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1 INTRODUCTION

Following an international increase in obesity and lifestyle related diseases, physical
activity has consolidated its place as a core topic in health promotion and preventive
medicine. According to the World Health Organization, physical activity plays an essen-
tial role in the prevention of cardiovascular disease, stroke, type Il diabetes, colon and
breast cancer, and depression (World Health Organization 2009). Formerly, women
were expected to limit physical activity when becoming pregnant, due to an assumed
increased risk of spontaneous abortion and preterm birth. Even though pregnancy is a
unique condition characterized by a different physiology in the mother and concern for
the growing foetus, this precaution is now generally disregarded and today physical
activity is also part of antenatal care. Guidelines in the US, Canada, Great Britain,
Norway and Denmark recommend pregnant women to be physically active (almost) at
the same level as the non-pregnant population (ACOG 2002; RCOG 2003; The Direc-
torate for Health and Social Affairs 2005; Davies et al. 2003; National Board of Health
2009). The Danish recommendations are in line with those of The Danish Society of
Obstetrics and Gynaecology (DSOG 2008). In Denmark the recommendations include
a minimum of 30 minutes of moderate physical activity per day for healthy pregnant
women, while women with an increased risk of pre-eclampsia or gestational diabetes

should be even more active.

In addition to general health benefits, physical activity has been associated with fa-
vourable effects on maternal outcomes in pregnancy such as gestational diabetes
(Dempsey et al. 2004; Dye et al. 1997; Solomon et al. 1997) and pre-eclampsia (Mar-
coux, Brisson, and Fabia 1989; Sorensen et al. 2003), although the assumed preven-
tive effect on pre-eclampsia is being questioned in a Cochrane review and a recent
study from The Danish National Birth Cohort (Meher and Duley 2006; Osterdal et al.
2009). When it comes to possible exercise-induced positive or negative effects on the
health of the foetus, the evidence is weaker. It has been layman’s belief for many years
that physical activity could initiate labour activity, and imminent preterm birth has been
treated with bed rest. This practice is not based on scientific evidence but emerges as
a matter of precaution in the lack of well-founded treatment actions against preterm la-
bour. Furthermore, hypotheses have been put forward that physical activity may result
in reduced foetal growth due to a restricted oxygen delivery to the foetus during physi-
cal activity because of a redistribution to the working muscles instead of to the placenta
and foetus (please refer to 2.2 for details on possible mechanisms). Hence, the jury is
still out on concerns for the unborn child in the relation to the mother’s physical activity

level, and in a handful of reviews addressing maternal physical activity and reproduc-
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tive outcomes it is generally agreed that literature is limited and that results are incon-

clusive.

A Cochrane review from 2006 examined regular aerobic exercise during pregnancy in
11 controlled trials of which seven reported on pregnancy outcomes (Kramer and
McDonald 2006). From their pooled analysis there was an increased, but far from sta-
tistically significant, risk of preterm birth (relative risk 1.82, 95% confidence interval
0.35, 9.57) but no association between exercise and mean gestational age. Results on
birth weight were even more inconsistent. The trials were described as ‘small and not
of high methodological quality’ by the authors, who also concluded that ‘available data
are insufficient to infer important risks or benefits for the mother or infant’. Other re-
views point towards either no association with preterm birth or perhaps a decreased
risk among exercising women (Clapp, 11l 2000; Dye et al. 2003; Hegaard et al. 2007;
Leet and Flick 2003; Lokey et al. 1991; Riemann and Kanstrup, | 2000; Schlussel et al.
2008; Simpson 1993; Sternfeld 1997; Stevenson 1997). Likewise, either no association
or a slight positive association between exercise and birth weight have been reported
(Clapp, 11l 2000; Dye et al. 2003; Ezmerli 2000; Hegaard et al. 2007; Kramer and
McDonald 2006; Riemann and Kanstrup, | 2000; Schlussel et al. 2008; Stevenson
1997). In their review evaluating 37 studies from 1980-2005, Schlussel and colleagues
stressed that future research should include intensity, duration, and frequency of physi-
cal activity to ‘contribute to the making of more detailed guidelines in antenatal care’
(Schlussel et al. 2008).

In the first study on maternal physical exercise in The Danish National Birth Cohort
(DNBC) we examined the risk of miscarriage, being one of the most frequent adverse
pregnancy outcomes. We found an increased risk of miscarriage among women who
exercised early in pregnancy (Madsen et al. 2007). A dose-response relation was seen
between the amount of exercise and the risk of miscarriage. Further, specific types of
exercise, such as jogging, ball games and racket sports, were found more closely re-
lated to miscarriage than other activities. Part of the association may be explained by
potential bias due to (partly) retrospectively collected exposure data. However, studies
on life style factors in the very first part of pregnancy and early foetal loss using pro-

spectively collected data are difficult to carry out and therefore rarely done.

Swimming is in general considered a safe and suitable exercise during pregnancy, and
in the above study swimming was not associated with miscarriage (Madsen et al.
2007). Chemical exposures deriving from chemical disinfection processes in drinking

water have, however, been associated with adverse reproductive outcomes, and since
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swimming pool water contains some of the same cleaning products as drinking water,
this is of interest in environmental epidemiology (Bove, Shim, and Zeitz 2002; Graves,
Matanoski, and Tardiff 2001; Nieuwenhuijsen et al. 2000). One study has addressed
the relation between swimming in pools during pregnancy and birth weight in the off-

spring, and found no association (Nieuwenhuijsen et al. 2000).

Pregnancy leads to a reduced level of physical activity for most women, the activity
level is often further reduced throughout pregnancy, and the pre-pregnancy exercise
level is usually not regained six months after childbirth (Fell et al. 2008; Hinton and OlI-
son 2001; Owe, Nystad, and Bo 2008; Pereira et al. 2007; Zhang and Savitz 1996).
Among women who are physically active before pregnancy, the factors associated with
discontinuing sports activities during pregnancy, are similar to those for inactivity both
prior to and after pregnancy (Donahue et al. 2009; Fell et al. 2008; Pereira et al. 2007).
Hence, if physical activity during pregnancy is healthy - or at least harmless - for both
the mother and the child, knowledge on exercise behaviour in relation to pregnancy
and predictors is useful in terms of public health interventions. With the increasing fo-
cus on physical activity in general, it is essential to establish evidence based guidelines

addressing physical activity during the pregnancy period.

Our findings on exercise being associated with miscarriage together with the sparse
knowledge on possible effects on the foetus of maternal physical activity became the
main objectives for this PhD-study at a time where physical activity is at extreme focus

in public health.

1.1 AIMS AND OUTLINE OF THE THESIS

The aim is to add to scientific evidence about possible health consequences for the
foetus of maternal exercise during pregnancy, based on data from the Danish National

Birth Cohort. The specific aims are addressed in four papers:

Paper 1: To describe the level and character of exercise among pregnant women
in the Danish National Birth Cohort and to identify lifestyle and socio-
demographic factors and aspects of health and reproductive history as-

sociated with physical exercise during pregnancy.

Paper 2: To examine the association between physical exercise during preg-

nancy and the risk of preterm birth.



Paper 3: To examine the association between physical exercise during preg-

nancy and selected foetal growth measures.

Paper 4: To examine the association between swimming during pregnancy and
several birth outcomes (pre- and postterm term birth; foetal growth
measures, including birth weight and small-for-gestation-age; and con-

genital malformations).

2 BACKGROUND

2.1 Definitions and key concepts

Gestational age

The gestational age of a foetus denotes the number of days since conception, but
since the precise moment of conception is rarely known, one commonly used measure
of gestational age is number of days from the first day of the woman’s last menstrual
period. Limitations in using this measure include uncertainty regarding the date of last
menstrual period (e.g. recall bias or bleeding not associated with menstrual periods) or
irregular bleedings and varying timing of ovulation (Lynch and Zhang 2007). Today,
almost all pregnant women in Denmark have at least one ultrasound examination dur-
ing pregnancy, and hence the gestational age registered at birth is most often based on
this ultrasound examination. One limitation in using ultrasound-based gestational age
determination is that estimates of symmetrically large or small foetuses are often bi-
ased because normal variability is not taken into account (Lynch and Zhang 2007). Re-
cent studies, though, on foetuses conceived through in vitro fertilisation, where the date
of conception is known, show high accuracy in ultra-sound gestational age estimation
(Chervenak et al. 1998).

The women in the DNBC were asked about gestational age twice during pregnancy
and about gestational age at birth of their child when interviewed six months after de-
livery. Furthermore, the DNBC-database was linked to The Medical Birth Registry,
which is nationwide and contains records on all births in Denmark. Such linkage is pos-
sible due to national systems of unique person identifiers, where every newborn child is
assigned a unique civil registration number. In Denmark, gestational age of the off-
spring is usually registered by midwives within few hours after delivery. For the studies
in this thesis, we have used the gestational age from the Medical Birth Registry. These
data have undergone a thorough validation based on identification of records where the

distance between self-reported expected date of delivery and gestational age at birth
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differed more than 14 days. In these cases, a gestational age was applied according to

the principles used by Gardosi & Geirsson (Gardosi and Geirsson 1998).

