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BACKGROUND: Whether in utero exposure to tobacco smoke increases a woman's risk of fetal loss later in life is unknown, though data
on childhood exposure suggest an association may exist. This study evaluated the association between in utero exposure to tobacco smoke
and fetal loss in the Norwegian Mother and Child Cohort Study (MoBa), which enrolled ~40% of the pregnant women in Norway from 1999
to 2008.

METHODS: Information on exposure to tobacco smoke in utero, the woman'’s own smoking behavior during pregnancy and other factors
was obtained by a questionnaire completed at ~ |7 weeks of gestation. Subsequent late miscarriage (fetal death <20 weeks) and stillbirth
(fetal death >20 weeks) were ascertained from the Norwegian Medical Birth Registry. This analysis included 76 357 pregnancies (MoBa data
set version 4.301) delivered by the end of 2008; 59 late miscarriages and 270 stillbirths occurred. Cox proportional hazards models were fit
for each outcome and for all fetal deaths combined.

RESULTS: The adjusted hazard ratio (HR) of late miscarriage was 1.23 [95% confidence interval (Cl), 0.72—2.12] in women with exposure
to maternal tobacco smoke in utero when compared with non-exposed women. The corresponding adjusted HR for stillbirths was | .11 (95%
Cl, 0.85—1.44) and for all fetal deaths combined, it was |.12 (95% CI, 0.89—1.43).

CONCLUSIONS: The relatively wide Cl around the HR for miscarriage reflected the limited power to detect an association, due to enroll-
ment around |7 weeks of gestation. However, for in utero exposure to tobacco smoke and risk of stillbirth later in life, where the study power

was adequate, our data provided little support for an association.
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Introduction

Smoking during pregnancy has been considered a cause of fetal growth
restriction, low-birthweight, stillbirth, sudden infant death syndrome
and reduced lung function in offspring (USDHHS, 2004; Hogberg
and Cnattingius, 2007). Such exposure has also been consistently
associated with neonatal death and respiratory diseases in offspring,
though causality is not established (USDHHS, 2004). In utero exposure
to tobacco smoke has been associated with childhood obesity and
neurobehavioral disorders (Linnet et al., 2003; Oken et al., 2008),
though recent studies among siblings indicate that these associations,

when present, may be due to confounding (Lambe et al., 2006;
Lundberg et al, 2009; lliadou et al, 2010; Lindblad and Hjern,
2010). Questions regarding long-term effects of in utero exposure to
tobacco smoke also apply to several outcomes among adults, which
have been less studied. Among young adults, carotid wall thickening,
high cholesterol, impaired glucose metabolism and type-2 diabetes
have been reported in association with in utero smoking (Montgomery
and Ekbom, 2002; Thomas et al., 2007; Geerts et al., 2008; Jaddoe
et al, 2008). Previous studies suggest that men and women
exposed to maternal tobacco smoking in utero may experience
decreased fecundability later in life (Jensen et al., 2006; Ye et dl.,

Published by Oxford University Press 2010.



In utero tobacco smoking and risk of fetal loss

459

2010); in women, early age at menopause has also been reported
(Strohsnitter et al., 2008). A recent finding suggests that the number
of oocytes available in adult life may be compromised by in utero
exposure to tobacco smoking from the mother in the first trimester
(Lutterodt et al., 2009), which may explain, in part, the previous find-
ings on fecundability and menopause. Associations with other adverse
reproductive end-points such as the risk of pregnancy loss in women
who were exposed to their mother’s tobacco smoking in utero have
not yet been examined.

Childhood exposure to parental tobacco smoke, however, was
recently associated with an increased risk of spontaneous miscarriage
in women who conceived after use of assisted reproductive technol-
ogy (ART) (Meeker et al., 2007). Although women who conceive by
ART may be at a higher risk of stillbirths compared with fertile
women (Wisborg et al., 2010), this study by Meeker et al. lacked
power to assess the risk of stillbirths. In the present study, we evalu-
ated the association between in utero exposure to maternal tobacco
smoking and the daughter’s risk of miscarriages and stillbirths later
in life in a large prospective cohort.

