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Smoking during pregnancy is a well-estab-
lished determinant of fetal growth and risk
of low birthweight." Maternal smoking in
pregnancy may influence the development
of the fetal respiratory system, as suggested
by findings of a relation between maternal
smoking in pregnancy and lung function im-
pairment in newborns.*~" A recent study
provided suggestive evidence that low birth-
weight is a predictor of subsequent child-
hood asthma.® There is also some evidence
that maternal smoking increases the risk of
childhood asthma.”™"

However, little is known about the causal
pathway between maternal smoking and the
risk of childhood asthma. We therefore as-
sessed the effects of maternal smoking in
pregnancy on fetal development and the
risk of asthma during the first 7 years of life
in a cohort of Finnish children born in
1987. In particular, we examined whether
the effect of smoking in pregnancy on the
risk of childhood asthma is mediated mainly
through reduced fetal growth and duration
of pregnancy.

METHODS

Data Sources and Study Population

The source population comprised all chil-
dren born in Finland in 1987 (n=60254).
Of these, we focused on the 58 841 singleton
births, following them by means of registries
for their first 7 years of life.'*"” Childhood
health data were gathered from 5 national
administrative health registries for the years
1987 through 1994.'

Information on each child’s birthweight and
gestational age as well as maternal smoking
habits during pregnancy was obtained from
the Finnish Medical Birth Registry, which was
established in 1987 and is run by the National
Research and Development Centre for Wel-
fare and Health. Information on maternal
smoking was categorical: nonsmoking, <10
cigarettes per day, and > 10 cigarettes per day.
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tional age did not.

Health Outcomes

The primary outcome of interest was
asthma. Fetal growth and preterm delivery
were used as pregnancy outcomes for the ef-
fects of maternal smoking, and determinants
and intermediate outcomes for the relation
between maternal smoking and asthma. We
used 3 different measures of fetal growth:
birthweight in g, low birthweight (<2500 g),
and small for gestational age (SGA). Preterm
delivery was defined as length of gestation
being less than 37 weeks (gestational age is
practically always verified at maternity care
clinics by ultrasound examination during the
18th week of gestation). SGA was defined ac-
cording to the Finnish population-based
growth curves.” Presence of asthma was de-
fined on the basis of at least 1 hospitalization
due to asthma (ICD-9 code 493"), at least 1
entitlement to free medication due to asthma
(ICD-9 code 493Y), or at least 1 entitlement
to special care support (which can be granted
for families with a disabled child or a child
who has a long-term illness needing continu-
ous help or surveillance) due to asthma be-
fore the age of 7 years.

Relations of Interest

Figure 1 illustrates our hypothesized causal
model, which we studied empirically by esti-
mating the relations of interest. The relation
between maternal smoking and the risk of
asthma was of primary interest. Maternal
smoking was proposed to reduce fetal growth

Objectives. We examined the relationships among maternal smoking in pregnancy, fetal
development, and the risk of asthma in childhood.

Methods. We conducted a population-based cohort study, where all 58841 singleton
births were followed for 7 years using nationwide registries.

Results. Maternal smoking increased the risk of asthma (adjusted odds ratio=1.35;
95% confidence interval=1.13, 1.62 for high exposure). Low birthweight and preterm
delivery increased the risk of asthma at the age of 7, whereas being small for gesta-

Conclusions. Maternal smoking in pregnancy increases the risk of asthma during the
first 7 years of life, and only a small fraction of the effect seems to be mediated through
fetal growth. (Am J Public Health. 2004;94:136-140)

and duration of pregnancy, and low birth-
weight and preterm delivery were expected to
be determinants of childhood asthma. The ef-
fect of maternal smoking was expected to be
partially mediated by both reduced fetal
growth and preterm delivery; they also were
proposed to have independent effects. Fur-
ther, low birthweight and preterm delivery
were possible effect modifiers of the relation
between maternal smoking and the risk of
asthma in the child.

