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Linkage between smoking and asthma

It� s is easy to understand that tobacco smoke, which
contains several chemicals, is harmful to asthmatics.
Maternal smoking during pregnancy and exposure to
tobacco smoke in the home deteriorate child�s lung
function and increase his or her life-long risk of asthma.
It has been much more unclear, how exposure to
environmental tobacco smoke influences adult health,
but both passive and active smoking is always harmful to
asthmatics. During the last years, a lot of studies have
been made in this field. We reviewed the most important
papers from the last decade to get the newest knowledge
and to know how to tackle the problem. This review is
associated with Finnish Allergy Programme (1) and
GARD (Global Alliance against Respiratory Diseases)
project (2).

Smoking among Finns

Smoking prevalence among Finnish adults has been
decreasing, albeit slowly. According to a study by the
Finnish National Public Health Institute 26% of men and
17% of women in working age smoked daily in 2007 (3).
Follow-up studies among pupils show that smoking
among adolescents has also started to diminish: 22% of
boys and 23% girls between the age of 14 and 18 smoked
in 2005 (4).
Exposure to environmental tobacco smoke has been

reduced through legislation (5). The Finnish authorities

have aimed at preventing people�s exposure to tobacco
smoke by enacting restricting laws (Table 1). According
to a study by Lund et al. (6) only 7% of Finnish parents
said to smoke indoors, although 23% of the families,
which were involved in this study, had at least one
smoking adult member. In the United States as much as
40–60% of children continue to be exposed to tobacco
smoke at home (7).

Male smoking has decreased in comparison with the
situation in the 1980s, but female smoking has remained
at a stable level. About 15–20% of women smoke during
pregnancy. While smoking prevalence decreases among
the general population, among women it is more
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Table 1. Development of the Finnish Tobacco Act

The Finnish Act on
Measures to Restrict
Tobacco Smoking and
its amendments

Entry into
force Main measures

13.8.1976/693 1.3.1977 Ban on advertising
19.8.1994/765 1.3.1995 Ban on smoking in workplaces

and on indoor public premises.
Prohibition to sell tobacco
products to persons under 18.

9.4.1999/487 1.3.2000–1.7.2003 Restrictions on smoking in
restaurants and bars

21.7.2006/700 1.6.2007 Ban on smoking in restaurants
and bars
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common among the less educated. Over 30% of fertile
Finnish women smoke in the less educated groups (3).
These factors contribute to the risks of children as a
result of the harmful effects of environmental tobacco
smoke. According to our previously unpublished obser-
vation 42% of pre-school children, who had contracted
asthma, had parents, who said to smoke outdoors.
Among adult asthmatics smoking prevalence is at least
at the same level as among the general population (8)
(Fig. 1).

Tobacco smoke

Tobacco smoke contains over 4.000 chemical com-
pounds, of which over 100 have been found harmful to
human health. They include about 50–60 carcinogens,
several mutagens and many irritating or toxic sub-
stances, like a small amount of lethal polonium-210
isotope. It has been counted that one puff of cigarette
smoke contains 1016 oxygen radicals. Tobacco smoke
may cause toxic cell damage directly, and the chemical
compounds therein begin several reactions in cells.
Cigarette smoke and its oxygen radicals activate inflam-
matory cells, which contribute to the activation of
growth factors and matrix metalloproteinases. These
are causing protease-antiprotease imbalance and advanc-
ing tissue destruction (9).
Tobacco smoke permeates the ambient air through the

so-called sidestream smoke, when the smoker is not
inhaling smoke to his or her lungs, and through the
so-called mainstream smoke, when the smoker exhales
smoke. As regard to environmental tobacco smoke the
share of sidestream smoke is 50–90% and the share of
mainstream smoke is 10–50% (10). Sidestream smoke is
especially hazardous to health, because it contains more
harmful compounds than the mainstream smoke, its
temperature is lower and the airflow course is different.
When the particles mix with indoor air, they become

smaller in size, and consequently in sidestream smoke
most of the particles belong to the so-called inhalable
fraction.