Materials and Methods

This study is based on the Norwegian Mother and Child Cohort Study
(MoBa), conducted by the Norwegian Institute of Public Health (Magnus
et al., 2006). In brief, MoBa is a cohort based on 107 000 pregnancies
recruited from 1999 to 2008. The majority of all pregnant women in
Norway were invited to participate, and the participation rate was
around 44%. Participants were recruited to the study through a postal invi-
tation before a routine ultrasound examination offered to all pregnant
women in Norway at |7—18 weeks of gestation (www.fhi.no/
morogbarn). Some women in the cohort participated with more than
one pregnancy. The present study is based on version 4.301 of the
quality-assured data files released for research in December 2009. The
study was approved by The Regional Committee for Medical Research
Ethics and the Norwegian Data Inspectorate. Informed consent was
obtained from each participant.

Exposure assessment

Exposure to tobacco smoke in utero was collected from a self-administered
questionnaire filled out at enroliment (Q-1). The woman was asked: ‘Did
your mother smoke when she was pregnant with you? For women with
more than one pregnancy in the MoBa cohort, the consistency of
answers across pregnancies was verified. In general, if the women gave
two different answers in two consecutive pregnancies (e.g. yes/no; no/
yes; no/don’t know; yes/don’t know), the answers were considered
inconsistent and therefore excluded from the analysis. However, if the
first answer was ‘Don’t know’ and then she gave a different answer
after that (yes or no), we used the latter under the assumption that the
women had asked to her mother about her exposure in utero. Q-1 (and
later questionnaires) had no questions on exposure to cigarette smoking
during childhood.

Among the participants born in 1967 or later [when the Medical Birth
Registry (MBR) of Norway was created (n = 62 099)], birthweight was
available for 89.8% and was used as a surrogate to validate their reported
in utero exposure to maternal tobacco smoke.

Outcomes

Fetal deaths were ascertained from the Norwegian MBR. Late miscarriages
were defined as a fetal death that occurred before 20 weeks of gestation

(140 days) and stillbirths as fetal deaths that occurred at >20 weeks of
gestation (ACOG, 2009). Because the median gestational age (GA) at
enrollment was |7.] weeks (120 days), we anticipated a small number
of late miscarriages. GA at the end of the pregnancy was calculated (in
days) using the first day of the last menstrual period. For some women
whose last menstrual period was not available, we used GA estimated
from the pregnancy ultrasound. When the difference in GA estimated
with the last menstrual period and ultrasound exceeded 2 weeks, the
GA based on ultrasound was used.

Covariates

Information on women’s age, pre-pregnancy body mass index (BMI, kg/
m?), parity, education, income, the use of IVF, smoking during pregnancy,
exposure to second-hand tobacco smoke (SHTS), binge drinking during
pregnancy and partner’s age was collected at enrollment by questionnaire.
SHTS during pregnancy was defined as any passive exposure to tobacco
smoke at home or work (yes/no). Binge drinking was defined as five or
more alcohol units per occasion.

For the present analysis, we included all pregnancies with information
on the first questionnaire (Q-1, completed around 17 weeks of gestation)
and with corresponding outcome data in the MBR, which included deliv-
eries through 2008 (n= 91 306). Pregnancies that ended in multiple
births (e.g. twins and triplets) were excluded (n = 3296). For women
with more than three pregnancies in MoBa, we excluded the fourth
MoBa pregnancy (n = 15). Other observations (n = 1044) were excluded
because of missing values in one the following variables: GA at Q-I,
women’s smoking during pregnancy and pre-pregnancy BMI. Additionally,
observations were excluded from the main analysis (n = 10 594) if, for in
utero tobacco smoking, there were missing values, unknown exposure or
inconsistent answers (i.e. two different answers in two consecutive preg-
nancies: yes/no; no/yes; no/don’t know; yes/don’t know). Most of the
inconsistencies (1446/1524) were present in women with only two preg-
nancies in MoBa. After all the exclusions, a total of 76 357 pregnancies
from 66 240 women were available for the analysis (9111 women partici-
pated with two pregnancies and 503 with three pregnancies) (Fig. ). We
included more than one pregnancy per women in the analysis.