Statistical Methods

We estimated the prevalences of the repro-
ductive outcomes with 95% confidence inter-
vals (Cls) based on the binomial distribution,
and the mean of birthweight with Cls based
on the ¢ distribution. For the dichotomous
outcomes, odds ratio (OR) was the measure of
effect. We used logistic regression analysis to
estimate adjusted ORs for the relations be-
tween maternal smoking, pregnancy out-
comes, and risk of asthma. The basic adjust-
ment was made using the following core
covariates: gender, birth order, maternal age,
marital status, and maternal occupation as an
indicator of socioeconomic status. Additional
adjustment was made for low birthweight and
preterm delivery when studying the relations
between maternal smoking and asthma, and
for maternal smoking when studying the rela-
tions between pregnancy outcomes and
asthma. Furthermore, we used a separate cat-
egory for missing information on maternal
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smoking, which was included in the logistic
regression models (results not shown). We
studied the relation between maternal smok-
ing and asthma separately among low- and
normal-birthweight children.

RESULTS

Table 1 presents the study population ac-
cording to maternal smoking in pregnancy.
Smoking was related to young age, not being
married, and low education. The follow-up
rate was 99.9 %, which eliminated the possi-
bility of selection bias.

The risk of low birthweight was 0.031
(95% CI=0.030, 0.032), the risk of SGA
was 0.020 (95% CI=0.019, 0.021), and the
risk of preterm delivery was 0.048 (95%
CI=0.046, 0.049) (Table 2). A total of 3.4%
(95% CI=3.3, 3.5) of the children were diag-
nosed with asthma by age 7 years.

All the indexes of fetal growth and preterm
delivery were related to maternal smoking
with a clear exposure—response pattern
(Table 2). The average birthweight was 250 g
lower among the newborns of mothers who
smoked more than 10 cigarettes per day com-
pared with newborns of nonsmoking moth-
ers. The risk of low birthweight was more
than 2-fold, that of preterm delivery approxi-
mately 1.5-fold, and that of SGA more than
3-fold in newborns of heavy smokers. These
risk estimates were reduced only modestly
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FIGURE 1—The hypothesized causal model of the effect of maternal smoking in pregnancy
on childhood risk of asthma. Solid arrows indicate a causal relationship; the broken arrow

after adjustment for known determinants of
these pregnancy outcomes (Table 3).

Low birthweight and preterm delivery in-
creased the risk of asthma, whereas SGA did
not (Table 4). Adjustment for core covariates
slightly increased the effect estimate for low
birthweight, whereas additional adjustment
for maternal smoking had no influence. The
effect estimate for preterm delivery was sta-
ble in both types of adjustment. The relation
between SGA and the risk of asthma was
close to unity.

The risk of developing asthma during
the first 7 years of life was related to ma-
ternal smoking (Table 5). The OR adjusted
for gender, birth order, maternal age, and
an index of socioeconomic status was 1.23
(95% CI=1.07, 1.42) for light maternal
smoking and 1.35 (95% CI=1.13, 1.62)
for heavy maternal smoking during preg-
nancy. Further adjustment for birthweight
and gestational age decreased the risk es-
timates only slightly, indicating that the
majority of the influence was not due to
these pregnancy outcomes. The adjusted
OR for any maternal smoking was 1.27
(959% CI=1.13, 1.43). We further elabo-
rated the relations between maternal
smoking and asthma separately in normal-
and low-birthweight children. The ad-
justed OR in normal-birthweight children
was 1.24 (95% CI=1.07, 1.43) for light
maternal smoking and 1.34 (95%

CI=1.11, 1.62) for heavy maternal smok-
ing. In low-birthweight children, the corre-
sponding ORs, 1.13 (95% CI=0.63, 2.04)
and 0.95 (95% CI=0.50, 1.78), indicated
no association.

DISCUSSION

In our large cohort study, the risks of low
birthweight, SGA, and preterm delivery were
strongly related to maternal smoking in preg-
nancy, with a distinct exposure—response pat-
tern. Low birthweight and preterm delivery
increased the risk of asthma by 83% and
649%, respectively. The risk of developing
asthma during the first 7 years was 25%
higher in children whose mother smoked less
than 10 cigarettes per day during pregnancy
and 360% higher in children whose mothers
smoked more than 10 cigarettes per day. The
effect of maternal smoking was only slightly
reduced when taking into account fetal
growth and preterm delivery, indicating that
only a small fraction of the effect is mediated
through these pregnancy outcomes.

