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Abstract

Background: Associations between tobacco smoking during pregnancy and offspring
asthma have been observed, but the role of nicotine and familial factors remains
unclear.

Objective: To estimate the association between tobacco use in pregnancy, both
smoking and Swedish oral moist snuff, and asthma/wheeze in the offspring, how
it varies by the child's age and explore the influence of measured and unmeasured
familial confounding.

Methods: Register-based cohort study with sibling comparisons. The cohort included
788 508 children, born in Sweden 2005-2012 with information on maternal tobacco
use in pregnancy, followed until December 2015. Asthma was based on a validated
algorithm using asthma diagnoses from hospital visits and prescribed asthma drugs
from nation-wide registers, both as incident asthma/wheeze in age 0-8 years and
current asthma at ages 2, 3, 4, 5 and 6 years.

Results: For smoking during pregnancy (SDP), we saw a pattern with higher hazard
ratios for asthma/wheeze around ages 5 and 18 months. Snuff did not show the
same pattern. For current asthma, we saw the strongest association at age 2 years
(adjOR =1.22,95% Cl: 1.17-1.28), for snuff it was weaker (adjOR = 1.06, 95% Cl: 0.96-
1.18). When using sibling controls, the estimates for SDP were clearly attenuated,
albeit with wide confidence intervals.

Conclusion and clinical relevance: We saw an association between SDP and asthma
at early age. The association with snuff was clearly weaker. The associations with
SDP were attenuated when adjusting for measured and unmeasured familial factors
shared by siblings. Based on those results, nicotine seems to have a limited role in
the association between SDP and asthma; rather environmental tobacco smoke and

other familial factors seem to explain observed associations.
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1 | INTRODUCTION

Maternal smoking is globally one of the most important preventable
causes of detrimental effects in pregnancy, delivery and in the neo-
natal period with increased risk of placental abruption, growth re-
striction, premature birth and increased risk of sudden infant death.’
Smoking during pregnancy (SDP) has also been associated with
asthma and wheeze in childhood. Meta-analyses and a large pooled
study have shown increased risk of asthma and wheeze in children
who were exposed to tobacco smoke in utero.>* Those findings are
to some extent supported by animal studies,! showing differences in
lung development in animals exposed to tobacco smoke®® or nico-
tine’ in utero compared with those unexposed. The available studies
also imply that nicotine passes the placenta and interacts with nic-
otinic receptors in the lungs of monkey foetuses,® which indicates
that nicotine could be the causal agent.

However, the associations with SDP could also be due to con-
founding. In previous studies, confounding adjustments may have
been inadequate, with regard to both known measurable confounders
and complex confounders, such as lifestyle, genetic and parental be-
havioural factors. Further, it is difficult to distinguish the effects of SDP
from that of environmental tobacco smoke (ETS) exposure in early life.

Besides nicotine, the smoker is exposed to several substances
from combustion. Although nicotine exposure in utero has been sug-
gested as a cause of lung changes,7'8 it is unclear if that is the case
for asthma and wheeze. Swedish oral moist snuff (snus) is a com-
monly used tobacco product in Sweden, which is placed under the
lip. It contains high levels of nicotine, but no combustion products.’”
Previous studies have found associations between snuff use in preg-
nancy and negative pregnancy outcomes, such as preterm delivery
and pre-eclampsia,’® neonatal apnoea®! and oral clefts.*? Studying
the use of snuff in pregnancy in relation to asthma and wheeze
enables us to shed light on the mechanism behind the association
between SDP and asthma. Details regarding timing of asthma and
wheeze onset in relation to tobacco exposure could also give import-
ant clues, for example regarding potential mediators.

The Swedish Medical Birth Registry (MBR) has recorded mater-
nal smoking during pregnancy since 1982 and snuff use since 1999
and can be linked to registers with information on health and so-
cio-economic factors. Thus, the Swedish national registers are a
unique source for studying tobacco exposure in utero and the po-
tential effect on asthma and wheeze in the child. Further, family
comparison designs, where we make comparisons between family
members who are discordant for exposure, is a way to control for
unmeasured lifestyle confounders,® such as ETS and diet, to the ex-
tent it is shared by the family members being compared.