Statistical analysis

Kaplan—Meier survival curves are presented for all fetal deaths according
to woman'’s in utero exposure to her mother’s tobacco smoke. Cox pro-
portional hazard models were used to evaluate the women’s risk of late
miscarriages and stillbirths as separate outcomes, and after combining
both in one overall model (all fetal deaths). The proportional hazard
assumption was tested and corroborated for each model. Robust standard
errors (SEs) were estimated to correct for the non-independence of the
observations produced by women who participated with more than one
pregnancy (Lin and Wei, 1989). GA (days) at filling-out the first question-
naire was entered into the model as the beginning of the risk period to
correct for delayed entry (i.e. not every women was recruited at exactly
the same GA). GA (days) at the end of the pregnancy was used as the
time variable. Live births as well as medical abortions (n = 59) were cen-
sored at the GA when the pregnancy ended. For the analysis of late mis-
carriages, pregnancies that continued beyond GA day 140 were censored
at that point. In addition, if Q-1 was completed at GA day 140 or later, the
pregnancy was excluded from the analysis of late miscarriages (n=
I'l 743). For stillbirths, the beginning of risk period started at Day 140
of GA; thus, pregnancies that ended before Day 140 were excluded
(n=94).

Women who reported any miscarriage or stillbirth were more likely to
participate in MoBa with more than one pregnancy (i.e. the cluster size
was informative); therefore, we also fitted parametric shared frailty survival
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Figure | Selection of sample for analysis of in utero exposure to maternal tobacco smoke® and the daughter’s risk of fetal loss later in life in the
MoBa cohort. Abbreviations: BMI, body mass index; MBR, Medical Birth Registry; QI, questionnaire-1. *Asked in the first MoBa questionnaire as:
Did your mother smoke when she was pregnant with you? PBased on data set version 4.301.

models (exponential and Weibull with gamma shared frailties) (Gutierrez,
2002). Because the results from the shared frailty models were compar-
able with those obtained from the Cox model with robust SEs, we
present only the results obtained from the Cox models.

All models included in utero smoking as the main exposure and were
adjusted for women’s age as an a priori selected variable. Confounding
was evaluated in models using the change in estimate method, starting
with all variables and deleting one by one in a stepwise way (Greenland,
1989). Potential confounders entered in the full models were women'’s
pre-pregnancy BMI, education, number of cigarettes smoked per day
during pregnancy, SHTS at home or work, binge drinking and partner’s
age. Parity was not considered as a potentially confounding variable
because its inclusion may cause over adjustment (Weinberg, 1993).
Although none of the tested variables caused >10% change in the
hazard ratio (HR) for in utero smoking, the final models were adjusted
for pre-pregnancy BMI and number of cigarettes smoked per day during
pregnancy in addition to age, because they were statistically significant pre-
dictors of the outcomes.

Interaction between the woman’s in utero smoking exposure and her
own smoking behavior during pregnancy was tested in the final models
for stillbirths and for all fetal deaths combined. For late miscarriages, we
did not have enough power to test this interaction; therefore, we
restricted the analysis to only women who did not smoke during preg-
nancy. Because in utero exposure to maternal tobacco smoke has been
associated with decreased fecundability, we tested the interaction
between the woman’s in utero smoking and her use of IVF in the final

models for stillbirths and for all fetal deaths combined. Again, for miscar-
riages we restricted the analysis to only never users of IVF treatment as
reported by the women. Interactions of in utero smoking with parity
were also evaluated in all the final models. All analyses were done using
Stata (Stata Statistical Software, release 10.I; StataCorp, College Station,
TX, USA).

Results

Women exposed to their mother’s tobacco smoke in utero differed
from those with no exposure (Table ). Women who reported
being exposed to tobacco smoke in utero were lighter at birth com-
pared with those not exposed; this was observed among all births
and among those born after 37 completed weeks of gestation. The
adjusted birthweight difference (non-exposed-exposed, adjusted for
GA, age and parity of the participant’s mother) was 193 g for all
births and 202 g for term births (data not shown). Exposed women
were also younger, had less education, lower income, and were
more likely to be overweight or obese and to have a young partner.
Additionally, women with in utero exposure to tobacco smoke were
more likely to smoke daily and to smoke |0 or more cigarettes per
day during pregnancy; they also reported more exposure to SHTS
at home or work (Table ).
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Table I Characteristics of the women according to Table I Continued

their in utero exposure to maternal tobacco smoke in

. b
the MoBa cohort?. Exposed to tobacco smoke in utero

: N = 55081 Y =21276
Exposed to tobacco smoke in utero® (%(;][(n ) (;:)s] L )