Effects of exposure to environmental tobacco smoke

As regard to children, tobacco smoke is one of the most
harmful elements in the environment. When a woman
smokes during her pregnancy, harmful elements are
transferred to the fetus via the placenta. The fetus can
have same levels of cotinine as a smoker in such a
situation (11). Maternal smoking is the most important
source of exposure during childhood and causes consid-
erable damage to health. It is, however, difficult to
distinguish between the damages caused by exposure in
the womb and during early childhood. About 30–40% of
women are able to quit smoking during pregnancy, but as
much as 60% resume their habit after childbirth. Up to
90% of the women, who smoke during pregnancy,
continue to do so after 5 years (11). The low education
level of the parents (OR 2.42) and single parenthood (OR
2.17) increase child�s risk to be exposed to environmental
tobacco smoke, and child�s atopy decreases it (OR 0.61)
(12). Infant exposure to tobacco smoke impairs perma-
nently lung function and increases the number of lower
tract respiratory infections, the risk to contract asthma
and asthma exacerbations (13).

Influence of children�s lung function

Studies have found that infant exposure to environmental
tobacco smoke impairs lung function during childhood
by 0.5–7% according to measurable spirometry values
(13). A meta-analysis of 21 studies discovered a reduction
by 1.4% in the forced expiratory volume in 1 s (FEV1)
and a reduction by 5% in the mid-expiratory flow
(MEF50) without identifying the effect of the time of
exposure (14).

Studies have found that prenatal exposure to maternal
smoking impairs child�s lung function immediately after
birth (15), during infancy (16, 17), later during childhood
(18), and during adult life (19). It has been suggested that
smoking during pregnancy affects lung function more
heavily than postnatal exposure. A recent multicenter
study of more than 20 000 school-aged children con-
cluded that maternal smoking during pregnancy reduced
FEV1-value by )1% and MEF25-value by )6%. Parental
smoking during the study period caused reductions by
)0.5% and )2%, respectively (18).

It seems that the adverse effect of parental smoking on
children�s lung function continues even during adoles-
cence. A fresh study by Rizzi et al. (20) discovered that
children, whose parents smoke, had significantly lower
flow rates in small airways compared with children of
non-smoking parents. Maternal prenatal smoking was
associated with considerable adverse effects. Environ-
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Figure 1. Smoking (%) among asthma patients in Finland
according to the asthma category (8).
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mental tobacco smoke obstructs children�s small bronchi
(21). This has been explained by the observation that the
airway wall gets thicker as the smooth muscle increases
and the development of lung alveoli is disturbed as a
result of exposure to tobacco smoke (22). It has been
suggested that genetic polymorphism is linked with the
stage of pulmonary dysfunction among children, who
have been exposed to tobacco smoke (23).

Environmental tobacco smoke and children�s asthma

Children, whose parents smoke, run a higher risk of
contracting asthma (OR 1.21–1.37). Pre-school children,
who are exposed to environmental tobacco smoke, have a
higher risk of asthma than school-aged children (OR 1.44
vs 1.26), and mother�s smoking during pregnancy even
increases the asthma risk compared with exposure only
after birth (13). Moreover, the length of exposure has an
influence. According to a meta-analysis of five birth
cohorts, 10-year exposure (OR 1.42) to tobacco smoke
increased the asthma risk more than 5-year exposure (1,
22) (13). The effects reach far into adulthood. Prenatal
exposure to tobacco smoke increases the adult (15–
70 years) asthma risk more (OR 3.5) than mere postnatal
exposure because of mother�s smoking (OR 1.9) (Skorge
et al. 2005). In addition, those smoking adolescents,
whose mothers have smoked during pregnancy, have a
higher asthma risk in comparison with adolescents, whose
mothers have not smoked during pregnancy (OR 8.8 vs
3.9) (24).
The increasing asthma risk is probably a result of