Preterm birth

Preterm birth is defined as a delivery before 37 completed gestational weeks (less than
259 days) (lams and Creasy 2004). Prematurity is the factor that contributes the most
to perinatal and neonatal morbidity and mortality (Slattery and Morrison 2002). Also
long-term consequences have been reported among children born extremely or very
preterm (i.e. 22-27 and 28-31 completed weeks, respectively (Langhoff-Roos et al.
2006)), such as chronic pulmonal disease (Hentze et al. 2006), cerebral palsy
(Himmelmann et al. 2005), or other neurological disorders (Marlow et al. 2005). Chil-
dren born moderately preterm (i.e. 32-36 completed weeks (Langhoff-Roos et al.
2006)) seem to be at lower risk of serious long-term disorders. These children form an
important group in terms of public health due to the large numbers (Kramer et al.
2000). The incidence of preterm birth seems to increase in some countries, such as the
US and Denmark (Langhoff-Roos et al. 2006; Martin et al. 2008). Prediction and pre-

vention of preterm birth is, however, still to be resolved.

Postterm birth

Postterm birth is defined as delivery after 42 completed gestational weeks, i.e. preg-
nancy is considered prolonged when it exceeds 294 days (Resnik and Resnik 2004). A
small but consistent rise in infant mortality in deliveries after week 42 has been re-
ported (Wilcox and Skjaerven 1992). Newborn postterm babies have a reportedly
higher incidence of perinatal morbidity, such as e.g. low Apgar score, foetal distress,
meconium staining (Shea, Wilcox, and Little 1998). Long-term paediatric conse-
quences are poorly studied, but some adverse long-term outcomes may work through
perinatal morbidity (Shea, Wilcox, and Little 1998). Postterm birth is preventable be-

cause of the possibility of artificial induction of labour.

Birth weight

In the attempt to find a good proxy for foetal growth, birth weight has been studied ex-
tensively, probably due to its high accessibility in both developed and developing coun-
tries. It is also monitored globally by the World Health Organization (Blanc and Ward-
law 2005). However, it has been argued that low birth weight defined as a birth weight
less than 2500 g is widely misinterpreted as outcome because underlying causes like
foetal growth restriction, preterm birth, and genetically small body size cannot be identi-
fied (Adams et al. 2003), and because low birth weight in itself takes no account of

population specific birth weight distributions (Wilcox 2001). There seems to be a strong
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link between birth weight and perinatal mortality at each fixed gestational age, which
could be an epiphenomenon to a common cause (Basso, Wilcox, and Weinberg 2006).
As birth weight is not only a result of foetal growth but also of length of gestation, ges-
tational age should be taken into account when studying birth weight. If possible, addi-
tional measures of body size and/or composition should also be included in studies on

foetal growth.

Small- and large-for-gestational-age

Small-for-gestational-age (SGA) is usually defined as a gestation specific birth weight
below the 5" or 10™ percentile, according to a chosen growth curve for the foe-
tus/newborn child, and correspondingly large-for-gestational-age (LGA) is defined as
having a birth weight above the 90" or 95" percentile (Nguyen and Wilcox 2005; Sacks
2007). Growth curves based on weight at birth are assumed to underestimate foetal
weight in the preterm period, because the preterm birth weights are based on abnormal
deliveries and therefore on average are lower than birth weights of foetuses that stay in
utero. Foetal growth takes place in utero, and therefore a measurement of the weight
(and other size measures) continuously throughout pregnancy would be the ideal way
to monitor foetal growth. However, ultrasound examinations are especially sensitive to
measurement error and is also not feasible in many places. Intra-uterine growth restric-
tion (IJUGR) and SGA are sometimes used interchangeably, which is not appropriate
since not all small babies are growth restricted, and not all growth restricted babies are
in the lowest centile of size (Wilcox 1983). Using a specific cut-point for birth weight for
a given gestational age does not make it possible to distinguish between normally
grown babies, who just happen to be small (e.g. for genetic reasons), and pathologi-
cally small babies. E.g. a baby with an 'optimal’ birth weight of 4000 g that weighs 3500
g at birth would not be considered small for its age according to an SGA definition,

even though it has obviously grown too slow according to its 'own’ growth curve.

Much attention has been given to the growth restricted infant, who is at increased risk
of both short- and long-term adverse health conditions. However, also large babies
seem to face increased risks of intrauterine or perinatal death, birth traumas and long-
term consequences like overweight, diabetes, metabolic syndrome, asthma, and can-
cer (Das and Sysyn 2004). Most research on LGA, or on offspring overgrowth relates
to maternal diabetes, but although diabetic mothers tend to have larger babies, they
only account for less than 10% of LGA infants. Other causes of LGA comprise postterm

delivery, maternal obesity, and foetal hyperinsulinemia (Das and Sysyn 2004).
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In this thesis additional foetal growth indicators were included in the attempt to capture
possible indicators of impaired foetal growth, also within normal limits of birth weights,
and in cases where mean birth weight is not affected (Catalano et al. 1998; Stein et al.
2004). Foetal or neonate body composition is not taken into account in the SGA or LGA

meausure (Sacks 2007).

2.2 Possible mechanisms between physical exercise and reproductive outcomes

Preterm birth

Few plausible mechanisms between exercise and preterm birth have been reported.
Exercise increases the level of adrenaline and noradrenaline, which may trigger uterine
contractions (Evenson et al. 2002; Riemann and Kanstrup, | 2000). In addition an in-
creased risk of preterm birth with physically demanding or predominantly stand-
ing/walking work has been reported (Henriksen et al. 1995; Saurel-Cubizolles et al.
2004). In the absence of effective treatments, bed rest and relief from daily chores has
been used in the prevention or treatment of preterm labour, based on the belief that
rest could reduce uterine activity. A Cochrane review found only one study to meet in-
clusion criteria and concluded that there was no evidence to support or reject bed rest

to prevent preterm birth (Sosa et al. 2004).

Foetal growth

Physical exercise may increase foetal growth due to an overall beneficial effect of ex-
ercise on the circulatory system, resulting perhaps in a larger placenta (Clapp, Ill and
Rizk 1992; Jackson et al. 1995). Furthermore, exercise is likely to increase the intake
of calories in the mother or result in a change in the composition or variation of the
mother’s food consumption. Exercise also has a hypoglycaemic effect (Bonen et al.
1992; Clapp, Ill and Capeless 1991; Lotgering et al. 1998), which may prevent the de-
velopment of gestational diabetes in the mother and thereby decrease the prevalence
of LGA-babies in exercising mothers (Alderman et al. 1998). However, a reduction in
uterine blood flow in relation to exercise has also been reported, explained by a redis-
tribution of blood flow away from the placenta to the working muscles (Clapp, 111 1980;
HART et al. 1956; Lotgering, Gilbert, and Longo 1983). In theory this might lead to foe-
tal hypoxia, which again could result in intrauterine growth restriction if no catch up
mechanisms follow the acute hypoxia. In the event of reduced uterine blood flow, not
only oxygen but also the glucose provision to the foetus may be decreased, which

might also lead to restricted growth.
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2.3 Literature on leisure time physical activity and selected offspring health re-

lated outcomes

Preterm birth

Both preterm birth per se and uterine contractility as an indicator of preterm birth have
been studied. A small trial (n=12) in the third trimester of pregnancy found bicycle er-
gometer and treadmill activities to be associated with increased uterine contractility, but
found no association for rowing machine, recumbent bicycle or upper arm ergometer
(Durak, Jovanovic-Peterson, and Peterson 1990). Uterine contractility was found to be
correlated with type of exercise but not with level of exertion. In a cohort of 81 pregnant
women climbing stairs and walking was associated with increased uterine contractility,
but this was not the case for ‘organized exercise’ (Grisso et al. 1992). Among 30
women with elective induction of labour starting with artificial rupture of membranes, it
was found that women who spent 20 minutes on cycle ergometer just after rupture of
membranes had an increased uterine contractility compared with those who did not cy-
cle (Spinnewijn et al. 1996). Other intervention studies have reported either no associa-
tion between vigorous exercise during pregnancy and gestational length at time of de-
livery (Duncombe et al. 2006), or slightly shorter gestational length (Kardel and Kase
1998). Most cohort studies have found no association between physical exercise and
preterm birth or gestational length (Grisso et al. 1992; Klebanoff, Shiono, and Carey
1990; Magann et al. 2002; Orr et al. 2006; Penttinen and Erkkola 1997; Perkins et al.
2007). Some cohort studies and a single case control study found a reduced risk of
preterm birth among exercising women (Berkowitz and Papiernik 1993; Evenson et al.
2002; Hatch et al. 1998; Hegaard et al. 2008; Juhl et al. 2008; Misra et al. 1998), how-
ever, shorter gestational length has been observed after exercise during pregnancy
(Clapp, Il and Dickstein 1984). As mentioned, Kramer & McDonald reported an in-
creased risk of preterm birth in a recent Cochrane review (Kramer and McDonald
2006). The findings were based, though, only on three small studies: The first study
had zero events in both treatment and control group, the second study had one event
in both treatment and control group, and the third study had three events in the treat-
ment group and one in the control group. Hence risk estimates were far from statisti-

cally informative.

