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Abstract

AIMS—To study the risk of developing gestational diabetes in women who were exposed to
tobacco smoke in utero. Secondary aims were to assess the risk of obesity and non-gestational
diabetes.

METHODS—Data were retrieved from the Medical Birth Register of Sweden for women who
were born in 1982 (smoking data first registered) or later and who had given birth to at least one
child; 80 189 pregnancies were included. The associations between in utero smoking exposure
(three categories: non-smokers, 1-9 cigarettes/day [moderately exposed], and >9 cigarettes/day
[heavily exposed]) and subsequent gestational diabetes (n=291), non-gestational diabetes (n=280)
and obesity (n=7300) were assessed.

RESULTS—The adjusted odds ratios (aOR) of gestational diabetes were increased among
women who were moderately (aOR 1.62, 95% confidence interval (Cl): 1.24-2.13) and heavily
exposed (aOR 1.52, ClI: 1.12-2.06). The corresponding odds ratios of obesity were (aOR 1.36, Cl:
1.28-1.44) and (aOR 1.58, CI 1.48-1.68), respectively. A reduced odds ratio for non-gestational
diabetes was seen in the offspring of heavy smokers (aOR=0.66, CI: 0.45-0.96).

CONCLUSION—Women exposed to smoking during fetal life were at higher risk of developing
gestational diabetes and obesity.
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Introduction

The developmental origins of health and disease have lately been receiving growing

research interest. Preventable environmental exposures, such as maternal smoking during
pregnancy, are of particular importance in this context. Exposure to smoking in utero has
repeatedly been shown to detrimentally influence the offspring, where short-term effects
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include fetal growth restriction, shortened gestational length and an increased risk of
perinatal mortality [1, 2]. Studies also indicate more long-term consequences such as obesity
in children [3-5]. While the relation of intrauterine tobacco exposure to outcomes in
childhood has been much-studied, reports on possible adverse effects that persist until
adulthood are scarcer and results are inconsistent [6-8].

Norwegian women who reported that their mothers had been smoking while pregnant with
them had a higher risk of developing gestational diabetes mellitus (GDM) compared with
non-exposed women [6]. This is, to our knowledge, the only study of prenatal tobacco
exposure and subsequent gestational diabetes. The cohort, however, included only 38,5% of
all women invited to participate, and information on the participants’ exposure to prenatal
smoking was obtained by asking them if their mothers smoked while pregnant with them.
Further, evaluation of a dose-response relationship was not possible with those data.

The Swedish Medical Birth Register has been collecting information on smoking during
pregnancy since 1982, and now some of the women born that year or later have become
pregnant and given birth, yielding a large cohort that is suitable for examining these earlier
results and elucidating details about the associations.

The primary objective of this study was to further examine these long-term effects by
studying the risk of developing gestational diabetes (GDM) in women who were exposed to
tobacco smoking in utero using a population-based national register. As a second aim the
risks of non-gestational diabetes and obesity were investigated. Data from experiments in
animals [9] suggest in utero exposure to tobacco smoke would be associated with an
increased risk of GDM, but not type 1 diabetes mellitus, for which non-gestational diabetes
was a proxy in the present study.

Data selection

The data for this study were derived from the Medical Birth Register (MBR) of Sweden.
The register has information regarding nearly all births in Sweden since 1973. Data
collection begins with the woman’s first antenatal visit in early pregnancy (usually at 8-12
weeks of gestation). The register has a high level of completion; records are missing for 0.5—
3.9 % of all births [10]. In 1982, the register began recording information on smoking, and
thus, the cohort used here consists of women who were born in 1982 or later, who have
given birth to at least one child of their own. Data were retrieved through 2010. Of a total of
100 175 eligible pregnancies, those with missing data on smoking behaviour in either
generation 1 (G1) or generation 2 (G2) were excluded, leaving a final sample of 80 189
pregnancies. Most of the exclusions were due to missing smoking data for G1. Some of the
women contributed with more than one pregnancy (27.3%). The study was approved by the
Ethical Board at Lund University, Sweden.

Exposure assessment

Women (both G1 and G2) were interviewed by trained midwives using a standardized
questionnaire and reported their current smoking behaviour during their first antenatal visit
(in Sweden there are typically two visits per woman if the pregnancy is without
complications). They are categorized in the MBR as: non-smoker, 1-9 cigarettes/day (G2
offspring hence referred to as moderately exposed) or >9 cigarettes/day (G2 offspring hence
referred to as heavily exposed). There is data in the MBR on smoking status three months
before pregnancy, based on maternal self-reporting at the first antenatal visit, as well as
information on current maternal smoking during the later part of pregnancy collected at the
second antenatal visit (at 30—32 weeks of gestation). However, these variables have been
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added to the register later (data available from 1999 for pre-pregnancy smoking and from
1990 for smoking in last trimester). Thus, few individuals had valid data on these variables
(72.5% missing during the years 1990-1999 for last trimester smoking) and therefore those
variables were not used in the present study. There was no possibility to examine if the
timing of the first antenatal visit influenced smoking status, since it is not recorded in the
MBR at what week of gestation the antenatal visit occurs.

