacco
smoke, or the degree or duration of the exposure to
tobacco smoking.

A recent German study (67) showed that expo-
sure to parental tobacco smoking significantly cor-
related with a reduced number of T-helper cells
(CD4) in infants. A recent Swedish case-control
study (77) reported significantly more passive smok-
ers among asthmatic children allergic to house-dust
mites than among a control group — a finding even
more pronounced when the child lived in a damp
home as well. A US study (78) of 2190 children has
shown a significantly earlier onset of allergic respi-
ratory illnesses (asthma and rhinitis) in children ex-
posed to tobacco smoking. The same study also
reported a significantly higher frequency of positive
skin prick tests to pollen and lactalbumin in passive
smokers. An epidemiologic cross-sectional study (1)
of 5300 children in Sweden found a significantly
higher prevalence of bronchial hyperreactivity and
pollen allergy when the parents were smokers. In
children who were also exposed to outdoor pollu-
tion, the prevalence was even more pronounced. This
suggests that different kinds of pollution may act
synergistically.

Thus, passive tobacco smoking seems to affect the
immune system in children — possibly also prena-
tally. Some data indicate that children exposed to
tobacco smoke may run an increased risk of devel-
oping allergy with sensitization to specific allergens.
There might be a synergistic effect between tobacco
smoke and other risk factors.

Passive smoking and allergic diseases in
adults

In adults it is much more difficult to detect a corre-
lation between passive smoking and the develop-
ment of allergic diseases and asthma. Adults are
often exposed to an abundance of competitive fac-
tors which might explain a disease or mask the
potential effect of passive smoking.

While the studies and documentation on the effect
of passive smoking in childhood are numerous and
convincing, similar studies in adults have never been
done. At present, no existing study documents a
correlation between passive smoking and develop-
ment of asthma in adults.

Asthmatic patients with bronchial hyperreactivity
may develop asthmatic symptoms when exposed to
unspecific irritants including exposure to tobacco
smoke. Moreover, Barbee et al. (4) found that the
prevalence of wheezing decreased in adults who
stopped smoking, especially in those who had a
negative skin test to common airborne allergens.
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Passive smoking - possible mechanisms
and consequences

Development of an allergic disease seems to be a
consequence of a combination of genetic factors and
several environmental factors. Environmental fac-
tors include potential allergens, inhalant allergens as
well as food allergens, but also possible adjuvant
environmental factors that might facilitate sensitiza-
tion. The latter include tobacco smoke in particular,
but also other pollutants such as sulfur dioxide,
nitrogen dioxide, and carbon monoxide. Several
studies indicate that air pollution increases the risk
of sensitization against potential allergen sources
such as pollen (35, 62). These findings are supported
by results from experiments of sensitization in rats
(81) and mice (55).

Some authors (5, 66, 82) have proposed that a
person can develop a true allergy to tobacco smoke.
However, this theory has never been proved, and the
studies in question seem to be controversial. Lehrer
etal. (44) showed that the sensitivity to tobacco
smoke in asthmatic patients was not caused by an
IgE-mediated reaction against antigens in tobacco
smoke.

In the last decades, a true increase in the occur-
rence of allergic diseases has been reported in in-
dustrialized countries (9, 83). This increase cannot
be explained by a change in the genetic material
alone. Therefore, it is likely that altered environmen-
tal factors may be important, and that indoor air
pollution probably plays a major role. Tobacco
smoke is the main source of indoor pollution (77).
At the same time that the number of female cigarette
smokers increased in the Western industrialized
countries, the energy crisis of 1970s led to improved
insulation of homes. Reduced ventilation and in-
creased humidity indoors resulted. Thus, conditions
were optimized in our homes for growth of airway
allergen sources such as house-dust mites and molds.
The combination of exposure to an increased amount
of allergens and an increased concentration of to-
bacco smoke and other airway irritants may have a
synergistic effect on the development of allergic air-
way diseases. Tobacco smoke may act in several
ways. Eventually, it has a directly irritative effect on
the mucous membrane and thereby damages its sur-
face, allowing penetration of potential allergens and
causing an increased risk of sensitization. Another
possibility is that tobacco smoke has a direct effect
- an alteration of the allergen making it more aller-
genic. Furthermore, tobacco smoke may have a
direct immunomodulating effect, possibly initiated
already prenatally in utero. A true allergy against
components of tobacco smoke seems to be irrel-
evant (44).



Conclusion

Many people are passive smokers, but infants and
young children especially cannot choose whether or
not to be so. There is now convincing evidence that
daily passive tobacco smoking results in an increased
risk of developing airway diseases including wheezy
bronchitis, asthma, and bronchial hyperreactivity in
unselected children as well as children with atopic
predisposition. Moreover, passive smoking results
in increased morbidity, increased need for medical
treatment, and increased use of asthma medication
in asthmatic children. Furthermore, in children, pas-
sive smoking seems to be associated with an in-
creased risk of developing allergic sensitization
against specific allergens. Exposure to maternal
smoking seems to have the greatest effect — perhaps
because the mother is the parent more often at home
and spending more time with the infant during the
first years of life. Moreover, an intrauterine effect
might be a cause. Further studies are necessary on
both the pre- and postnatal effects of passive smok-
ing on the immune system.
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