Birth weight/foetal growth

Cohort studies of varying size (n= 30-7101) have reported either no association be-
tween physical exercise and birth weight or SGA (Alderman et al. 1998; Hegaard et al.
2009; Klebanoff, Shiono, and Carey 1990; Magann et al. 2002; Orr et al. 2006; Pentti-
nen and Erkkola 1997) or modest associations in opposite directions (Clapp, 11l and
Dickstein 1984; Hatch et al. 1993; Perkins et al. 2007). Alderman and colleagues,
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though, found a reduced risk of LGA with maternal exercise (Alderman et al. 1998). A
single case control study found exercise more prevalent among mothers of SGA-
children (Campbell and Mottola 2001). The study used a rather extensive exercise
measure, namely at least 5 sessions of exercise per week in late pregnancy. Most in-
tervention studies have found no association between exercise during pregnancy and
birth weight (Collings, Curet, and Mullin 1983; Duncombe et al. 2006; Kardel and Kase
1998; Lewis, Yates, and Driskell 1988; Marquez-Sterling et al. 2000). One randomized
controlled trial on 46 women who did not exercise before pregnancy found that babies
of mothers assigned to exercise 3-5 times per week during pregnancy to be on average
230 g heavier than babies of women who did not exercise (Clapp, Il et al. 2000). On
the contrary, a study on 75 regularly exercising mothers employed in the US military
service and randomized to one of three intensity groups during pregnancy, showed that
women with a high volume of exercise in mid/late pregnancy had lighter and thinner
babies than women who were assigned to reduce their exercise volume after gesta-
tional week 20 and that a reduction in exercise from early to mid/late pregnancy was
associated with increased birth weights (Clapp, Ill et al. 2002). Two meta-analyses
(Leet and Flick 2003; Lokey et al. 1991) reported no or only minimal differences in
mean birth weight in offspring of exercising mothers compared with those of non-
exercisers, although vigorous exercise in late pregnancy was associated with lower
birth weights (Leet and Flick 2003). The above mentioned Cochrane review concluded

that findings on birth weight are inconsistent (Kramer and McDonald 2006).

Swimming and reproductive outcomes

In countries with chlorinated drinking water, it is difficult to separate exposure from
swimming pools from that of drinking water. Hence, Denmark may be an ideal setting
for studying swimming in pools, because chlorination is usually not used for drinking
water, and swimming in indoor pools is popular. Only one study has addressed swim-
ming in pools based on a concern that disinfection by-products deriving from the
chemical cleaning processes of the water may have adverse reproductive effects.
However, Niuwenhuijsen et al found no association between swimming during preg-
nancy and birth weight (Nieuwenhuijsen, Northstone, and Golding 2002). In animal
toxicology literature high doses of disinfection by-products has been associated with
reduced birth weight and length (Graves, Matanoski, and Tardiff 2001; Nieuwenhuijsen
et al. 2000; Tardiff, Carson, and Ginevan 2006). Whether exposure to disinfection by-
products in drinking water is associated with adverse birth outcomes is still inconclu-
sive, but birth weight, SGA, preterm birth, miscarriages, stillbirths and congenital mal-
formations have been, and are still being, studied (Graves, Matanoski, and Tardiff
2001).
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2.4 Details on current guidelines

In 2004 the Danish National Board of Health published a handbook on physical exer-
cise during pregnancy ([Physical activity - a handbook on prevention and treat-
ment]2003). The handbook recommended that physically active women should carry
on with exercise during pregnancy and that non-active women should commence exer-
cising. These recommendations formed the basis for recent Danish guidelines pub-
lished in April 2009 (National Board of Health 2009). The conclusions in the recent
guidelines comply with those presented by The Danish Society of Obstetrics and Gy-
naecology, an association that aims at promoting the professional and scientific fields
of obstetrics-gynaecology in Denmark, including formulating guidelines on clinical is-
sues (DSOG 2008). Accordingly, healthy pregnant women should engage in moderate
exercise at least 30 minutes a day, no matter their activity level before pregnancy. In
the guidelines, the Borg scale of perceived exertion is shown, where moderate intensity
equals 12-13, corresponding to ‘some perceived exertion’ (see Enclosure 1) (National
Board of Health 2009). Furthermore, ‘Women at increased risk of pre-eclampsia or
gestational diabetes should exceed the general recommendations (amount and inten-
sity)‘, and ‘Women who were very physically active before pregnancy, can continue
this, perhaps at a slightly reduced level, as long as they feel well’ (my translation). Non-
weight bearing activities such as swimming or bicycling are recommended in case of
back pain or pregnancy related pelvic pain. A few precautions are taken: Women with
previous miscarriages are advised not to engage in very strenuous activities. Finally,
pregnant women are advised not to engage in diving, activities with heavy lifting or with
a risk of ‘hard bumps in the abdomen and activities with risk of uncontrolled crash or
fall at high speed’. A recent review draws similar conclusions (that pregnant women
should be physically active), although it is stressed in the review that the recommenda-
tions rely on sparse evidence (Hegaard et al. 2007). It seems that the physical exercise
message from the handbook from 2004 have been scaled down a little and simplified in
the succeeding Danish guidelines. In the handbook, it was stated that fitness training
up to a hard level (Borg scale 14-15) could be commenced in pregnancy ([Physical ac-
tivity - a handbook on prevention and treatment]2003). British antenatal guidelines con-
clude that physical activity at a moderate level is not associated with adverse out-
comes, and that pregnant women should avoid contact sports, high impact sports or
vigorous racquet sports due to the risk of abdominal trauma, falls or excessive joint
stress (RCOG 2003). In 2002 the American College of Obstetricians and Gynecologists
revised their 1994 guidelines to recommend healthy pregnant women to follow exercise
guidelines for non-pregnant women, except that the non-pregnant population should do

more intense exercise 20-60 minutes three to five days a week in addition to the gen-
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eral recommendation of 30 minutes of moderate activities at least five days per week
(ACOG 2002).

3 METHODS

3.1 The Danish National Birth Cohort

The analyses in this thesis are based on data from the DNBC. The cohort was initiated
in 1994, and through the years 1996-2002 100,418 pregnancies were enrolled. The
aim of establishing the cohort was to study short- and long-term consequences of ex-
posures early in life, including foetal life. Pregnant women were informed about the
study at the first antenatal visit to the general practitioner. This is usually scheduled in
gestational week 6 to 12. In Denmark, antenatal care is part of the public health system
and is used by 99 percent of all pregnant women (S. Rasmussen, National Board of
Health, personal communication, 2007). A woman was enrolled when a signed consent
form was registered at the study secretariat. Approval to use and store data from the
birth cohort for the present studies were obtained from the Steering Committee and the
Danish Data Protection Agency, respectively. Furthermore, the UCLA Institutional Re-
view Board approved the part of the studies that | worked on during my stays at Uni-

versity of California, Los Angeles.

When enrolled, the women were asked to complete two telephone interviews during
pregnancy and two after birth, to respond to a food frequency questionnaire in mid
pregnancy, and to give two blood samples during pregnancy and one cord sample from
the baby at birth. Information on exposures during pregnancy, course of pregnancy, the
postnatal period, the development of the child, and background information for the
mother and family was included in the interviews. The interviewers were thoroughly in-
structed and supervised regularly by a few of the DNBC research team, including the
author of this thesis. In the analyses, data from the two pregnancy interviews are used;
median gestational length at the time of the interviews were 16 completed weeks (10"
and 90" percentiles: 12, 23) and 31 completed weeks (10" and 90" percentiles: 28,
36), respectively. A woman was eligible to inclusion if she had a permanent address in
Denmark, did not plan to have an induced abortion, and spoke Danish well enough to
participate in the telephone interviews. The latter based only on considerations regard-
ing study funding. The intention was to invite all pregnant women in Denmark during
the recruitment period, which went on until 100,000 women were enrolled. In spite of a

substantial effort from the study personnel, only about half of the general practitioners

"In Paper 2 this number was 100,422 — a minor data cleaning procedure took place in the mean time.
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gave information about the study, and we estimate that approximately 60% of the

women invited chose to participate (Olsen et al. 2001).

A number of 100,418 pregnancies were included in DNBC, however for this thesis only
pregnancies where we had data from the first pregnancy interview are included
(n=90,165). Reasons for not having a first interview could be an induced or spontane-
ous abortion before the time of the first interview or that we were not able to obtain con-
tact for the interview. At least three attempts to get into contact for an interview were

made at a convenient time chosen individually by the participants.

Data were selected differently in the four papers depending on the specific analyses.
Figure 1 gives an overview of what participants were included in each of the studies. In
Paper | we studied predictors of exercise; all pregnancies were included except multi-
ple gestations, because these women are usually advised to confine physical activity
due to an increased risk of preterm birth. In Paper Il we used survival analysis and
based exclusions on the time window for preterm birth, i.e. a pregnancy was included if
not ended before gestational week 22 (the starting point for risk time) and if the first in-
terview was carried out before 37 gestational weeks (the ending point for risk time).
Sub-analysis on multiple pregnancies was also carried out. In Paper Il we included live
born singletons with known, plausible birth weights. Some women provided data on
more than one pregnancy; these data were used in a sibling study where we studied
differences in physical exercise between the pregnancies. For the main analyses, we
only included the first enrolled child of each mother to avoid non-independent observa-
tions. In Paper IV we restricted data to women who reported swimming, bicycling or no
exercise in the first and the second pregnancy interview, respectively, and multiple
pregnancies were excluded (please note that in Figure 1 numbers from the first preg-
nancy interview are shown, even though we also made analyses based on the second
pregnancy interview). In the analyses of preterm birth, SGA, and foetal growth in Paper
IV, we included pregnancies from the same criteria as in the corresponding analyses in

Papers Il and Ill. In the malformation-analyses we only included live born singletons.