N = 55081 Y =121276
oI(n ) es [(n ) SHTS during pregnancy (home or work)®

)] ()] :
........................................................................................ : No 90.8 83.3
Mearz birth weight 3547 (493) 3328 (495) Yes 9.0 16.6
SD :
D) Missing 0.2 0.2
A
ge (yean) Any tobacco exposure during pregnancy®
<20 [.1 2.1
None 75.5 59.0
20-24 10.8 13.8
Stopped while 1.8 I5.1
25-29 352 36.0 : pregnant
30-34 37.6 355 : SHTS only 7.1 10.0
35-39 13.5 .z : Active only 3.7 9.3
40+ 1.7 1.0 SHTS and active 1.9 6.6
Parity Binge drink during pregnancy®
0 46.8 43.3 No drinker 32.0 28.9
' 34.0 357 : Never 58.0 60.0
2 15.0 le.1 : < month 4.5 5.1
3+ 43 4.9 : 1-3 month 0.4 0.4
Pre-pregnant BMI (kg/m?) I+ week 0.2 0.2
<185 34 28 Missing 50 5.4
18.6 to <25.0 67.3 582 Partner’s age (year)
25.0 to <30.0 20.9 25.7 <20 02 0.5
30.0+ 8.4 13.3 20-24 40 6.0
Education : 25-29 223 245
<High School 6.3 12.5 30-34 38.8 383
High School 25.5 348 35.-39 23.9 22.0
Some college 422 36.0 40+ 10.4 83
College + 243 14.8 Missing 04 05
Other 1.3 1.6 : IVF treatment
Missing 0.4 0.3 No 96.7 96.9
Gross income year (USD) : Current pregnancy 23 2.0
No income 2.7 2.5 In the past 1.0 1.
<23 135 15.5 17.6
Abbreviations: BMI, body mass index; SD, standard deviation; SHTS, second-hand
23 135-30 846 108 13.3 tobacco smoke; USD, US dollars.
30 847-46 269 345 35.1 : P values from Pearson’s y2 or Fisher's exact test were <0.001 for all categorical
: variables listed in the table.
46270-61693 233 203 : ?Based on 76 357 pregnancies from 66 240 women.
61 694-77 116 6.5 52 PAsked in the first MoBa questionnaire as: Did your mother smoke when she was
>77 116 4 32 pregnant with you?

o “Based on a subset of the participants who were born in 1967 or later and had
Missing 2.6 2.9 available birthweight in the Norwegian MBR (n = 55 789; of whom 29.6 % were
Smoked during pregnancyd exposed). Among those born after 37 completed weeks of gestation (n = 51 751),

the mean birthweights (SD) were: no—3573 (462); yes—3366 (457).

No 80.6 65.6 9Reflects woman’s exposure at ~ |17 weeks of gestation from first MoBa

Stopped while 13.8 18.5 questionnaire.

pregnant . For the subset of women who smoked during pregnancy.

Sometimes 1.3 2.1

Daily 43 13.7 The proportion of women who were exposed to tobacco smoke in
Number of cigarettes®® utero varied by year of birth, and higher percentages were observed

<10 cigarettes/day 3.8 8.9 among women born in 1971 or later when compared with those

10+ cigarettes/day 1.8 7.0 born before (Table II).

A total of 329 fetal deaths from 76 357 pregnancies were recorded.

CopinEs As expected, few of the deaths occurred before week 20 of gestation
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Table Il Reported in utero exposure to maternal tobacco smoke by year of birth among women in the MoBa cohort, and
proportion of women who smoked in Norway during the corresponding calendar years.

Reproductive aged women (Norway)

Pregnant women (MoBa)

Post-partum period (Norway)

Calendar year % of women who smoked? Birth year®
1951-1965 37 1954—1965
1966—1970 47 1966—1970
1971-1975 41 1971-1975
19761980 41 19761980
1981-1990 41 1981-1992

32.8

1966—1970 38
19711975 37
1976—1980 31
1981-1991 29

*Value shown is an average calculated from data in Ronneberg et al. (1994). The age range is 21 —45 years for all calendar years, except for 1976—1980 (age range, 26—40 years).
®Distribution of the women by categories of birth year: 3.7, 18.9, 38.7, 28.8 and 9.9%.
“Asked in the first MoBa questionnaire as: Did your mother smoke when she was pregnant with you?.