Our aim was to advance the understanding of underlying causal
processes in the association between SDP and asthma or wheeze in
the offspring. By estimating the association between Swedish oral
moist snuff use in pregnancy and asthma/wheeze, we may further
understand the role of nicotine. We also aimed to investigate how
the association with asthma/wheeze incidence and prevalence var-

ies by the age of the child. Finally, the use of sibling comparisons may

elucidate the role of unmeasured familial factors, including genes
and lifestyle factors such as ETS and family diet.

2 | METHODS
2.1 | Study population

This cohort study, based on national registry data, included all chil-
dren born in Sweden 1 July 2005 - 31 December 2012, who were
registered in the Medical Birth Register (MBR).X* The MBR includes
information on pregnancies and deliveries for approximately 97% of
the children born in Sweden those years, including data on tobacco
use in pregnancy, maternal body mass index (BMI), age, family situ-
ation (mother living together with the father or not) and birth out-
comes. Using the Swedish personal number, which is unique for each
resident in Sweden,'® we linked the MBR data to the Total Population
Register (TPR) for information on deaths and emigration.16 We found
805 679 children registered in the MBR. We excluded children who
were stillborn (n = 2851), children missing information on mother's
identity (n = 1005) or migrated to/from Sweden during pregnancy
(n = 13 356), children themselves not registered as residents in
Sweden (n = 137) and those with erroneous migration data (n = 67).
After exclusions, N = 788 508 children remained the cohort.

The Regional Ethical Review Board in Stockholm, Sweden approved
the study (Dnr 2013/862-31/5). Since the study was strictly regis-

ter-based, the Ethical Review Board did not require informed consent.

2.2 | Exposure variables

We retrieved exposure information on smoking and Swedish oral
moist snuff use from the MBR. Information on current tobacco use
is recorded by the midwife at the first antenatal care visit (usually in
week 5-12), 3 months before the first visit (retrospectively) and in
week 30-32. We defined three exposure measures. The main smoke

exposure variable was as follows:

e Smoking both 3 months before first antenatal care visit and at the
time of the visit vs not smoking at any the those two occasions

(smoking in early pregnancy).
Two additional smoke exposure variables were as follows:

e Smoking at all three occasions (ie still smoking in late pregnancy)
vs not smoking at all.

e Smoking 3 months before the first visit, but not at the time of the
first visit vs not smoking at any the those two occasions (smoking
before or in very early pregnancy).

We defined oral moist snuff use as snuff use 3 months before the
first visit and at the time of the first visit vs not using snuff at any of

those two occasions.
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A validation study on smoking information at the first antenatal
care visit in MBR has shown a sensitivity of 87% and a specificity of
95% as compared to cotinine levels at childbirth.17 The information
on snuff use at the first antenatal care visit had a sensitivity of 76%
and a specificity of 100% when validated against prospectively col-
lected questionnaire data. However, in week 30-32 the sensitivity
for snuff use was as low as 51%.” Therefore we only included snuff
data from the first antenatal care visit.

2.3 | Outcome variables

We retrieved information regarding asthma outcomes from two
national registers—the Swedish Prescribed Drug Register (SPDR)
and the National Patient Register (NPR). The SPDR contains infor-
mation on all prescribed drugs that are dispensed at pharmacies
in Sweden, with prescription date, dispense date and drug sub-
stance coded according to the Anatomic Therapeutic Chemical
(ATC) classification system and started on 1 July 2005. We chose
the cohort to ensure availability of data from the SPDR from birth.
The NPR was gradually built up starting in 1964 and including all
in-patient hospital visits since 1987 as well as approximately 80%
of all out-patient visits (not including primary care) since 2001.

We defined incident asthma/wheeze in the offspring in ac-
cordance with an asthma medication algorithm, which has been
validated as a proxy for asthma®® in combination with asthma di-
agnosis (International Classification of Diseases, ICD-10: J45-J46)
information from the NPR. For children below 4.5 years, we re-
quired both an asthma diagnosis and fulfilling the medication algo-
rithm. Children above 4.5 years were classified as having asthma,
if having either an asthma diagnosis or fulfilling the asthma medi-
cation algorithm. A child fulfilled the asthma medication algorithm
if having.