Figure 1 gives an overview of inclusions and exclusions to the four studies presented in

the thesis.

Figure 1 Flow chart of Papers I-IV (next page)
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3.2 Exposures
Physical exercise is the main exposure under study in this thesis; however predictors of

physical exercise are being studied in Paper I, thus technically exercise is the outcome
here. In the first and the second pregnancy interview in DNBC the participants were

asked the questions listed in Box 1.

Box 1 Questions on physical exercise in The Danish National Birth Cohort.

1) Now that you are pregnant, do you engage in any kind of exercise?

2) What kind of exercise do you engage in?

3) How many times a week do you engage in...(answer in question 2)?

4) How many minutes a time do you engage in...(answer in question 2)?

5) Do you engage in other types of exercise?

A positive answer to the last question re-opened the above questions 2-5 until a negative re-

sponse was given.

From my experience as responsible for the education and supervision of the interview-
ers during most of the recruitment period, a few points could be identified: Only few
women expressed doubts about the timing of the questions, i.e. if the expression ‘Now
that you are pregnant...” have been imprecise to the women, this was not evident to us,
whereas whether a certain type of activity should be included as exercise incurred
more uncertainty. E.g. if a women was in doubt whether a walk with the dog or bicy-
cling as daily commuting should be included, she would be asked: ‘Do you become
sweaty or short of breath?’, and in case of a positive answer, the activity was coded as
exercise and the following questions on frequency and duration would be posed.
Hence, if a woman did not report a possible activity and did not express doubts about

it, it would not be registered.

Thirteen pre-defined types of exercise were subsequently categorized into seven
groups: Swimming, low impact exercise, high impact exercise, work out/fitness training,

bicycling, horseback riding, and a non-classifiable category. High impact exercise is
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defined as activities where both feet leave the ground at the same time. Thus, jogging,
ball games, and racket sports are included as high impact activities. In low impact ex-
ercise one foot is always on the ground, thus aerobic/gymnastics, and aero-
bic/gymnastics for pregnant women, dancing, walking/hiking, and yoga are included in
this group. Swimming and bicycling are weight bearing activities and both common in
Denmark, hence, treated separately. In Papers I-lll we have defined preferred exercise
as the type of exercise performed more than half of the total time per week spent on
exercise. Women who did not perform any single activity more than 50 percent of the
time were classified as ‘mixed exercisers’ and were included in the non-classifiable
category mentioned above. In the attempt to isolate the DBP exposure in Paper IV, the
exposed group consisted of women who reported any swimming, regardless of the

amount or the proportion compared with other types of exercise.

Amount of exercise was measured in three different ways. Firstly, we calculated the
total number of exercise sessions per week. In Paper | on predictors this measure was
used as the primary outcome with the categories 0, 1-2, and 3+ sessions per week ac-
cording to previous studies (Bouchard et al. 1994; Owe, Nystad, and Bo 2008; Zhang
and Savitz 1996). Although some of the reported exercise sessions are not sessions
per se, but rather e.g. daily bicycle commuting or a walk with the dog, the term ‘ses-
sion’ is used consistently in the included papers. Secondly, we calculated the total
number of minutes per week spent on exercise and categorized this into hours per
week. Finally, we calculated metabolic equivalent (MET)-hours per week, a widely used
measure that combines intensity and time spent on exercise into one measure (Ains-
worth et al. 2000). MET-hours per week were calculated by multiplying a given MET-
score for a given activity with the total number of minutes per week spent on the activ-
ity. The choice of MET-score for each activity was based on our best estimation from
the updated list of MET-intensities by Ainsworth et al (see the Enclosure 2 for a list of
all MET-scores used in this study). Total MET-hours per week were categorized into: 0,
>0-5, >5-10, >10-15, and >15 (based approximately on quartiles).

In Paper Il on preterm birth we studied the change in exercise pattern during preg-
nancy. To avoid overlapping between the first and the second pregnancy interview, we
restricted data to observations with a first interview carried out before 22 completed
gestational weeks and a second interview between 22 and 36 weeks, both inclusive. A
change in exercise was defined as an altering between the two interviews in the re-
sponse to the question of any exercise. For Paper Ill we constructed a measure of

change in exercise level between pregnancies within the same woman; a woman could
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move one or two steps upwards, stay at the same level, or one or two steps down-
wards between no, little and much exercise, where much exercise was defined as 90

minutes per week or more.

The questions on exercise in the Danish National Birth Cohort were similar to those
used in other studies on pregnant women (Dempsey et al. 2004; Misra et al. 1998;
Sorensen et al. 2003) and were a modified version of the Minnesota Leisure-Time
Physical Activity Questionnaire (Folsom et al. 1985; Taylor et al. 1978; Marsal et al.
1996).

3.3 Outcomes

Preterm birth was defined as delivery of a live born child after 22 and before 37 com-
pleted gestational weeks (Papers Il and IV) and postterm birth as a delivery after 42
weeks. SGA and LGA were defined as having a birth weight below the 10" percentile
and above the 90" percentile of the sex- and gestation specific birth weight within the
present study population in DNBC or alternatively according to an intrauterine foetal
weight standard (Marsal et al. 1996). The ponderal index, which is a measure similar to
body mass index in newborns, was calculated as ((weight in g)*100/(length in cm)?)
(Nguyen and Wilcox 2005). Subgroups of congenital malformations (circulatory, respi-
ratory, and cleft lip and cleft palate) were defined using ICD10 codes on malformations
registered within the first year of life (the 10" revision of International Classification of
Diseases). If a child had more than one malformation, the child was counted in each

applicable subgroup.

Data on gestational age at birth (days), birth weight (g), length (cm), head circumfer-
ence (cm), abdominal circumference (cm), placental weight (g), and congenital malfor-
mations were derived from The Medical Birth Register, which is part of the Danish Na-

tional Patient Register and comprises records on all births in Denmark.

In survival analyses of preterm birth, stillbirths were censored. The reason for not in-
cluding stillbirths as events was that the time from foetal death until delivery may be
dependent on gestational age. For practical reasons the overall term ‘foetal growth
measures’ is used for the birth size indicators measured at birth, acknowledging that
these measures are no more than proxies or indicators of foetal growth. Measures of

exposures, outcomes and associations are summarized in Figure 2.



Figure 2 Measures of exposures, outcomes and associations.
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3.4 Statistical methods

The four studies applied different types of statistical methods. Odds ratios of predictors

of physical exercise during pregnancy (Paper I) and of congenital malformations ac-

cording to exercise during pregnancy (Paper IV) were calculated using logistic regres-

sion analysis. Hazard ratios of preterm birth (Papers Il and 1V), SGA (Papers Ill and

IV), and LGA (Paper IV) according to exercise were calculated using Cox regression

analysis. Mean differences in foetal growth measures according to exercise (Paper Il

and V) were calculated by fitting linear regression models.
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The underlying time scale in the Cox proportional hazard models was gestational age
in days since last menstrual period, which was calculated backwards from the gesta-
tional age at birth as registered in The Medical Birth Register. Since preterm birth is
defined as a delivery between 22 and 37 completed gestational weeks, entry time into
follow up was 22 gestational weeks in preterm birth analyses, and observations were
censored at 37 weeks if still pregnant, whereas no time restrictions were applied to the
analyses of SGA and LGA. If the first pregnancy interview had not been carried out
when risk time started, entry time would be the gestational week at the time of the in-

terview.

The Cox models were stratified by gestational age at the time of the interview in order
to take different times of entry into follow-up into account. If a second pregnancy inter-
view had been carried out, exercise data were updated at the gestational age of the
second interview. In these cases the model was stratified by the time of the second in-
terview in the record concerning the last time of pregnancy. If we only had data from

the first interview, exercise data from this interview was used throughout pregnancy.

Some women participated with more than one pregnancy in the cohort. In Paper Il on
preterm birth we considered cluster sampling by comparing “naive” standard errors with
robust standard errors, and we found no cluster effect. In Paper Il on foetal growth we
subdivided data into one dataset comprising only the first enrolled child of each woman
and another one comprising siblings. In this study we did not evaluate a possible clus-

ter effect, but the problem was not relevant when dividing into the two datasets.

Preterm birth is often analysed by means of logistic regression. However, we preferred
to use survival analysis because 1) the women were most often not followed for the
same amount of time, 2) there may be both time dependent exposure variables, such
as exercise in both the first and the second pregnancy interview, and time dependent
effects, such as different effects of exercise at different levels of preterm birth (i.e. dif-
ferent gestational lengths), and 3) gestational age as a continuum may be more infor-
mative than arbitrary cut points as in logistic regression. The basic Cox regression
model is based on the assumption that an effect does not change over time, hence in
the preterm birth analysis we included an interaction term between exercise and time

categorised into extremely, very, and moderately preterm birth.



-23-

In the sibling study in Paper Ill on foetal growth measures, time unrelated factors, such
as genetic and perhaps socio-economic factors, are accounted for. It should be noted

though that the sibling study may oversample fecund families with larger families.