The main outcomes (in G2 women) were gestational diabetes mellitus (GDM), non-
gestational diabetes, and obesity. Body mass index (BMI) was calculated from measured
height and early pregnancy weight, recorded by the MBR. Obesity was defined here as a
BMI =30 kg/m2. MBR registers pregnancy-related diagnoses using the International
Classification of Disease (ICD). During the time frame studied ICD version 8, 9 and 10 were
used. Using the ICD codes, we classified women with any type of diabetes at the first
antenatal visit as having non-gestational diabetes; more precise categorization as to type was
not possible. Pregnant women without non-gestational diabetes and subsequently diagnosed
with gestational diabetes were classified as having GDM.

GDM was registered in the MBR beginning in 1987. GDM is diagnosed in Sweden by a
fasting 75¢ oral glucose tolerance test (OGTT), where fasting plasma glucose levels of >5.5
mmol/l and 2-hour plasma glucose levels of >9.0 mmol/I constitute gestational diabetes.
However, regional variation exists in terms of who is offered an OGTT; some regions
administer the test to all pregnant women in the latter part of pregnancy, whereas other
regions do so only for women with risk factors for GDM [11].

Other covariates that were employed in the analysis were: (G2) woman’s age at pregnancy
(three categories: <20, 20-24, 25-28), parity (three categories: 1, 2, and =3), own smoking
in early pregnancy (three categories: non-smokers, 1-9 cigarettes/day, and >9 cigarettes/
day), BMI (six categories: <18, 18-24, 25-29, 30-34, 35-39 and >40), birthweight (eight
categories: 1500-1999, 2000-2499, 2500-2999, 3000-3499, 3500-3999, 4000-4499, 4500-
4999 and 5000-5500q), gestational age at delivery (four categories: <32, 32-36, 37-42 and
>42 completed weeks of gestation) and mode of delivery (four categories: vaginal birth,
elective cesarean section, emergency cesarean section and forceps/vacuum extraction). All
of these variables were obtained from the MBR, and for the variables own smoking and
mode of delivery the categories precoded by the MBR were used.

Statistical analyses

Only G2 women with a BMI of 15-50 and birthweights of 1500-5500 g were included in
the analyses. The associations between fetal tobacco exposure in early pregnancy and
subsequent GDM, non-gestational diabetes and obesity in G2 women were assessed through
separate logistic regressions generating odds ratios (OR) with 95% confidence intervals
(cn.

The models were adjusted for woman’s (G2) age at pregnancy, parity, mode of delivery and
own smoking in early pregnancy. As a second step, the models of GDM and non-gestational
diabetes were additionally adjusted for G2 BMI. As birthweight and gestational age might
be intermediate variables, through which intrauterine smoking exposure influences the
outcomes, analyses that further adjusted for those two covariates were conducted for all
models.
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Because the results of a previous study indicated a possible interaction between fetal tobacco
exposure during pregnancy (G1 smoking) and woman’s own smoking in early pregnancy
(G2 smoking) with respect to risk of obesity and gestational diabetes [6], we also evaluated
this. An interaction was considered important if the p-value for the interaction term was
below 0.10. If this was the case, separate analyses were performed among G2 women who
smoked in early pregnancy and among G2 women who did not, when the number of
exposed cases was sufficient to allow the stratified analysis (a minimum of n=5 in each
strata was considered a requirement).

To reduce a possible impact of heredity, we conducted separate analyses for non-gestational
diabetes where we excluded the G2 women whose mothers (G1) had non-gestational
diabetes. Corresponding analyses were performed for obesity. However, as information on
GDM was only available since 1987, it was not possible to conduct the corresponding
analysis for GDM.

Further, the following sensitivity analyses to evaluate the robustness of the results were
performed: i) including only G2 with a parity of 1, ii) including only women born in Sweden
(G1), iii) excluding G2 women whose mothers had non-gestational diabetes from the GDM
model and iv) additionally adjusting the models for G1 BMI. Further, as screening practices
for GDM differs regionally in Sweden, another set of analyses were made where only G2
women delivering in the region of Scania were included (in this region all pregnant women
receive an OGTT).

All analyses were carried out using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA).

The age range among the G2 women was 13-28 years, reflecting the requirement that they
were born in 1982 or later and pregnant by 2010 (Table 1). The G2 generation was, on
average, younger, more overweight and more likely to be primiparous than G1. The
prevalence of GDM and non-gestational diabetes were roughly similar across the two
generations. The most frequent G2 outcome was obesity (n=10255; 12.8%); substantially
fewer of the G2 women had any of the other outcomes: GDM (n=431; 0.5%) and non-
gestational diabetes (n=412; 0.5%).