1. At least two dispenses of asthma controller medication, includ-
ing inhaled corticosteroids (ICS; RO3BA) and/or leukotriene
receptor antagonist (LRTA; RO3DCO03) and/or fixed combinations
of ICS and p2-agonists (RO3AK06 or RO3AKO7), independent
on time between distributions in children older than 4.5 years
and with at least 14 days between the two dispenses for

children below 4.5 years.
Or

2. At least one dispensed controller medication and two dispenses
of short-acting inhaled p2-agonists (RO3AC02, RO3ACO03,
RO3AC12, RO3AC13) within 12 months.

Or

3. At least three dispenses of short-acting inhaled p2-agonists within
12 months.

As asthma/wheeze onset date, we used the date of the prescrip-
tion of the first asthma medication dispense or the first diagnosis in
NPR, whichever came first.

If finding an association between tobacco exposure in utero and
incident asthma or wheeze, a natural question would be if the as-
sociation was driven by transient asthma or if tobacco exposure is
also associated with asthma at later age. We therefore also defined
current asthma at ages 2, 3, 4, 5 and 6 years. This was defined as
having incident asthma/wheeze, with the addition of at least one
record of dispensed asthma medication in the SPDR or a record of
asthma diagnosis in the NPR at that particular age (from the birthday
in question until the day before the next birthday).

We had information from the SPDR until 31 December 2015 and
from the NPR until 31 December 2013. Due to the differences in the
stricter asthma definition depending on the age of the child, children
with attained age <4.5 on 31 December 2013 were followed no lon-
ger than 31 Dec 2013, while older children were followed until 31
December 2015.

2.4 | Potential confounders

We used a Directed Acyclic Graph (DAG) to identify what variables
we needed to adjust for in our analyses. Those variables were birth
year, parity, maternal body mass index (BMI), age and family situation,
asthma in the mother, asthma in the father, parental education, income
and country of birth. The Multi-Generation Register (MGR) was used
to identify the fathers. We retrieved birth year, parity (1; 2; 3; = 4), ma-
ternal age (19; 20-24; 25-29; 30-34; =35 years at birth), BMI (catego-
rised in accordance with World Health Organization: < 18.5; 18.5-24.9;
25.0-29.9; > 30 kg/mz) and family situation (living with the father or
not) from the MBR. We defined asthma in the parents in the same way
as for the older children with the addition of the earlier ICD version
codes (ICD-7:241, ICD-8:493, ICD-9:493) for diagnoses in the NPR.
We retrieved parental birth country (Sweden; other Nordic country;
Europe except the Nordic countries, North America or Oceania; other
country) from the TPR. Parental education (middle school; high school,
college/university) and income the year the child was born (in quintiles
by birth year) were retrieved from the Longitudinal integration data-

base for health insurance and labour market studies.?’

2.5 | Statistical methods

The association between tobacco use in pregnancy and incident
asthma/wheeze in the offspring was analysed as time-to-event,
using flexible parametric models with age as time scale (Stata pack-
age stpm2).20 The use of such a model may reveal important infor-
mation about time-varying effects of the exposure. Attained age
was the underlying time scale with date of discharge from hospital
after birth as the start of follow-up and end of follow-up were de-

fined as the earliest of date of disease onset, date of first emigration,
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date of death or 31 December 2013 for children with attained
age <4.5 years and 31 December 2015 for older children. With
this model, the baseline hazard is modelled using restricted cubic
splines, in this case with seven degrees of freedom corresponding
to 6 knots. The hazard ratio (HR) for tobacco use was allowed to be
time-varying, also using restricted cubic splines with 6 knots. We
explored models with both fewer and more knots, to ensure that we
had enough knots to capture the variations in the associations over
time, but without causing unnecessary instability in the curves. The
results are presented as HR curves over age with 95% confidence
intervals (Cl). We also estimated HRs with cox proportional hazards
model with time-varying effects in the age intervals 0-365 days
(0-1 year), 366-730 days (1-2 years) and = 731 days (22 years), for
comparison with estimates from the corresponding sibling analyses
described below. All models were estimated both without adjust-
ments (crude) and adjusted for birth year, parity, maternal age, BMI
and family situation, asthma in the parents, parental birth countries,
education and income, allowing all to have time-varying effects.