When we included quadratic spline functions for gestational age in the model, some of
these were found to be statistically significant indicating a non-linear relation between
gestational age and birth weight (Greenland 1995). Therefore, in the Cox analyses of
foetal growth measures, gestational age was modelled as quadratic splines, and age
and body mass index were modelled as restricted quadratic splines. When a quadratic
function is included, extreme values will have more weight; therefore the restricted
quadratic splines were used for age and body mass index to avoid too much weight on

extreme values.

In all of the included studies the choice of which possible confounders to include was
based on an a priori review of the literature, and all identified factors were included, if
available in our data. Prerequisites for including all possible confounders comprise a
large sample size, a small number of co-variates, and few missing values for the co-
variates. All co-variates except maternal age and diet came from the first (or in a few
cases the second) pregnancy interview in DNBC. Age came from the National Patient
Register, and diet came from a food frequency questionnaire in DNBC. The diet vari-
able was used in Paper | on predictors and was the only variable with a substantial
number of missing values, i.e. 25,736 out of 88,200, since not all women responded to
the questionnaire. Analyses were carried out both with and without the diet variable in
order to assess the importance of diet and of a possible selection into response to the

questionnaire.

4 RESULTS

4.1 Paperl

This paper on exercise habits and predictors of exercise during pregnancy was based
on 88,200 singleton pregnancies. We found that a little more than one third of the
women had been engaged in exercise when asked in early/mid pregnancy, and a little
less in late pregnancy. About half of the women exercised regularly at some point dur-
ing pregnancy, meaning that about half of the exercising women in early/mid preg-
nancy had ceased to do exercise in late pregnancy and another that another group of
women had commenced exercise. Bicycling, swimming and low impact activities were

the most common activities; swimming being the activity most persistently performed
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throughout pregnancy. Women who changed preferred exercise during pregnancy
were likely to switch to activities at the same or at a lower impact level, and further,
women who engaged in high impact activities in early/mid pregnancy were more likely
to cease exercise completely in late pregnancy compared with women engaged in

other kinds of activities.

The strongest predictors of doing any exercise during pregnancy were having a health
conscious diet, high alcohol consumption, or an eating disorder. Higher parity, smok-
ing, low self-rated health, and having a diet high in fat and low in vegetables were the
strongest predictors of not doing exercise. When frequent exercise, i.e. three sessions
or more per week, was studied, we found parity, alcohol consumption, and smoking to
be stronger correlated with any exercise than with frequent exercise, and being a stu-
dent and having an eating disorder were more strongly correlated with frequent exer-
cise than with any exercise. Not being married or cohabiting was associated with fre-
quent exercise but not with any exercise. Predictors of doing exercise throughout preg-
nancy were similar to those in early/mid pregnancy, and predictors for hours per week
were similar to those of sessions per week. As expected, being physically active during
pregnancy correlated with many background or lifestyle factors, some of which are po-

tential causes of reproductive failures.

4.2 Paper ll

In this paper on maternal exercise and preterm birth, analyses were carried out on
87,232 singleton pregnancies and 1964 multiple pregnancies, respectively. In the sin-
gleton population there were 4279 preterm deliveries (4.9%). Women who engaged in
physical exercise during pregnancy had a moderately reduced risk of preterm birth, and
risk estimates were of similar magnitude whether hours per week or MET-hours per
week were analysed, MET-hours being a measure of metabolic expenditure where
amount of exercise and intensity are combined. No dose-response relation was seen
between amount of exercise and the risk of preterm birth among physically active
women. When type of exercise was analysed, a slightly decreased risk of preterm birth
was seen for all types of exercise compared with no exercise (except horseback riding
with hazard ratio around one and with broad confidence intervals), but statistical signifi-
cance was seen only for low impact activities and swimming. Exercise in second half of
pregnancy seemed to account for most of the apparent decreased risk, since pregnan-
cies where the mother had exercised in late pregnancy, no matter the level of exercise
in early pregnancy, were less likely to result in a preterm delivery than cases where the

mother had exercised in first part of pregnancy. Analysing moderate, very and ex-
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tremely preterm birth did not indicate an interaction between exercise and the degree
of preterm birth. Restricting analyses to primigravida, nullipara, or women with no
symptoms of threatening preterm birth did not change the estimates substantially. Fur-
thermore, the associations found for multiple pregnancies were similar to those of sin-
gleton pregnancies. In conclusion, among participants in The Danish National Birth
Cohort, exercising mothers seem to have a slightly reduced risk of giving birth preterm.
One explanation could be that women with a low generic risk of preterm birth are more
likely to be physically active, a so-called healthy exerciser effect. Should the findings
reflect causal links, these would have positive public health importance, since very few

evidence-based strategies for preterm birth exists.

4.3 Paperlil

Foetal growth measures were analysed among 79,692 singleton non-siblings and 5584
singleton siblings according to the mother’s exercise during pregnancy. Our data indi-
cated a tendency towards slightly smaller size of offspring among exercising mothers
compared with non—exercisers when birth weight, birth length, ponderal index, head
and abdominal circumference, and placental weight were analysed. Statistically signifi-
cant trend tests were seen only for abdominal and head circumference. In addition to a
number of other co-variates, gestational age at birth was also included in the linear re-
gression model. When evaluating the included co-variates, smoking was found associ-
ated with lower birth weights and multiparity with higher birth weights. In a stratified
analysis, exercise was associated with lower birth weight in babies of non-smoking
mothers, whereas higher birth weights were seen among babies of exercising, smoking
mothers compared with non-exercising, smoking mothers. When birth weight according
to gestational age was dichotomised into SGA and LGA, respectively, logistic regres-
sion analysis showed slightly decreased risk of both SGA and LGA in the offspring of
exercising women. Furthermore, women who changed exercise level between preg-
nancies had on average larger babies than women who exercised at the same level in
the two pregnancies regardless of the direction of a change. Even though the mean
differences in birth size measures may be negligibly small, our results indicating both
smaller offspring birth size and a lower risk of SGA with maternal exercise are some-
what confusing. Possible explanations could be that intrauterine growth retardation can
occur at a wide spectrum of birth weights for gestational age. Furthermore, exercise
may have a restrictive overall effect on birth weight and at the same time may normal-
ize glucose levels (e.g. in obese women and thus decrease the risk of LGA) and oxy-

gen transfer (e.g. in smoking women and thus decrease the risk of SGA).
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4.4 PaperlV

In this last paper of the thesis we examined the association between swimming during
pregnancy and a number of birth outcomes (pre- and postterm birth; foetal growth
measures, including birth weight and SGA; and congenital malformations) based on the
hypothesis that bi-products from disinfectants used in swimming pool water could have
unfavourable effects on the foetus or the pregnancy. Depending on the outcome, and
hence the statistical method, the study populations varied from 70,004 to 73,655 preg-
nancies. Overall, the data did not point towards adverse birth outcomes related to
swimming. When we compared swimming in early/mid pregnancy with bicycling, which
we did to exclude a possible effect of exercise, measures of association were similar
apart from a modest and borderline statistically significant decreased risk of preterm
birth with swimming. Women who reported swimming in both the first and the second
pregnancy interview tended to have heavier babies, slightly longer babies and with lar-
ger abdominal circumferences, but the differences were small. When we compared
swimmers with non-exercisers, we found a modestly decreased risk of preterm birth
and borderline statistically significant decreased risk of SGA and congenital malforma-
tions among swimmers. In general, there were only minor differences between meas-
ures of association for swimming in early/mid pregnancy and throughout pregnancy. In
order to evaluate high exposures, swimming 1.5 hour per week or more was examined
but no differences of importance were seen between high and low levels of swimming
or between high levels of swimming and high levels of bicycling. In our data there were
no marked differences in outcomes between swimmers and bicyclists, which could in-
dicate that disinfection by-products at the exposure levels we studied are not causing

adverse pregnancy outcomes.

5 DISCUSSION

In a little more than one third of the pregnancies the mothers engaged in exercise in
the first part of pregnancy, while a little fewer did so in late pregnancy. In half of the
pregnancies the woman exercised regularly at some point in pregnancy indicating that
a substantial proportion of the women change their exercise habits over the course of
pregnancy. Being physically active during pregnancy correlated with a number of back-
ground or lifestyle factors. Furthermore, women who engaged in physical exercise dur-
ing pregnancy were less likely to give birth before term and to have an SGA or LGA
baby. Slightly smaller birth size measures, such as weight and length, were also ob-
served in exercising women, but these differences were small. The observed associa-
tions were in general not affected by amount or type of exercise. As swimming in an

earlier study was found to be an activity not related to miscarriage and due to a con-
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cern that disinfection by-products in swimming pool water may be disadvantageous to
the pregnancy or the foetus, we examined reproductive outcomes in women who re-
ported swimming or other water activities during pregnancy and found that the birth
outcomes under study (all of the above plus postterm birth and congenital malforma-

tions) were not related to swimming.