Validity of Results

The source population comprised all chil-
dren registered as born in Finland in 1987.
For the purposes of this study, we focused on
singleton births. The Finnish Birth Registry
receives information on practically all the
children born in Finland.”

We expected to identify almost all diag-
nosed cases of asthma through the use of reg-
istries recording subsidized drug and other
treatment. The National Social Insurance In-
stitute covers all residents of Finland and pro-
vides 75% reimbursement for asthma med-
ications for those with asthma who fulfill the
institute’s diagnostic criteria. This reimburse-
ment right was given for lifetime until the
early-mid 1990s, when the system changed
so that, for new cases, use of medication is re-
quired for 6 months before the patient gets
the reimbursement right, and this right can be
for only a limited time period. The reimburse-
ment right for asthma is indicated with a
number on the patient’s Social Insurance
card. Registry information on special support
and hospital discharge registration served as
complementary information on persons not
receiving drug treatment.
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TABLE 1—Characteristics of the Study Population, by Maternal Smoking Level During
Pregnancy: The Finnish 1987 Birth Cohort
Nonsmoking <10 Cigarettes per Day =10 Cigarettes per Day Total
(n=47848),% (n=5729), % (n=3055), % (n=58841%), %
Child's gender
Male 51.1 51.5 52.7 51.2
Maternal age, y
<19 24 8.1 71 3.2
20-25 19.1 30.0 215 20.7
26-30 375 320 29.9 36.5
31-35 271 20.9 23.0 26.2
36-40 11.3 7.6 10.4 10.9
>40 25 1.4 2.1 2.4
Parity
Nulliparous 38.8 46.6 411 39.7
1 36.2 334 33.7 34.9
2 16.6 14.2 16.1 15.9
3 48 4.1 6.1 4.7
=4 3.6 1.6 28 33
Marital status
Married 85.6 62.2 54.5 79.8
Cohabiting 10.0 24.3 28.0 12.3
Single 4.3 13.3 17.3 5.9
Maternal occupation
Entrepreneur or farmer 1.7 1.7 20 1.7
Upper white collar 14.9 5.4 4.4 135
Lower white collar 50.5 44.1 38.7 49.1
Blue collar 18.7 331 382 211
Student 32 35 25 33
Homemaker 74 8.9 9.7 7.6
Other or unknown 3.6 33 45 3.7
*Includes 2209 subjects with missing information on maternal smoking.

The only potential source of selection bias
was the lack of information on smoking in
pregnancy. This information was missing for
only 3.8% of the mothers. Therefore, even in

Level During Pregnancy

the worst-case scenario, the magnitude of bias
would be small. Information on smoking in

pregnancy and other relevant factors was col-
lected before the onset of asthma, minimizing

TABLE 2—Mean Birthweight and Risks of Adverse Pregnancy Outcomes, by Maternal Smoking

the possibility of information bias. We cannot
fully exclude the possibility that information
on maternal smoking may have influenced
the diagnosis made by the physicians, but in
our opinion, this should be of minor concern.

We were able to control for a relatively
large number of potential confounders. How-
ever, due to registry-based data collection, we
did not have information on family smoking
habits after the birth. Maternal smoking in
pregnancy and postnatal exposure to environ-
mental tobacco smoke (ETS) from maternal
smoking are strongly correlated. Therefore, ef-
fect estimates calculated for smoking in preg-
nancy probably also include a partial effect of
ETS exposure during childhood. The targets
for the prevention of asthma include prevent-
ing young women from starting to smoke and
helping them to quit before or during preg-
nancy. The smoking of the father and other
family members is also to some extent related
to maternal smoking in pregnancy and thus to
fetal and childhood exposure to ETS.

Synthesis With Existing Knowledge

The relation between parental smoking
and childhood asthma has mainly been stud-
ied with a focus on postnatal exposure, either
combining or separating smoking of both par-
ents, whereas fewer studies have addressed
the role of smoking in pregnancy.”* Cross-
sectional studies focusing on current parental
smoking and the presence of asthma are
likely to underestimate the studied relation,
because parents are likely to reduce smoking
at least in the presence of the child after the
beginning of early symptoms and signs or di-
agnosis of asthma in the child. Strachan and
Cook™ reported results of a meta-analysis of
8 longitudinal studies of asthma and wheez-