We used logistic regression to analyse the association between
tobacco use and current asthma at the different ages, with results
presented as odds ratios (OR) with 95% Cl. The logistic regression
models were estimated both without adjustments (crude) and ad-
justed for the same covariates as the flexible parametric models.

We also performed sensitivity analyses for snuff, where we ex-
cluded all women who said they had smoked 3 months before the
first antenatal care visit or during pregnancy from both the exposed
and unexposed group.

In order to adjust for unmeasured familial factors, we also used
a sibling comparison approach based on all full sibling pairs in the
study population who were discordant on both smoking exposure
and asthma. This method accounts for all confounding and mediat-
ing factors, whether environmental or genetic, that make siblings
similar. It should be noted that this includes ETS to the extent it
was shared between the siblings. Here we used conditional logis-
tic regression with sibling pairs as strata. There would be a risk
of carry-over effect of non-shared ETS exposure of the older sib-
ling emanating from the exposure in utero of the younger sibling.
Therefore, we included an interaction effect for sibling order and
exposure, indicating unexposed older sibling (ie risk of ETS since
the mother then smoked when expecting the younger sibling) in
all sibling analyses.?! For analyses of asthma/wheeze incidence,
we used Cox proportional hazards model stratified on sibling pairs,
with time-varying effects, and for asthma prevalence, we used
conditional logistic regression. The sibling comparison analyses
were adjusted for all measured covariates that could differ be-
tween the siblings (birth year, parity, maternal BMI and maternal
age). The sibling comparisons were done only for smoking and not
for snuff use, since snuff use was much less common among preg-
nant women and subsequently the number of exposure discordant
sibling pairs was very small. Considering the advice to parents of
children diagnosed with asthma is to quit smoking, there could be
a second type of carry-over effect such that mothers with a first

child with asthma onset before the next pregnancy would be less

likely to smoke in a later pregnancy. We checked this using logistic
regression estimating the association between smoking in a preg-
nancy and asthma in an older sibling before the start of that preg-
nancy, adjusted for all parental factors and smoking in the previous
pregnancy.

Models adjusted for measured covariates included subjects with

complete information.

3 | RESULTS

A description of the study population is shown in Table 1. The preva-
lence of smoking in early pregnancy was 6.2%, while the prevalence
of Swedish oral moist snuff use was 0.9%. Maternal tobacco use,
both smoking and use of snuff, in pregnancy was more common in
younger, under-weight and obese women, in women with asthma
and in women with lower socio-economic status (education and
income), although the differences were less pronounced regarding
snuff use compared with smoking. Smoking was most common in
women born in a European country other than the Nordic coun-
tries, while snuff use was most common in women born in Sweden.
Complete information on all covariates was available for 92% of the
study population (SDP n = 628 982; snuff n = 678 090).

The mean follow-up time in the cohort was 6.0 years, corre-
sponding to 4.7 million person-years. There were 73 547 children
having incident asthma/wheeze.

Figure 1A displays how the crude association between smoking
in early pregnancy and offspring incident asthma/wheeze varied by
age, with hazard ratios increasing from birth up to around 5 months
of age. It then decreased and started to increase again around
12 months of age and reached a new peak around 18 months. When
adjusting for covariates the HR decreased, but the bimodal pattern
was still discernible (Figure 1B). For mothers still smoking in late
pregnancy, the pattern was similar, although more pronounced with
HR peaks slightly higher (Figure 1C). However, for women smok-
ing before or in very early pregnancy, we did not see elevated HRs
around 5 months of age, but the peak around 18 months was there
(Figure 1D). The pattern was different for the association between
snuff use in early pregnancy and incident asthma/wheeze (Figure 1E-
F), with lower HRs, in particular in the first year of life. However, the
peak around 18 months was seen also for snuff, although lower and
with wider confidence intervals, the latter due to the much smaller
number of exposed children (Figure 2F). Figures of HRs for the crude
associations with still smoking in late pregnancy and smoking before
or in very early pregnancy are found in online supplement Figure
S1A-B. Sensitivity analysis regarding snuff use, excluding women
who smoked just before or during pregnancy, showed similar results
(Figure S2).