5.1 Comparison with existing research

5.1.1 Exercise habits and predictors (Paper )

In DNBC, 37% of the women engaged in exercise in early/mid pregnancy and 30% in
late pregnancy, and almost 50% had reported exercise in either the first or the second
interview. These are two ways of reporting the exercise measure. If we compared with
the corresponding measures in other studies, our statistics were lower. Previous re-
ports varied between 42% and 67% (n=386 to n=6528). One explanation for the devia-
tion from other studies could be definition differences in the physical activity measure;
some studies used leisure time physical activity in general, including e.g. gardening
(Evenson, Savitz, and Huston 2004; Ning et al. 2003; Petersen, Leet, and Brownson
2005), whereas DNBC and others asked the women about exercise and/or sports
(Zhang and Savitz 1996). Another explanation could be differences in the gestational
timing of reported physical activity; in one study the gestational dating of the interview
was random and not registered, and the reported prevalence covered the whole preg-
nancy period until time of interview (Evenson, Savitz, and Huston 2004), whereas oth-
ers covered only the first part of pregnancy (Ning et al. 2003). In DNBC the women
were interviewed twice during pregnancy, but even with two interviews the timing was
not fully distinct: We asked ‘Now that you are pregnant, do you engage in...’, and due
to this wording some women may have answered according to the time around the in-
terview and others according to the whole pregnancy until the time of the interview. Fi-
nally, when studying a behavioural factor like physical activity, substantial cultural dif-

ferences must be expected.

The above possible explanations for differences in physical activity during pregnancy
between studies should be interpreted with caution. The DNBC and a number of the
other studies were not designed as prevalence studies with representative study popu-
lations. We know that there was a selection into the DNBC with participants being on
average healthier than the background population (Nohr et al. 2006) (please see 5.2.1
on selection bias). Hence, when comparing this selected DNBC population with other

studies, which may be subject to other selection mechanisms, some degree of bias is
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inevitable. A comparison with The Norwegian Mother and Child Cohort Study (MoBa)
may be more appropriate, since the two cohorts are similar in many ways, but still the
prevalence of ‘any exercise’ was substantially higher in MoBa than in DNBC (Owe,
Nystad, and Bo 2008). In early/mid pregnancy it was 59% (vs. 37% in DNBC) and in
late pregnancy 47% (vs. 30% in DNBC). In the MoBa study strolling was not included
as exercise, whereas a differentiation between strolling and brisk walking was not pos-
sible in DNBC, so a broader range of walking intensity may have been included in the
walking-category in DNBC. However, having included strolling would have made the
Norwegian exercise prevalence even higher. Such differences between two in principle
comparable studies speak in favour of considerable cultural differences in the engage-

ment in physical activity.

When it comes to predictors of exercise, we observed a higher degree of consensus
between studies, which is in line with the above selection bias reasoning. Except for
age, the predictors identified from our data were overall in line with previous studies
reporting higher education and income, younger age, not having older children, non-
smoking, and pre-pregnant non-overweight (Domingues and Barros 2007; Evenson,
Savitz, and Huston 2004; Ning et al. 2003; Owe, Nystad, and Bo 2008; Petersen, Leet,
and Brownson 2005; Zhang and Savitz 1996). We found higher age associated with

exercise engagement, especially in late pregnancy.

In two US-based studies, married women were more likely to be active than non-
married women (Ning et al. 2003; Petersen, Leet, and Brownson 2005). This was sup-
ported in our data for any exercise in late pregnancy, but in early/mid pregnancy
women living alone were more likely to engage in frequent exercise. Cohabiting without
being formally married is frequent in Denmark, which is the reason why we did not
separate the married group from the cohabiting group as they did in the US studies.
From this follows at least two issues: In our data, women living alone during pregnancy
form a highly selected group. Furthermore, the non-married group in the US-studies is
composed differently from the Danish group because it also comprises cohabiting, al-
though the proportion of cohabiting couples is likely to be much smaller in the US than
in Denmark. Another reason for a higher degree of activity among married women in
one of the US-studies may be that e.g. household activities and gardening is included
(Ning et al. 2003).

Finally, we found a diet low in fat and high in vegetables associated with exercise. The

only other study that included diet found a diet high in protein and low in carbohydrate
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associated with leisure time physical activity. One consistent finding in our study was
an increased likelihood of exercising with increasing intake of alcohol (up to 5+ drinks
per week, which was our highest intake category). This has not previously been re-
ported, although Zhang et al found alcohol intake associated with physical activity in
non-pregnant women (Zhang et al. 2006). What may be surprising in our data is that

higher intakes were more strongly associated with exercise than lower intakes.

Table 1 gives an overview of studies on exercise habits and correlates of exercise dur-

ing pregnancy (next page).
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5.1.2 Exercise and preterm birth (Paper Il)
The average preterm birth prevalence was 5.5% over the years 1997-2003 in DNBC,

which is similar to the overall prevalence in Denmark, namely 5.2% in 1995 and 6.3%
in 2004 (Langhoff-Roos et al. 2006). We found a slightly decreased risk of preterm birth
among women who had exercised during pregnancy, which is supported by a few co-
hort studies and a single case control study (Berkowitz and Papiernik 1993; Evenson et
al. 2002; Misra et al. 1998). As previously illustrated, the relation between exercise and
preterm birth is inconclusive, both due to overall different results but also to a consider-
able extent due to different measures of physical activity. Most studies, both interven-
tion and cohort studies report no association with gestational age or preterm birth
(Duncombe et al. 2006; Grisso et al. 1992; Klebanoff, Shiono, and Carey 1990; Ma-
gann et al. 2002; Orr et al. 2006; Penttinen and Erkkola 1997; Perkins et al. 2007).
Only few studies (one intervention and one cohort) have reported slightly shorter gesta-
tional lengths among exercising women (Clapp, Il and Dickstein 1984; Kardel and
Kase 1998). A Cochrane review suggested an increased risk of preterm birth with ex-
ercise, but this was based on only three studies with very few observations and a dif-
ference was only observed in one of the three studies, therefore | agree with the au-
thors that these results do not add conclusive evidence (Kramer and McDonald 2006).
A reduced risk of preterm birth may not be in line with the findings of a few small trials
indicating an increased uterine contractility with physical activity (Durak, Jovanovic-
Peterson, and Peterson 1990; Jovanovic, Kessler, and Peterson 1985; Spinnewijn et
al. 1996). On the other hand, there may be substantial differences in the biological re-
sponse to induced physical activity in last part of pregnancy after rupture of mem-

branes than that of regular exercise at earlier stages of pregnancy.

5.1.3 Exercise and foetal growth measures (Paper lll)

Contrary to most other studies we examined different measures of offspring size at
birth and found slightly smaller babies of exercising mothers compared with those of
non-exercisers. Furthermore, we found a slightly decreased risk of SGA in the offspring
of exercising mothers. Two small trials (n=20 and 28) included length and/or placental
weight but found no association with physical activity (Collings, Curet, and Mullin 1983;
Lewis, Yates, and Driskell 1988). In two other trials (n=46 and 75), however, Clapp and
colleagues found offspring of women who began exercise in early pregnancy to be
heavier and longer, whereas the offspring of women who continued exercise during

pregnancy were lighter and thinner (Clapp, Il et al. 2000; Clapp, Il et al. 2002). In
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studies analysing mean birth weights, existing literature is difficult to summarize be-
cause results point in different directions, and the direction of results does not seem to
be correlated with study design. Apart from these two studies, most intervention studies
report no association in mean birth weight (Collings, Curet, and Mullin 1983; Dun-
combe et al. 2006; Kardel and Kase 1998; Lewis, Yates, and Driskell 1988; Marquez-
Sterling et al. 2000). For cohort studies the same non-consistent pattern is seen
(Clapp, Il and Dickstein 1984; Hatch et al. 1993; Klebanoff, Shiono, and Carey 1990).
We found a slightly decreased risk of SGA, which is in contrast to a case-control study
using an extensive case definition (5 sessions per week in last part of pregnancy)
(Campbell and Mottola 2001) and a small cohort study that found an increased risk of
SGA in women who continued exercising throughout pregnancy (Clapp, Il and Dick-
stein 1984). Both studies were of modest size (n=228 and 429). A study using a highly
selected group of fit pregnant women in the US Navy did not find exercise associated
with SGA (Magann et al. 2002). Our data support the findings by Alderman and col-
leagues showing a decreased risk of LGA in the offspring of exercising (Alderman et al.
1998).

Although we observed a tendency towards smaller birth size measures (birth weight,
length, ponderal index, abdominal and head circumference, and placental weight), our
interpretation is that the magnitude of these associations is too small to be of clinical

relevance.

Table 2 gives an overview of studies on physical activity/exercise and reproductive out-

comes (next page).
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5.1.4 Swimming and reproductive outcomes (Paper V)

Overall, we did not find swimming associated with adverse birth outcomes. Despite a
substantial number of studies on drinking water and reproductive outcomes, only a sin-
gle study has reported on the use of swimming pools during pregnancy using data from
The Avon Longitudinal Study of Parents and Children (ALSPAC) (Nieuwenhuijsen,
Northstone, and Golding 2002). The findings were very similar to ours. In the ALSPAC
study they compared swimmers with never-swimmers and found increasing birth
weights with increasing amount of swimming, but differences were small and not statis-
tically significant, as in our study. The swimming measure in ALSPAC was reported in
gestational week 18-20, almost equivalent to data from the first pregnancy interview in
DNBC. However, the reference groups may not be directly comparable; we compared
swimmers with bicyclists and non-exercisers, respectively. The reference group in the
ALSPAC study comprised both non-exercisers and women doing other kinds of exer-
cise than swimming, which corresponds to a mixture of the different reference groups,
we have used. However, it is likely that a large proportion of the never-swimming group
were non-exercisers. The largest differences in mean birth weight in our study were
seen among women who reported swimming in late pregnancy compared with no exer-
cise (+27 g, 95% confidence interval +3, +51). Neither of the two other studies on other
pregnancy outcomes (miscarriage and neural tube defects) found associations with
swimming during pregnancy (Klotz and Pyrch 1999; Waller et al. 1998). No other stud-
ies have included a variety of birth outcomes, as we have, or made comparisons with
both non-exercisers and a comparable exercise category. Thus, we have studied the
topic more extensively and detailed than what has been done before and conclude that

swimming is not likely to be associated with adverse birth outcomes.