G1 women with missing data on smoking during pregnancy were similar to those with
complete data (Supplement Table 1); among G2 those with missing smoking data were
younger and more likely to also have missing data on BMI. There was no difference in
prevalence of G2 obese women in the group with available G1 smoking data and missing G1
smoking data, respectively.

The accuracy of the smoking data for G1 women was evaluated by looking at the mean
birthweight of the offspring of women in each G1 smoking category, yielding the following
results: non-smoking mothers, 3518 g; mothers smoking 1-9 cigarettes/day, 3320 g; and
mothers smoking >9 cigarettes/day, 3269 g.

Exposure to smoking in early pregnancy was associated with an increased risk of developing
GDM in G2 women (adjusted odds ratio (aOR)=1.62, 95% confidence interval (Cl): 1.24,
2.13 for moderate exposure, and aOR=1.52, Cl: 1.12, 2.06 for heavy exposure) (Table 2).
Exposed women were also more likely to be obese than non-exposed. A dose-response
relationship was seen for obesity, where heavy smoking exposure was associated with a
higher risk (aOR=1.58, Cl: 1.48, 1.68) than moderate exposure (aOR=1.36, Cl: 1.28, 1.44).
With G1 smoking categories treated as continuous variables (coded as 0, 1, 2), the p value
for trend (obesity) was <0.01.
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For non-gestational diabetes, the results were not statistically significant in the moderately
exposed group, but adjusted odds ratios were reduced in the heavily exposed group
(aOR=0.66, Cl: 0.45, 0.96) (Table 2).

Results that were additionally adjusted for birthweight and gestational age resulted in
attenuated ORs for GDM and strengthened ORs for obesity (Table 2).

The adjusted ORs for obesity were attenuated when the G2 women smoked themselves
(Table 3). There was an interaction between G1 and G2 smoking in the obesity model
(p<0.001). Interaction terms were not significant in the other models (GDM: p=0.81, non-
gestational diabetes: p=0.57; stratified results not shown).

Excluding G2 women with non-gestational diabetic mothers from the non-gestational
diabetes model, or excluding G2 women with obese mothers from the obesity model did not
change the odds ratios for those outcomes (data not shown). Additionally adjusting the
models for G1 BMI did not change the results (data not shown).

In the analysis that included only primiparous G2 women, compared with Table 2, the
adjusted ORs for GDM were slightly increased for moderate exposure (aOR=1.92, Cl: 1.41,
2.61) but remained basically unchanged in the heavily exposed group (aOR=1.57, ClI: 1.10,
2.26). The results for obesity and non-gestational diabetes remained essentially the same
(data not shown).

Including only women born in Sweden did not alter results (data not shown).

When including only women delivering in Scania (where all pregnant women receive an
OGTT) there was a slight strengthening of associations compared to the national sample
(moderate smoking exposure aOR=2.01, Cl: 1.21, 3.34, heavy smoking exposure aOR=2.05,
Cl: 1.20, 3.50).

Discussion

In these data, maternal smoking during early pregnancy was associated with an increased
risk of daughters developing gestational diabetes and obesity in adulthood. For obesity a
dose-response relationship was present. There was an inverse association between prenatal
smoking exposure and non-gestational diabetes in the heavily exposed group. The
associations remained after adjusting for age, parity, BMI, mode of delivery, gestational age
and birthweight.

To our knowledge only one previous study has investigated the association between in utero
smoking exposure and subsequent GDM. Cupul-Uicab and colleagues found that exposed
women were more likely to develop GDM compared with unexposed [6]. The present
results confirm the findings on GDM in a large independent, population-based cohort, with
the added advantage of a higher participation rate, as well as probably a more accurate
exposure assessment, as women were asked about their current tobacco use, thus avoiding
the estimation being based on recall of distant events. Further, at the time of data
registration, the women were not aware of the study objectives, presumably minimizing
reporting bias. We were also able to evaluate whether a dose-response relation was present,
which was not possible in the previous study. Whether the association is causal or due to
unmeasured confounding remains unclear.

The interpretation of the results regarding non-gestational diabetes risk is more difficult
because the distinction between type 1 and 2 diabetes cannot be reliably made with the MBR
data. The majority of the cases of non-gestational diabetes in G2 were probably type 1
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diabetes: the prevalence of type 1 diabetes in the Swedish population is similar to the
prevalence of diabetes in this cohort (0.5%) [12]. An inverse association between smoking
exposure and non-gestational diabetes in the group where G1 mothers were heavy smokers
was observed. Under the assumption that the cases are type 1 diabetes, this is in accordance
with previous studies [13-16]. Again, whether this association is due to a biological effect or
confounding has yet to be ascertained.