Odds ratios for smoking in early pregnancy and current asthma
at ages 2-6 years are displayed in Figure 2A. In the crude analyses,
the odds for asthma were increased for exposed children at all ages.
When adjusting for covariates, they were generally lower and close

to null from 4 years of age. For snuff use, we saw a similar pattern
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with crude ORs around 1.2 at most ages, which were clearly lower
when adjusting for covariates (Figure 2B).

To control for life style factors shared within families and genetic
factors that make siblings similar, we performed sibling comparisons.
Of the 4 633 women who were discordant for smoking in two preg-
nancies, 74% smoked in the first pregnancy and 26% in the second.
Among those women, n = 272 women had children who were dis-
cordant for current asthma at age 2 years, n = 210 for asthma at
age 3 years and n = 104 for asthma at age 4 years. The decreas-
ing number of discordant siblings was mainly due to fewer families
having siblings within the cohort reaching each age, as it would re-
quire having children with small age difference. For this reason, we
were not able to make sibling comparisons at higher ages. When we
controlled for unmeasured confounding by comparing siblings, ORs
were lower, compared with the adjusted analyses of the association
between SDP and current asthma, although with much wider confi-
dence intervals (Figure 2A).

The sibling comparisons using time-to-event analyses mostly
showed similar results as the logistic regressions, with attenuation
with higher age of the child and with adjustment for measured con-

founders and unmeasured familial factors (Table 2).

Evaluation of potential carry-over effects, showed that if a
mother had a child with an asthma onset before a subsequent preg-
nancy, she was possibly slightly more likely to smoke in the subse-
quent pregnancy (OR = 1.20, 95% Cl 0.97-1.48).

4 | DISCUSSION
Our results showed an association between smoking in early preg-
nancy and increased incidence in asthma and wheeze, while the
association with snuff use was close to null. There was also an as-
sociation between smoking in early pregnancy and current asthma,
which decreased with increasing age and was close to the null at
4 years of age. All associations decreased markedly when adjust-
ing for the covariates maternal age, BMI, parity, family situation and
parental education, income and asthma. The estimates decreased
further in the sibling comparisons, which were controlled for un-
measured family factors shared by siblings, including ETS if shared
between the siblings, though with wide confidence intervals.

The association between smoking and offspring asthma was par-

ticularly strong around 4-5 and 18 months of age, and it was even
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FIGURE 2 Odds ratios with 95% confidence intervals for the association between current asthma at ages 2-6 years and (A) smoking and
(B) oral moist snuff use in early pregnancy; unadjusted, adjusted (for birth year, parity, maternal age, BMI and family situation, asthma in the
parents, parental birth country, education and income) and sibling comparisons

TABLE 2 Hazard ratios and 95%

0,
confidence intervals for the association IR PR ENETss
between incident asthma/wheeze and 0-365d 366-730d >730d
smoking or snuff use in early pregnancy
from Cox regression by age Asthma/wheeze
Smoking in early pregnancy
Crude 1.57 [1.50,1.65] 1.44 [1.37,1.51] 1.15 [1.09,1.21]
Adjusted 1.32 [1.25,1.39] 1.28 [1.21,1.36] 1.06 [1.00,1.12]
Sibling 1.20 [0.60,2.40] 1.08 [0.38,3.06] 0.36 [0.06,2.05]
Snuff use in early pregnancy
Crude 1.06 [0.92,1.21] 1.30 [1.15,1.47] 1.15 [1.02,1.31]
Adjusted 0.86 [0.74,0.99] 117 [1.03,1.32] 1.04 [0.91,1.19]

more pronounced for children of women still smoking in late preg-
nancy. In children of mothers who stopped smoking before the first
antenatal visit, there was a slightly increased risk in comparison to
non-smokers.