5.2 Methodological considerations

5.2.1 Selection bias

Selection bias is present if the association between exposure and outcome differs be-
tween study participants and those theoretically eligible for the study, including those
who were invited but did not participate (Rothman, Greenland, and Lash 2008). Selec-
tion bias may occur as incomplete follow up or as non-participation at the time of en-
rolment (or as in DNBC at the time of an interview). Due to national registers and civil
registration numbers in Denmark, less than 1% of mothers or children are lost to follow-
up, and since all of the outcomes in the studies (except in Paper |) are based on regis-

ter data, selection bias due to loss to follow up is considered a minor problem.
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Only around 30% of the eligible women were actually enrolled in DNBC, which may
constitute an important source of bias, especially for descriptive purposes. Selection
into the cohort took place at (at least) two levels: At the general practitioner level, and
at the individual level. The largest proportion of non-participation occurred at the level
of the general practitioners, since only about 50% of the general practitioners informed
the pregnant women about the study. Even though | believe this bias source to be less
pronounced than that on the individual level of the women, some selection may have
taken place at the general practitioner level. There might have been a selection as to
what doctors chose to participate, perhaps based on the socio-economic composition
of their patients, and further, we know from telephone calls to the general practitioners
that some potential participants were not informed about the study due to individual
considerations, such as very young age, low socio-economic status or similar, even

though their doctor usually took part in the recruitment.

Selection bias into the cohort is a true concern in the first part of Paper | when assess-
ing the prevalence of physical exercise. Prevalences were lower in DNBC than what is
seen in other studies. Variations in study design and in the measure of exer-
cise/physical activity may explain only part of this deviation. If exercise engagement is
actually lower than in e.g. the US and Norway, this is somewhat surprising, because
participants in DNBC were on average healthier than the general population, and thus
we would have expected to see a higher exercise participation compared with all preg-
nant women in Denmark. If this is true, exercise engagement should be even lower for
the general pregnant population in Denmark. However, acknowledging that DNBC was
not designed to be representative for the pregnant population in Denmark at large, the
selection into the cohort did not seem to bias risk estimates for selected associations in
a study on low participation in cohort studies (Nohr et al. 2006), and hence this is not

considered a major concern in the part of Paper | on predictors or in Papers II-IV.

In some analyses, data from the second pregnancy interview were necessary, which
might cause further bias if participation in the second interview was associated with ex-
ercise. When we compared exercise data from the first and the second interview we
found that the participation rate for the second interview was similar (92-93%) for all
categories of amount and type of exercise, indicating no differential selection bias con-
cerning accomplishment of the second interview (having a first interview was required

in all analyses presented in this thesis).
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A “healthy exerciser effect” and perhaps a “healthy foetus effect”

Some of our findings suggest exercise to be favourable during pregnancy, e.g. we
found exercising women to be at decreased risk of preterm birth. Such findings may be
explained by a “healthy exerciser effect”. This is equivalent to the idea of the healthy
worker effect, where non-workers may not be an appropriate comparison group for
workers in the studies of occupational diseases, because severely ill or disabled per-
son may be excluded from occupation, and thereby the working group produces better
average health outcomes (Porta 2008). Women with poor health or with uncomforting
symptoms in pregnancy may be less likely to exercise than healthier women, and if, at
the same time, some risk factors for poor health or uncomforting symptoms are shared
with risk factors for preterm birth, exercise will turn out as a preventive factor for pre-

term birth because of a lower generic risk among exercising women.

If participants had stopped exercising because of contractions or other symptoms of
threatening preterm birth we would see ‘reverse causation’ leading to an underestima-
tion of a possible beneficial exercise effect. This may partly explain our findings indicat-
ing that exercise in late pregnancy seemed to account for most of the decreased risk of
preterm birth, since women who exercised in late pregnancy were less likely to give
birth before term than women who exercised in first part of pregnancy. However, ex-
cluding women with symptoms of threatening preterm birth did not change the results

much.

Our study on the risk on miscarrigae indicated that physical exercise was associated
with an increased risk in early pregnancy up to gestational week 18 (Madsen et al.
2007). It may be speculated that some foetuses are vulnerable to their mothers being
physically active in the first part of pregnancy, and that the ones who survive the first
part of pregnancy are robust towards exercise and also are the ones with the least like-

lihood of being born preterm, in other words, a “healthy foetus effect”.

5.2.2 Information bias

Information bias occurs as a consequence of measurement error, i.e. if the exposure or
the outcome is subject to misclassification, this will bias the results (Rothman,
Greenland, and Lash 2008). Misclassification may be differential (vary between expo-

sure groups) or non-differential (be the same in all study groups) (Porta 2008).
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5.2.2.1 Misclassification of exposure

Timing

Due to the wording of the interview questions it was not possible to analyse the precise
timing of exercise during pregnancy. E.g. some of the women registered as non-
exercisers or as doing only little exercise may have been exercising at higher levels
earlier in pregnancy. We could have used the gestational dating of each of the inter-
views, but this would not have solved the problem totally, because we do not know ex-
actly how each woman understood the wording: ‘now that you are pregnant...’. Proba-
bly some have interpreted this as exercise around the time of the interview, whereas
others may have reported an average over the first part of pregnancy. In survival
analyses we stratified by time of interview to take into account the varying timing of the

interviews.

Intensity of exercise and the use of MET-scores

A recent review concluded that most studies lack adequate information on intensity,
duration, and frequency (Schlussel et al. 2008). While frequency and duration of exer-
cise sessions may be more straightforward, we lack good data on the intensity of per-
formed exercise. The closest we get to an intensity measure is using the type of activity
as a proxy measure. In Paper Il on preterm birth we made additional analyses on MET-
hours per week. MET-scores were originally designed to combine intensity and time
spent on exercise into one measure and were developed specifically for use in obser-
vational studies using questionnaires (Ainsworth et al. 2000). One advantage of using
MET-scores is that time spent on exercise and the type of activity sometimes are so
closely intercorrelated that usual confounder adjustment is not appropriate. Hence, in
the analyses where we did not use MET-scores, we did not adjust activity type and
amount of exercise for one another. The reason why, on the other hand, we did not use
MET-scores in all the papers is that we are concerned about the validity when turning a
type of exercise into a measure of intensity; there is a risk of adding random variation
by applying an assumed intensity to a certain activity. By using type and amount of ex-
ercise, our core variables, we were not dependant on making the right choice of MET-
scores for each activity. Even though we had two researchers independently going
through all the listed MET-scores, our final choice of MET-scores for each activity is still
only a ‘best guess’ on which intensity is the most probable in a Danish pregnant popu-
lation. In the original MET-score list by Ainsworth, the range of applied MET-scores for
e.g. bicycling, one of the most common activities among our participants was 4.0-16.0
with 8.0 for ‘bicycling, general’ (please see Enclosure 2). Furthermore, if mechanical

incidents like bumps and jumps account for an association this will not necessarily
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show up in MET-analyses. In any case, our data did not indicate any differences of im-

portance between using hours per week of exercise and MET-hours per week.

5.2.2.2 Misclassification of outcomes

Gestational age

No matter what method is used for calculation of gestational age, some degree of
measurement error will persist. When using last menstrual period for calculation, ir-
regular menstrual cycles, bleeding after the time of conception, insufficient recollection
of last menstrual period are some common uncertain factors. When using ultrasound
examination, simple measurement errors may be present, and the gestational age is
often ‘set back’ a few days resulting in a higher reporting of preterm births (Gardosi and
Geirsson 1998; Olesen et al. 2004; Tunon, Eik-Nes, and Grottum 1996; Yang et al.
2002). In this thesis we have used the gestational age as registered in the Medical
Birth Registry based on the midwives’ reporting just after a delivery. Since almost all
women have at least one ultrasound examination during pregnancy, today this report-
ing is most often based on ultrasound examination. However, in principle the midwife
(or physician) should make the ‘best clinical estimate’ when deciding the gestational
age at birth, and this should be based upon all known factors: e.g. ultrasound, last
menstrual period, menstrual cycle length and irregularities, and also on clinical maturity
signs in the newborn. To what extent the gestational dating is actually changed after
delivery based on maturity signs in the newborn is unknown. From clinical experience,
however, | consider this rarely done and therefore claim that the gestational dating from
the Medical Birth Registry is most often based on ultrasound examinations. When us-
ing gestational age based on ultrasound, we may introduce a systematic error if exer-
cise had a great effect on growth in first part of pregnancy. E.g. if exercise restricts
early foetal growth, foetuses of exercising mothers will on average be estimated
younger than their actual age from early ultrasound examinations. The use of ultra
sound examination in pregnancy has increased over the years of data collection to
DNBC (Jorgensen 2003), which may bias our results if data from the last part of the
data collection period to a greater extent were based on ultra sound compared with

those from the first years.