Mean Birthweight Low Birthweight (<2500 g) Small for Gestational Age Preterm Delivery (< 37 Weeks)
Exposure Category n g(95% Cl) Risk (95% Cl) Risk (95% CI) Risk (95% Cl)
No smoking 47848 3605 (3600, 3610) 0.027 (0.025, 0.029) 0.015 (0.014,0.016) 0.045 (0.043,0.048)
<10 Cigarettes per day 5729 3431 (3417, 3446) 0.045 (0.039, 0.051) 0.040 (0.034, 0.045) 0.052 (0.046, 0.058)
>10 Cigarettes per day 3055 3344 (3323, 3365) 0.065 (0.054,0.073) 0.058 (0.047,0.066) 0.070 (0.059, 0.079)
Total 58841 3570 (3560, 3580) 0.031 (0.030,0.032) 0.020 (0.019,0.021) 0.048 (0.046, 0.049)

Note. Cl = confidence interval.

138 | Research and Practice | Peer Reviewed | Jaakkola and Gissler

American Journal of Public Health | January 2004, Vol 94, No. 1




‘ RESEARCH AND PRACTICE ‘

TABLE 3—Crude and Adjusted Odds Ratios (ORs) for Adverse Pregnancy Outcomes, by Maternal
Smoking Level During Pregnancy

Low Birthweight (<2500 g) Small for Gestational Age Preterm Delivery (< 37 Weeks)
Exposure Category Crude OR (95% CI) Adjusted OR (95% Cl) Crude OR (95% CI) Adjusted OR® (95% Cl) Crude OR (95% CI) Adjusted OR® (95% CI)
No smoking 1.00 1.00 1.00 1.00 1.00 1.00
<10 cigarettes per day 1.68 (1.46,1.92) 1.64 (1.43,1.88) 2.71(2.33,3.15) 2.59 (2.22,3.01) 1.13(1.00, 1.29) 1.12 (0.98, 1.26)
>10 cigarettes per day 2.39 (2.05,2.79) 2.23(1.91,2.61) 3.90 (3.30,4.62) 3.74 (3.15,4.43) 1.55(1.34,1.79) 1.45 (1.26, 1.68)

Note. Cl = confidence interval.
*Logistic regression analysis: adjusted for the core covariates including gender, birth order, maternal age, marital status, and index of socioeconomic status.

Age of 7, by Adverse Pregnancy Outcome

TABLE 4—Risks and Crude and Adjusted Odds Ratios (ORs) for Diagnosis of Asthma by the

Core Covariates Plus

Core Covariates® Maternal Smoking®

Determinants Risk Crude OR (95% CI)  Adjusted OR (95% Cl)  Adjusted OR (95% Cl)

Low birthweight (<2500 g)

No 0.033 1.00 1.00 1.00

Yes 0.058 1.69 (1.38,2.06) 1.83(1.50,2.24) 1.83 (1.50, 2.24)
Small for gestational age

No 0.034 1.00 1.00 1.00

Yes 0.030 0.89 (0.63,1.24) 0.93 (0.66, 1.30) 0.92 (0.66, 1.30)
Preterm delivery (< 37 Weeks)

No 0.033 1.00 1.00 1.00

Yes 0.054 1.63(1.38,1.94) 1.64 (1.38,1.95) 1.64 (1.38,1.95)

Note. Cl=confidence interval.

index of socioeconomic status.

ing, assessing the incidence rather than preva-
lence of asthma as the outcome. The inci-
dence of asthma or wheezing was related to
maternal smoking, but the effect was stronger
in the first 5 to 7 years of age (for 4 of the
studies, summary OR=1.31 [95% CI=1.22,
1.41]) than during the school years (summary

*Logistic regression analysis: adjusted for the core covariates including gender, birth order, maternal age, marital status, and

OR=1.13 [95% CI=1.04, 1.22]). The effect
estimate of maternal smoking in the present
study, 1.27 (95% CI=1.13, 1.43), is similar
to the summary estimate from the meta-anal-
ysis, although the present study did not take
into account postnatal exposure or the
mother’s exposure to ETS during pregnancy.