several factors. The described impairment of lung func-
tion in childhood is an asthma risk factor itself. Postnatal
exposure to tobacco smoke increases the number of lower
respiratory tract infections, which are known risk factors
for asthma (OR 1.26–2.13) (13). The risk is the highest in
small children (OR 1.71 at the age of 0–2 years and 1.25
at the age of 3–6 years). A small child with smoking
parents has twofold risk to be hospitalized as a result of a
lower respiratory tract infection compared with children
of nonsmoking parents (25). The hospitalization risk
seems to be even higher in children, whose parents smoke
during pregnancy and who are atopic (OR 3.31 vs 1.74).
The link between exposure to tobacco smoke and

airway responsiveness is ambiguous. Young et al. (26)
observed increased airway responsiveness in 1-month-old
healthy infants with smoking parents compared with
infants, whose parents were nonsmokers. A meta-analysis
by Cook et al. (27) found out that exposure to environ-
mental tobacco smoke has only a minor increasing effect
on airway responsiveness among school-aged children
(OR 1.29).
Neither has the increasing or decreasing effect of

environmental tobacco smoke on allergic sensitivity been
showed reliably (28, 29). There is preliminary evidence
that maternal prenatal smoking has an adverse effect on
the development of infant�s native immune response (30)

and it increases baby�s oxidative stress (31). It seems that
the magnitude of the damages induced by the exposure
to environmental tobacco smoke in early age is depen-
dant on genetic polymorphism. A study of 2950 US
children (aged between 10 and 16) concluded that
polymorphism of gluthathione S-tranferase gene has an
influence on asthma and wheezing risk in children, who
have been exposed to tobacco-related toxins during
pregnancy (32).

Exposure to environmental tobacco smoke increases
the number of asthma exacerbations, their degree of
difficulty, and the use of asthma medication, emergency
hospital visits, and school absenteeism (13). According to
observations asthma becomes milder, when exposure to
tobacco smoke diminishes.

Influence of environmental tobacco smoke on asthma in adults

Researchers have been looking for a long time for
evidence of the connections between the adult exposure
to environmental tobacco smoke and the asthma risk.
The published studies have been analyzed in two Finnish
studies (33), which came to the conclusion that asthma
risk increases as a consequence of environmental tobacco
smoke (OR 1.15–3.30). A population-based case-control
study in the Pirkanmaa district in South Finland (521
patients, 932 control subjects) showed that both the
continuous lifelong and the recent exposure to environ-
mental tobacco smoke increase asthma risk. Home
exposure (OR 4.77) seems to increase more the risk than
exposure at workplace (OR 2.16) (34). Moreover, a
Swedish study showed increased asthma risk as a result of
exposure to environmental tobacco smoke, when the
daily time of exposure was more than 5 h (OR 1.79) (35).
On the basis of these studies, it is clear that exposure to
environmental tobacco smoke and asthma risk in adults
is strongly linked. On the other hand, decreasing exposure
seems to diminish the risk.

Researchers have tried to explain the mechanism,
why tobacco smoke increases asthma. Animal studies
suggest that it is partly induced by oxidative stress,
which leads to an increase in cysteinyl leukotriene levels
(36). On the other hand, the increased asthma and
atopy risk may be caused by the tobacco smoke-related
toxic damage of bronchial mucosa leading to bigger
allergen penetration.

Influence of environmental tobacco smoke on asthma control

Passive exposure to tobacco smoke worsens the balance
of asthma. A US study followed the condition of 349
asthma patients for a period of 18 months and found out
that the disease-related quality of life was worse and the
use of health care services greater among exposed
asthmatics, and the higher the level of exposure to
environmental tobacco smoke was, the greater was the
risk of emergency department visits (37). Similar results
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were obtained in study, in which 189 asthmatics carried a
nicotine meter for 7 days. The higher the level of nicotine
was according to the meter, the greater was the risk to be
hospitalized because of asthma (38). Moreover, high
nicotine levels, which had been accumulated during a
longer period of time and were measured from hair
samples, were associated with greater needs of hospital
admission.

How smoking affects the asthma risk and diagnosed asthma

For a long time researchers have tried to find out,
whether smoking induces asthma in adults. Results of
several studies have been contradictory, but some of them
have clearly supported the hypothesis, according to which
smoking increases the asthma risk. A recent Finnish study
(39) analyzed thoroughly previous and current smoking
habits and exposure to environmental tobacco smoke of
521 adult asthmatics and 932 control subjects. According
to the results previous smoking (OR 1.47), occasional
smoking (OR 1.25) and current smoking (OR 1.31–1.46)
induce asthma. Women were associated with a greater
risk than men in this data.