9The values were obtained from Haug et al. (1992).
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Figure 2 Kaplan—Meier survival curves for all fetal deaths by
in utero exposure to tobacco smoke (Asked in the first MoBa ques-
tionnaire as: Did your mother smoke when she was pregnant with
you?) in the MoBa cohort.

[59 (17.9%)] because of the study design. Most of the stillbirths
occurred before week 40 [20—-29.9 weeks, 105 (31.9%); 30-39.9
weeks, |13 (34.4%)] and only 52 (15.8%) occurred at 40 weeks or
later. Overall, exposure to tobacco smoke in utero was relatively fre-
quent (28%); pregnancies ending in fetal deaths reported slightly
higher percentages of in utero smoking (31%) than pregnancies
ending in live births (28%). The percentage exposed was comparable
across miscarriages (32%) and stillbirths (31%).

The risk of fetal death at any time during pregnancy was slightly
higher in the group of women with in utero exposure to tobacco
smoke (Fig. 2). After adjusting for women’s characteristics, the HR
of late miscarriage was 1.23 among women exposed to tobacco
smoke in utero compared with the non-exposed (Table IIl). The
adjusted HR for stillbirth was I.11 and that for all fetal deaths com-
bined was 1.12. The effect of adjustment for other covariates in the
models for stillbirths and all fetal deaths was an attenuation of the
HR. None of these results reached statistical significance. Limiting
the analysis to the woman’s first pregnancy in MoBa (n = 66 240),

we observed slightly higher adjusted HRs for miscarriages (HR =
|.56; 95% CI, 0.87-2.78) and for all fetal deaths combined
(HR=1.16; 95% CI, 0.91-1.49), but a similar HR for stillbirths
(HR = 1.10; 95% CI, 0.83—1.45) (data not shown).

When we restricted the analysis to women who did not smoke
during pregnancy, the adjusted HR of late miscarriage with in utero
exposure to tobacco smoke was little changed (Table Ill). In the
models for stillbirths and all fetal deaths combined, statistically signifi-
cant interactions between the woman'’s in utero exposure to tobacco
smoke and her own smoking during pregnancy was observed (P for
interaction < 0.05). Thus, we fitted Cox models stratified by
smoking during pregnancy. In the strata of women who did not
smoke during pregnancy, the adjusted HRs of in utero smoking were
below one for stillbirths (HR = 0.93) and for all fetal deaths combined
(HR = 0.96). Among women who stopped smoking during pregnancy,
statistically significant higher risks of stillbirths (adjusted HR = 2.31)
and any fetal deaths (adjusted HR = 1.82) with in utero smoking
exposure were observed. For the subset of women who continue
smoking early in pregnancy the adjusted HR of stillbirth was 1.04
and for all fetal deaths was 1.27 (Table III).

Among women who reported never using IVF treatment in the past
or for the current pregnancy, the adjusted HR of late miscarriage was
I.16 (95% CI, 0.67—2.01) for those with in utero exposure to tobacco
smoke compared with non-exposed (data not shown). No statistically
significant interactions between in utero smoking exposure and IVF
treatment were observed in the models for stillbirths (P interaction =
0.26) or for all fetal deaths combined (P interaction = 0.50). No sig-
nificant interaction was observed for in utero exposure and parity in
any models (P interactions > 0.44).

Discussion

Overall, an association between in utero exposure to maternal tobacco
smoke and the daughter’s risk of fetal loss later in life was not sup-
ported in these data. A slightly increased risk of late miscarriages in
women who reported being exposed to tobacco smoke in utero was
observed but the estimate was imprecise. The findings for miscarriage
and stillbirth were the same when the analysis was restricted to
women who were non-smokers as adults (the majority).
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Table 111 HRs of fetal death by in utero exposure to
maternal tobacco smoke?® in the women from the MoBa
cohort.