A relation between pregnancy smoking and obesity in children has been reported
consistently [3-5]. Regarding the continuance of the association in adulthood, however,
results are conflicting [6, 7, 17, 18]. For both the childhood and adult associations, some
evidence suggests that it is due to residual confounding by unmeasured factors [8, 19, 20]
and the present data offer no opportunity to evaluate this possibility.

Nicotine has been linked to decreased appetite, as well as hyperphagia and weight gain upon
cessation [21]. Among offspring of smoking mothers, this could provide a possible
explanation for the reported phenomenon of an increased postnatal weight gain and a higher
rate of obesity [22]. Studies with rat models show that prenatal nicotine exposure is
associated with increased adiposity and bodyweight, higher blood pressure and impaired
glucose metabolism [9]. Changes in the hypothalamic regulation of appetite and satiety has
been proposed as one underlying mechanism, as morphological changes have been
described in these systems in offspring to rats malnourished during pregnancy [23]. Other
reported effects of prenatal nicotine exposure include a higher rate of beta-cell apoptosis and
increased gene-expression of transcription factors triggering adipocyte differentiation that
could be involved in the development of diabetes and obesity, respectively [24]. In addition,
recent data show epigenetic changes in the offspring of smoking mothers [25].

Perhaps the main weakness of this study was our inability to take into account possible
confounding due to educational level, income and other socio-economic determinants of
health. However, in the cohort utilized by Cupul-Uicab and colleagues for studying the
association between intrauterine smoking exposure and GDM risk, additional adjustment for
education resulted in only a 5 % attenuation of the results (Lea Cupul-Uicab, personal
communication, 2012). While some error in reporting of smoking was likely, mean
birthweight across G1 smoking categories show the expected dose-response relationship,
supporting the validity to the recorded data. GDM prevalence in the G2 generation in this
cohort was 0.5%, which is lower than the national prevalence reported elsewhere (1.2-1.7%)
[11, 26, 27]. However, this could possibly be explained by the cohort being younger, or by
regional differences in screening methods for GDM. When including only women giving
birth in a region (Scania) where all pregnant women are offered an OGTT, the prevalence of
GDM was in accordance with the numbers recorded above (1.2%).

Another limitation is that the G2 generation is skewed towards the younger age spectrum,
which is problematic mainly in two ways: i) the prevalence of GDM and obesity is higher in
older age groups, thus the G2 women might have been too young for latent risks to manifest,
also yielding only few cases with positive outcomes and ii) the results might not be
generalizable to the whole population, and possibly even less so today when the average age
of women in Sweden to have their first child is close to 30 years [28].

A number of women had missing data on smoking behaviour that were not symmetrically
distributed over the two generations (most missing in G1). Further, those with missing data
on smoking in G2 were also more likely to have missing data on weight and height, in
addition to being younger. However, the total number of missing cases in G2 was small
(n=4071 of a total of 100 175), and the prevalence of the outcomes was very similar.
Prevalence of G2 obesity was not related to the availability of smoking data in G1.

Diabetologia. Author manuscript; available in PMC 2014 August 01.
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Although short-term detrimental effects of smoking on the individual and her offspring are
well-known, such associations might extend into adulthood, making the incentive stronger
for undertaking preventable measures, particularly as numbers in some countries point to an
increase in daily smoking among young females [29].

Conclusion

In conclusion, these data show that women exposed to smoking during fetal life are at higher
risk of developing gestational diabetes and obesity in adulthood. Possible residual
confounding explaining the findings cannot be excluded in the present setting.
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Table 1

Characteristics of included sample of women with complete smoking data in both generations. Smoking was
recorded in the Medical Birth Register beginning in 1982.

First generation (G1)  Second generation (G2)

Women total (n=54012) % %

Age at childbirth (yrs)

<20 (7.5) (10.2)
20-24 (36.5) (59.2)
25-29 (33.2) (30.6)
30-35 (16.1) ()@
35-40 (5.8) -)
>40 (1.0) ()

Body Mass Index (BMI) (kg/m?)
<18 (5.8) (22
18-24 (76.8) (60.7)
25-29 (14.3) (23.6)
30-34 (2.8) 04
35-39 (0.3) (3.0)
>40 () (1.1)

Parity
1 (41.1) (72.0)
2 (32.9) (24.2)
3 or higher (26.0) (3.8)

Country of birth
Sweden (90.5) (100.0)
Other (9.5) )

Gestational diabetes (GDM)b
No (99.6) (99.5)
Yes (0.4) (0.5)
Non-gestational diabetes®
No (99.7) (99.5)
Yes (0.3) (0.5)

aNo cases in dataset.
bGestationaI diabetes recorded since 1987. For G1, the prevalence of GDM is calculated after that year.

cMedical Birth Register does not distinguish between type 1 and type 2 diabetes.
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