TABLE 5—Risks and Crude and Adjusted Odds Ratios (ORs) for Diagnosis of Asthma by the Age of 7,
by Maternal Smoking Level During Pregnancy

Two longitudinal studies and a cross-sec-
tional study of asthma and asthma-like symp-
toms published after this meta-analysis elabo-
rated the role of in utero exposure.”'* In a
2-year cohort study of 3754 children born in
Oslo, the risk of bronchial obstruction in-
creased in children exposed to ETS com-
pared with unexposed children, with an ad-
justed OR of 1.6 (95% CI=1.3, 2.1).* A
similar effect was seen in relation to both
maternal and paternal smoking alone. Paren-
tal smoking at the time of the child’s birth
was used as the measure of exposure to elim-
inate the selective reduction of exposure due
to early symptoms and signs. Results from a
cohort study of 499 children of asthmatic or
allergic parents from Boston suggest that ma-
ternal smoking in pregnancy predominantly
determines the development of early symp-
toms of asthma." The risk of repeated
wheezing episodes during the first 12 months
was related to maternal smoking in preg-
nancy, with a relative risk of 1.83 (95%
CI=1.12, 3.00). The addition of paternal
smoking did not add to the predictive power
of maternal smoking.

Core Covariates
Core Covariates Plus Birthweight
Core Covariates® Plus Birthweight® Plus Gestational Age®
Exposure Category Risk (95% Cl) Crude OR (95% Cl) Adjusted OR (95% Cl) Adjusted OR (95% Cl) Adjusted OR (95% Cl)
No smoking 0.033 1.00 1.00 1.00 1.00
<10 Cigarettes per day 0.041 (0.036,0.047) 1.25(1.09, 1.44) 1.23(1.07,1.42) 1.19(1.03,1.37) 1.20 (1.04,1.38)
>10 Cigarettes per day 0.045 (0.037,0.054) 1.36 (1.14,1.63) 1.35(1.13,1.62) 1.29 (1.08, 1.54) 1.31(1.09, 1.58)

Note. CI =confidence interval.
*Logistic regression analysis: adjusted for the core covariates including gender, birth order, maternal age, marital status, and index of socioeconomic status.
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Evidence of the relative importance of pre-
natal exposure was provided by a recent cross-
sectional study of 5762 California school-
children with a retrospective recording of in
utero, previous, and current exposure." In
utero exposure to maternal smoking without
subsequent postnatal exposure to ETS was re-
lated to the presence of asthma in 4th-, 7th-,
and 10th-grade children, with an adjusted OR
of 1.8 (95% CI=1.1, 2.9). In contrast, current
or previous exposure to ETS was not associ-
ated with asthma risk, but the risk of lifetime
wheezing was increased, with an OR of 1.3
(95% CI=1.1, 1.5).

Our study was, to our knowledge, the first
attempt to assess whether fetal growth and
preterm delivery lie in the causal pathway
between maternal smoking in pregnancy and
development of asthma in childhood. As we
expected from previous literature,' maternal
smoking was a strong determinant of the
studied pregnancy outcomes. Further, all 3
pregnancy outcomes were determinants of
asthma. Similar findings were reported re-
cently in a Danish study of 4795 male con-
scripts,® in which the adjusted OR of asthma
related to low birthweight (<2500 g) was
1.5 (95% CI=0.7, 3.1), compared with con-
scripts with a birthweight of 3001 to 3500
g. However, the adjusted OR related to pre-
term delivery (<37 gestational weeks) was
0.8 (95% CI=0.3, 2.0), compared with con-
scripts born at term.

Concluding Remarks

Consistent with our prior hypothesis, the
risk of asthma in the children we studied was
related to maternal smoking in pregnancy.
Adjustment for birthweight and gestational
age reduced the relation between maternal
smoking only slightly, which meant that most
of the effect was not mediated through fetal
growth or preterm delivery. The fraction ex-
plained by fetal growth and preterm delivery
would probably be higher when taking into
account postnatal maternal smoking and pa-
ternal smoking, which are likely to be related
to prenatal maternal smoking.

The present findings summarize the harm-
ful effects of maternal smoking both on fetal
development and for development of asthma
in children. Maternal smoking in pregnancy
increases the risk of asthma during the first
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7 years of life. Low birthweight and preterm
delivery are independent determinants of
asthma, but only a small fraction of the effect
of maternal smoking on asthma seems to be
mediated through fetal growth. m
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