All pregnancies
n (n=176357)°

HR  95% CI°

Miscarriage (fetal death at <20 week)? 59

Unadjusted .21 0.70-2.08
Age adjusted 1.27  0.73-2.19
Fully adjusted® 123 0.72-2.12
Stratified by smoking during pregnancy'
No 44 .18  0.61-2.29
Stillbirth (fetal death at >20 week)" 268
Unadjusted .18 091-1.53
Age adjusted 122 0.94-1.58
Fully adjusted® .1l 0.85-1.44
Stratified by smoking during pregnancy"
No 190 0.93 0.66-1.30
Stopped while pregnant 41 231 1.26-4.24
Yes 37 .04 0.56-1.96
All fetal deaths combined 329
Unadjusted .18 0.93-1.49
Age adjusted .22 0.96-1.54
Fully adjusted® .12 0.89-1.43
Stratified by smoking during pregnancyf'g
No 236 0.96 0.71-1.30
Stopped while pregnant 52 .82 1.05-3.15
Yes 41 .27  0.69-2.32

*Asked in the first MoBa questionnaire as: Did your mother smoke when she was
pregnant with you?

®From 66 240 women.

“Robust SEs were estimated taking into account the intragroup correlation (i.e.
women with more than one pregnancy) in the Cox proportional hazard models.
9Excludes | | 743 pregnancies that entered to the risk set at or after 20 weeks of GA.
®Adjusted for maternal age (years), pre-pregnancy BMI (kg/m?) and number of
cigarettes smoked at ~ 17 weeks of gestation [no smoked (reference), stopped
during pregnancy, <10 cigarettes/day and > |0 cigarettes/day]. For the
miscarriage model, frequency of smoking at ~ |7 weeks of gestation [no smoked
(reference), have stopped and yes] was used instead of number of cigarettes
smoked. Global test for the proportional hazard assumption for all models gave P
values >0.35.

fAs reported by the women at ~ |7 weeks of gestation in the first MoBa
questionnaire.

&Stratified models were adjusted for woman’s age (years) and pre-pregnancy BMI
(kg/m?).

PExcludes 88 pregnancies that ended before 20 weeks of GA plus six pregnancies
ending at 20 weeks.

We also observed that women who stopped smoking while preg-
nant had a statistically significant higher risk of stillbirths or any fetal
deaths if they were exposed to tobacco smoke in utero. Compared
with  women who continued to smoke, women who stopped
smoking during pregnancy were less likely to have second hand
tobacco exposure, and more likely to binge drink during pregnancy,

to be nulliparous, and to have higher education and income. In
addition, these women smoked less before pregnancy (data not
shown). Previous studies have also shown that women who quit
smoking during pregnancy tend to have smoked less before pregnancy
(<20 cigarettes/day), and are more likely have higher education and
income (Hakansson et al., 1999; Solomon and Quinn, 2004). For each
of the attributes associated with smoking cessation during pregnancy,
we evaluated whether they modified the association of in utero
smoking with fetal loss. None accounted for the effect modification.
However, after excluding women who smoked |0+ cigarettes/day
before pregnancy, the effect of modification observed by a woman'’s
own smoking status during pregnancy was no longer there (data not
shown). Perhaps the finding was due to an abrupt, large change in
exposure to nicotine, or to an unmeasured factor correlated with
smoking cessation in pregnancy.

To date, no previous results on in utero tobacco smoke and
women'’s risk of fetal loss later in life have been reported. Women
who smoke during pregnancy tend to continue smoking after the
child is born (Weinberg et al., 1989; Tong et al., 2009), thus studies
of childhood exposure to tobacco smoke might be expected to give
results somewhat comparable to ours. Two studies, however, evalu-
ated the association between childhood exposure to parental
tobacco smoke and the risk of fetal loss. Childhood exposure to
tobacco smoke from both parents was associated with an increased
risk of spontaneous miscarriage [adjusted odds ratio (OR) = 1.75;
95% Cl, 1.01-3.04] among women who conceived after the use of
ART. This association, however, was not observed when only the
mother was a smoker (adjusted OR = 0.98) (Meeker et al., 2007).
Childhood exposure to tobacco smoke was not associated with
increased risk of fetal deaths (miscarriages and stillbirths) in a retro-
spective study among women who visited a cancer hospital (adjusted
OR = 1.07; 95% ClI, 0.87—1.32) (Peppone et al., 2009). The results
were similar to those we observed.