Because snuff is high in nicotine, the modest association be-
tween snuff use and asthma suggests that nicotine exposure in
utero has a limited role in the association between SDP and asthma
or wheeze. This is further supported by the attenuation of the es-
timates for smoking in the sibling comparison, indicating that the
causal factors of the association between SDP and asthma/wheeze
are factors shared between siblings, which could be ETS and/or any
other familial factors, rather than SDP.

Considering that women who smoke during pregnancy are also
more likely to smoke after the pregnancy and potentially more prone
to smoke near the child compared with nonusers and to women who
stopped smoking before the first antenatal care visit, it is difficult
to distinguish between SDP and ETS in early life. Some researchers
have distinguished between women smoking only in pregnancy, only
after pregnancy and both during and after pregnancy. Some studies
have found stronger associations between smoking during preg-

nancy only and asthma/wheeze, compared with maternal smoking

after the pregnancy only and, more surprising, also compared with
smoking both during and after pregnancy.*?%2% Others have esti-
mated the effects of SDP and ETS with or without the other and
found stronger associations with ETS compared to SDP,%*?® while
one study found the opposite.27 The difference in HRs between ex-
posure to smoking in utero and those that stopped smoking early
in the pregnancy in our study may be a sign of an effect of smok-
ing in utero. However, it may also be due to differences in postnatal
smoking behaviour, that is not all starting to smoke again, after quit-
ting in the early pregnancy, and a higher awareness of the danger
of tobacco smoke exposure to children, making those returning to
smoking more prone to smoke outdoors. To speculate, the slightly
increased HRs at the age 12-24 months also for children of women
who quitted smoking before the first antenatal care visit may re-
flect that a proportion of these women pick up smoking when they
no longer breast feed their children and consequently expose their
children to ETS.

The ages of the children when the rates of asthma and wheeze
associated with SDP are increased, correspond to the age when the
protection from the maternal immune system fades out at the same

time as the mothers and their babies start attending mother-baby
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activities (2-6 months) and the age when children in Sweden com-
monly start day care (12-24 months). Thus, those are periods when
the children are at high risk of infections. Previous studies have
shown associations between ETS, and to some extent SDP, and re-
spiratory infections.?8-%° Considering how the hazard ratios varied
with age, we speculate that this indicate that SDP (or ETS) makes
the child more susceptible to viral respiratory tract infections or that
it makes viral infections more likely to affect the bronchi of the ex-
posed child, which in turn increases the risk of asthma and wheeze.

Pooled or meta-analyses on the association between SDP and
asthma or wheeze in pre-schoolchildren have all shown estimates
in the range OR = 1.25-OR = 1.85,%*%! which is in line with our
results for the full cohort. In one study, unmeasured confounding
was adjusted for by means of a sibling design. Similar to our results
they found ORs for SDP and asthma in the range 1.09-1.19 in the
full cohort, which were attenuated in the sibling comparison.32 Thus,
although our confidence intervals were wide in the sibling compari-
sons, our results are supported by the results of this previous sibling
comparison.

To our knowledge, this is the first study on Swedish oral moist
snuff use in pregnancy and offspring asthma and wheeze. We found
only a weak association between snuff use in pregnancy and asthma
and wheeze, despite animal studies suggesting that nicotine expo-
sure would affect lung development.7'8 Considering we found stron-
ger evidence of an association with SDP, the responsible substance
seems more likely to be linked to the combustion of the tobacco.
However, given the results from the sibling comparison, we cannot
exclude that the association is due to ETS or other familial factors,
rather than the smoking during pregnancy.

A strength of this study is that it is built on population-based
nation-wide registers, thus making the results generalisable to the
general population. Most data are prospectively recorded, includ-
ing specific dates of first hospital visit and first dispense of asthma
drugs, which enables us to have more detailed analyses regarding
timing of the association. We also had information on the use of
snuff in pregnancy and rich information on potentially confounding
parental factors, for example age, education, family situation, birth
country, asthma, maternal BMI and parity. Our ability to link siblings
made it possible to do sibling comparisons and thereby control for
confounding and mediating factors shared by the siblings. The sib-
ling comparisons automatically adjust for all confounding factors and
all mediators that the siblings share.® In this case, it means that we
adjust for confounding from pre-conception parental factors that
are constant between the conceptions. We also adjust for mediators
that the siblings share, which, for example includes household ETS
unless the smoker(s) quit smoking between pregnancies. However,
the design does not adjust for factors that are unique for each child,
such as the biological effect of smoking exposure in utero.