Effect of tobacco smoke on bronchial inflammation in asthma

Smoking asthmatics have different kind of bronchial
inflammation than in general asthma. In addition to the
normal eosinophil inflammation also neutrophils are
activated (40–41). Induced-sputum samples have shown
increased levels and activation of neutrophils and nega-
tive relationship between inflammation and lung function
measurements. Increasing neutrophil inflammation may
partly explain, why therapeutic response to inhaled and
oral corticosteroids is weaker among smokers (42).
Smoking asthma patients may have in the pathophysio-
logy of their disease similar features to those of COPD,
like development of emphysema and lower lung diffusion
capacity (43).

Effect of smoking on lung function

Smoking accelerates the natural process of lung volume
reduction, which is linked with aging. In adults FEV1

diminishes after the age of 30 by approximately 30 ml/
year; in smokers the rate is on average 40–45 ml/year
(44). Predisposition to a rapid deterioration of lung
function and consequently to the development of COPD
is genetically determined and still poorly understood. The
lung function of smoking asthma patients falls more
rapidly compared with nonsmoking asthmatics (45).
A Danish prospective follow-up study found out that
FEV1 decreases in nonsmoking male asthma patients by
30 ml and in females by 29 ml/year. The analogous
figures for smoking asthmatics were 55 and 40 ml/year,
respectively (45).

Effect of smoking on the clinical picture of asthma

Smoking asthma patients have more symptoms and
exacerbations than nonsmokers (46). Smoking increases
the risk of hospitalization as a result of exacerbations
(47), the occurrence of asthma-related deaths (48), and
also the mortality caused by other reasons among
asthmatics (49). Smoking worsens the quality of life in
asthma, and it increases the need of symptomatic
medication and visits to the doctor (50). The motivation
of smoking asthma patients to self-management can be
lower than that of nonsmokers. As was said earlier,
smoking reduces the effect of corticosteroids in asthma,
and the treatment of smoking patients requires higher
doses of medication (42). The metabolism of theophylline
accelerates, and higher doses of medication are thus
needed (51). Smoking increases also the frequency of
upper respiratory tract symptoms and predisposes to
respiratory inflammations, which may shake good asthma
balance. It has been shown that smoking cessation
reduces the neutrophil inflammation in the airways of
asthma patients, improves the response to steroids and
slows down the deterioration of lung function (52).

Conclusions

Smoking is among the most important preventable public
health problems. Exposure to tobacco smoke causes
several health hazards including higher risk for asthma
and the effects are the greatest when exposure occurs
during pregnancy and in early childhood. Small children
are the most vulnerable to the harmful effects of
environmental tobacco smoke, and they are exposed to
tobacco smoke in the home, where mother, father or
others smoke. Even adult population has a higher risk for
asthma because of passive and active smoking.

It is possible to regulate the exposure of adults to
tobacco smoke through legislation, but it is difficult to
intervene in the domestic exposure of children by enacting
new laws. Health care personnel should by all means try
to promote smoking cessation among adults and adoles-
cents and to reduce the exposure of children and adults to

Table 2. Conclusions and recommendation for future antismoking work to diminish
asthma incidence

The smoke spreading directly from cigarettes is especially hazardous to health
Exposure to tobacco smoke especially during pregnancy and in early childhood

deteriorates permanently children�s lung function and increases their asthma risk
Smoking and exposure to environmental tobacco smoke increase the number of

asthma exacerbations
Although legislation has reduced the exposure to environmental tobacco smoke,

it is necessary to continue promoting nonsmoking in families and among
asthma patients.

It is important to influence the attitude of young girls to smoking to prevent
harmful effects upon the fetus during pregnancy
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environmental tobacco smoke. It is highly important to
support and advice parents, who are facing social
problems. Final conclusions and recommendation are
presented in Table 2.
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