Most miscarriages occur early in pregnancy, by week [2 of GA
(Wilcox et al., 1988; Goldhaber and Fireman, 1991) and a limitation
of the present study is that we could include only late miscarriages.
Subsequently, the power to evaluate the association of in utero
smoking exposure with this outcome was limited. Additionally, as
recently noted, women with previous stillbirths were underrepre-
sented in the MoBa cohort (Nilsen et al., 2009), which may have
lead us to an underestimation of the HRs for this outcome.

Smoking while pregnant increases fetal loss (CDC, 2002), thus sub-
jects who were susceptible to smoking’s adverse effects may not have
survived to participate in the present study. The study population may
have been resilient and thus shows no effect of in utero exposure.
A possible exception may have been the subset exposed in utero
who stopped smoking when pregnant. Some aspects of susceptibility
such as threatened abortion may have triggered the cessation of
smoking.

The intensity of in utero exposure to tobacco smoking was not
ascertained in MoBa; therefore we could not evaluate a dose—
response relationship. If women who experienced very intense
exposure to maternal tobacco smoking in utero were underrepre-
sented in our study population, we may have underestimated the
HRs for late miscarriages and stillbirths. Another limitation was our
inability to discriminate between in utero tobacco smoke and child-
hood exposure; as noted above it is likely that women whose
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mothers smoked while pregnant with them (i.e. exposed in utero) also
experienced continuous exposure during childhood. Information on
childhood exposure to tobacco smoke from both parents as well as
in utero exposure to SHTS (e.g. from father) was not asked in
MoBa. Thus, residual confounding by childhood exposure to
tobacco smoke from parents cannot be ruled out. In addition, a con-
siderable number of women who did not know their exposure status
were excluded from the present analysis; the effect of this exclusion in
our estimated HRs could be either an under- or overestimation.
However, the percentage of women who did not know their
exposure to tobacco smoking in utero did not vary among cases and
non-cases; it was also comparable between those with a previous
spontaneous miscarriage or stillbirth and those without a previous
adverse outcome.

Random errors in the classification of the exposure might have
occurred, causing an underestimation of the HRs. Previous studies
have shown however that the reported exposure to maternal
tobacco smoke in utero by the adult offspring is a valid and reliable
measure (Simard et al., 2008; Cupul-Uicab et al., 2010). In addition,
we were able to show evidence supporting the validity of the reported
in utero exposure to tobacco smoke based on the birthweight of a
subset of the MoBa participants. Maternal smoking during pregnancy
has been associated with an average reduction of 149 g in birthweight
(Kramer, 1987), and in the present study we observed a 202 g average
reduction.

The validity of in utero exposure to tobacco smoke is also supported
by data on the prevalence of smoking in Norway during the calendar
years when the MoBa participants were born (Table Il). Reproductive
aged women had a higher prevalence of smoking compared with the
mothers of the women in MoBa, which has two explanations. First,
women enrolled in MoBa smoked less than the general population
(Nilsen et al., 2009) and the same pattern may have held for their
mothers. Second, pregnant women tend to quit smoking (in 1987,
6% of women in Norway who smoked daily stopped smoking
before their first prenatal check-up (Haug et al., 1992)). After preg-
nancy the prevalence of smoking increases but not to pre-pregnancy
levels (see last column in Table Il) (Haug et al., 1998; Solomon and
Quinn, 2004).

Information on important covariates was recorded early in preg-
nancy; usually women reported their in utero exposure to tobacco
smoke before knowing their pregnancy outcome, therefore a
serious recall bias is unlikely in the present study. The outcomes of
interest were obtained from the MBR, which contains well-
documented information on all deliveries in Norway since 1967
(Irgens, 2000). Therefore, the studied outcomes were not subject
to recall bias.

Although women who participated in MoBa are not a representa-
tive sample of all pregnant women from Norway during the period
of interest, previous analyses suggest that bias in the estimated par-
ameters due to self-selection is negligible when evaluating exposure-
outcome associations in the cohort (Nilsen et al., 2009).

In this large study of pregnant women from Norway, exposure to
maternal tobacco smoke in utero was not associated with an increased
risk of fetal losses in the daughters later in life. Our results, however,
were suggestive of a slight increased risk of miscarriage in women who
experience in utero tobacco smoke from their mothers, but our stat-
istical power was limited for this outcome.
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