This study also suffers from some limitations. Due to a high de-
gree of misclassification of snuff use in late pregnancy, we could
not use this information.” However, a study on snuff use in preg-

nancy showed that 87% of the women reporting snuff use in early

pregnancy, reported still doing so in week 32.7 Using smoking in-
formation from late pregnancy gave very similar results to those
only using smoking in early pregnancy. The tobacco-exposure infor-
mation was self-reported by the mothers. Validation studies using
cotinine measurements have indicated high agreement between
maternal reports and biomarkers levels.”*”34 We did not have infor-
mation on ETS, neither from the father nor from the mother after
birth. However, the sibling comparisons automatically controlled
for this to the extent it was shared by the siblings. Although sibling
comparison is a powerful design for reducing confounding from un-
measured factors, it suffers from some limitations.%> A requirement
for a sibling pair to be informative in those analyses is that they are
discordant on the exposure, which may limit the generalisability of
the results. Thus, we need to consider if the effect of SDP may be
different in children of women who smoke in one pregnancy but not
in the other compared with those whose mothers smoke in both.
Further, the design is more sensitive to measurement errors, in par-
ticular in the exposure variables, compared with other designs.36
Bias in sibling comparison analyses may also be due to carry-over
effects from exposure or outcome in the first sibling to the sec-
ond.?! In this study, the most likely carry-over effects would be that
of (a) exposing the firstborn sibling to tobacco smoke if the mother
is smoking when expecting the second child or (b) that the mother's
decision to smoke in the second pregnancy is influenced by asthma
in the first child. In the first case, the issue can be solved by adding
an interaction term between sibling order and exposure in those
analyses, as we did.?! Regarding the second issue, we tested for an
association between asthma in the first child and smoking in the
second pregnancy. Here, we saw a tendency to increased risk of
smoking in the second pregnancy if the first child had asthma be-
fore the start of the second pregnancy. This is most likely due to
unmeasured confounding rather than mothers deciding to smoke
if their child has asthma. Thus, we conclude that this carry-over
effect would be negligible. Moreover, we did not have enough sib-
ling pairs that were discordant for both prevalent asthma/wheeze
and maternal snuff use in pregnancy to run sibling comparisons
for the association between snuff and prevalent asthma/wheeze.
Considering that the already weak association between snuff use
and asthma/wheeze was clearly reduced when adjusting for paren-
tal covariates, it seems unlikely that a sibling comparison for snuff
and prevalent asthma/wheeze would have given a different result.
We also lacked information from primary care visits, and although
we had information on asthma medication dispenses, we have most
likely miss-classified some mild cases not needing medication as
healthy. As always in observational studies, residual confounding
may influence the results.

In conclusion, we found an association between smoking during
pregnancy and asthma/wheeze, in particular at the ages when the
children are at high risk of respiratory tract infections. The associ-
ations with current asthma/wheeze decreased with increasing age
and when adjusting for confounders. They were further diluted

when controlling for unmeasured familial factors, including ETS



LUNDHOLM ET AL.

shared by siblings, although with wide confidence intervals. We are
also the first to study the association between snuff use in preg-
nancy and asthma, showing no or a very weak association. Our weak
findings for snuff combined with attenuated associations between
SDP and asthma in the sibling comparison indicate a limited role of
nicotine exposure during pregnancy; rather ETS and other familial
factors seem to explain observed associations.
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eFigure 1. Hazard ratios with 95% confidence intervals (shaded area) from flexible parametric models for the
crude association between incident asthma/wheeze and (a) smoking in early pregnancy, (b) still smoking in late

pregnancy.
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eFigure 2: Sensitivity analysis regarding snuff use, excluding women who smoked three months before the first
antenatal care visit, showed similar results. Hazard ratios with 95% confidence intervals (shaded area) from
flexible parametric models adjusted for birth year, parity, maternal age, BMI and family situation (mother living
together with the father or not), asthma in the parents, parental birth country, education and income.
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