Foetal growth measures

Measurement errors are unavoidable when it comes to measurement of the size of a
newborn. Measures like abdominal circumference and placental weight are particularly
uncertain. It seems unlikely though that these errors should differ according to exercise

and result in differential misclassification.
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We analysed both average mean birth size measures and SGA/LGA. Though largely
used, dichotomisation as in SGA can be questioned, since intrauterine growth retarda-
tion can occur at a wide spectrum of birth weights for gestational age if the condition is
defined as ‘a failure of the fetus to achieve its target birth weight’, where the afflicted
babies not necessarily are among the smallest 5 or 10% (Basso, Wilcox, and Weinberg
2006). We believe to have covered this aspect in detail with the available data by ana-
lysing both mean birth size and SGA/LGA. It follows that the apparent contradictory re-
sults may in fact not be contradictory, i.e. smaller average birth size can be present but
not necessarily show among the smallest 10%. Exercise may affect ‘normal growth’ but

not necessarily pathological growth.

For many years, the focus has been on health risks in small babies, to a large extent
based upon older observational studies and also boosted by the foetal origins hypothe-
sis (Barker et al. 1989; Barker et al. 1990), but confounder structure regarding birth
weight may be different today. Earlier, high social status was associated with better nu-
trition leading to better fed mothers having larger babies. Today, however, lower social
classes have higher prevalence of obesity, leading to higher risk of diabetes and hence
larger babies. Therefore, instead of just using birth weight, we approximated body
composition analyses (acknowledging that we do not have direct measurements of or-
gan growth etc.), and we used linear regression to analyse possible effects in both di-

rections of growth, and finally both SGA and LGA were studied.

5.2.3 Confounding

Confounding occurs if an estimated association between exposure and outcome is af-

fected by a common cause of the exposure and outcome (Porta 2008).

Physical exercise during pregnancy was strongly correlated with other life style factors
and health conditions. Adjusting for factors like a healthy diet, no smoking, or a good
self-rated health would most likely affect associations between physical exercise and
health outcomes towards a protective effect of physical activity, but these ‘protective’
effects may be due to confounding from a cluster of other closely correlated life style
factors. However, in our data we had access to a number of lifestyle factors, which we

used for confounder control in the studies of reproductive outcomes (Papers II-1V).
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The modestly elevated risk for preterm birth, SGA and congenital malformations seen
among non-exercisers could be related to medical reasons for not doing exercise.
Pregnancy complications such as bleeding in pregnancy, gestational hypertension,
uterine contractions will most likely reduce the level of physical activity. If such compli-
cations also lead to restricted foetal growth, they will bias the results towards showing
reduced foetal growth in women who do not exercise (reverse causation). Repeating
the analyses in a population free of clinical indications for not doing exercise did not

markedly alter our estimates of any importance.

Some factors may both be confounders and intermediate factors. For example, if
bleeding is an early symptom of preterm birth and if bleeding reduces maternal physi-
cal activity, it works as a confounder and reverse causation is present. If, on the other
hand, exercise results in contractions, which increase the risk of preterm birth, the con-
tractions work as an intermediate between exercise and preterm birth. In the latter ex-
ample, one should not adjust for contractions because a part of a possible effect would
be taken out, and the measure of association would be biased toward the null. In our
data it was not possible to differentiate between reverse causation and intermediate
factors regarding symptoms during pregnancy. Hence in Paper Il on preterm birth and
Paper Il on foetal growth, we repeated the analyses in a population restricted to
women with no prenatally reported warning signs for preterm birth and found no impor-

tant differences.

Even though previous preterm birth is a strong risk factor for preterm birth in subse-
quent pregnancies, we did not include this in the model in Paper Il. If previous preterm
birth share causes, e.g. physical exercise, with preterm birth in a subsequent preg-
nancy, we would take away the effect of exercise if we adjusted for previous preterm
birth. In Paper Il we made additional analyses restricted to primigravida and primipara,

respectively, and this did not alter preterm birth risk estimates of any importance.

In Paper Ill we adjusted for gestational age in analyses of foetal growth measures.
Gestational age is a part of birth weight and thus somewhat different from other co-
variates. By adjusting for gestational age in linear regression analysis, it is assumed
that a given possible absolute reduction in birth weight is the same for a child born pre-
term, term and postterm and not relative to the mean size at birth at a given gestational
age, which may be a strong assumption. In my opinion, however, birth weight does not

really make sense as an indicator without taking gestational age into account one way
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or the other. Hence, gestational age was modelled as quadratic splines in our analyses

of foetal growth measures (Greenland 1995).

Another subject of discussion in foetal growth analyses is maternal gestational weight
gain, because it is not only part of the outcome but also a potential intermediate factor
in the causal mechanisms between exercise and size at birth. In Paper Il on foetal
growth, we preferred to leave gestational weight gain out of the analyses for that rea-
son. Our data indicated that exercisers were less likely than non-exercisers to have a
high gestational weight gain, which could partly explain the apparent protective effect
on LGA, and even though we adjusted for pre-pregnancy body mass index, we may
see an obesity effect if body mass index was not properly adjusted for or if overweight
women are likely to gain more weight during pregnancy than non-overweight women.
This is supported by Haakstad et al who found regular exercise associated with lower
gestational weight gain, however statistically significant only for data from the third tri-
mester (Haakstad et al. 2007).

Women with any kind of diabetes were excluded in Paper Il on foetal growth, because
the causal directions between diabetes, exercise and birth weight are very complex,
and we would not be able to tell the directions of possible effect modifications from the
available data. If the women with or at increased risk of diabetes follow current advice
of doing more exercise than the general pregnant population, effects in opposite direc-
tions may work: the tendency of diabetic mothers having larger babies and the possible
tendency that exercise reduce birth weight. As for gestational weight gain, this should

be addressed in a future study.

The presence of women who participated with more than one pregnancy made a sib-
ling analysis possible, where time stable between-subject confounding variables are
controlled for such as parental genetic factors (except that the father may not be the

same), which was done in Paper Il on foetal growth measures.

5.2.4 Selected statistical issues

In survival analysis of preterm birth we did not exclude pregnancies where the infant
subsequently was diagnosed with a malformation. The presence of a malformation is
usually not known until the baby is born, and since the selection into follow up in sur-
vival analysis should only be conditional upon factors known at that time, these preg-

nancies were included. Furthermore, we decided not to define infants with malforma-
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tions as events, but rather made them censored at birth, because of a possible interac-

tion between exercise and malformations on the risk of preterm birth.

The WHO definition of preterm birth includes both live- and stillbirths. Our decision of
not coding stillbirths (n=285) as events in Cox regression analysis may not fully corre-
spond to the WHO definition. However, the decision was made because the time spent

in utero after foetal death may differ according to gestational age.

Missing values can be dealt with in different ways. One way is to limit analysis to ob-
servations with no missing in any of the included variables (complete case analysis).
For descriptive purposes | prefer, however, to see the ‘gross’-numbers, hence, these
are shown in the descriptive tables in Papers I-lll. When doing so, study populations in
descriptive statistics are not identical with those of tables of measures of association,
because complete case analysis is used in the regression models. For transparency
reasons in the Papers, the overall numbers of observations are presented in head of
the tables, and numbers of missing values for each variable are presented in footnotes.
Imputation is another way of handling missing values; however we did not make use of
this.

The fact that the diet variable used in Paper | on predictors had many missing values
was dealt with by carrying out the analyses both with and without this variable. We
found diet to be associated with exercise, but the selection into responding/non-
responding the food frequency questionnaire did not seem to affect the associations

between other maternal characteristics and exercise.

An alternative to adjusting for gestational age would be to analyze gestational age-
specific z-scores for the foetal growth measures. We preferred, however, to present
regression coefficients in grams, centimetres etc. rather than in standard deviations,

since we found this approach more direct and applicable for clinical purposes.

It should be noted that studies of a size as DNCB may sometimes produce results that
are statistical significant just because of the statistical power due to the large sample
size, and this does not necessarily render findings of clinically relevance, as may be
the case for our findings on (statistically significant) slightly smaller birth size in the off-

spring of exercising mothers.
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5.2.5 Our findings and possible biological mechanisms

Our findings do not support the hypothesis that exercise should increase the risk of
preterm birth, perhaps due to a rise in adrenaline and noradrenaline during physical

activity, since we find a slightly reduced risk among exercising women (Paper ).

In Paper Il on foetal growth measures we found slightly smaller babies, when exam-
ined in a linear model, but no increased risk of SGA with maternal exercise. This could
be partly explained by a reduced fat mass in the offspring of exercising mothers. If we
had proper measurements of body composition, such as DEXA-examinations of foetal
lean and fat body mass, we might have been able to detect possible specific effects on
foetal tissue growth. We did not have such detailed data, but, on the other hand, if ex-
ercise has strong specific effects on foetal growth this should be revealed with the birth

size measures used in this study.

Our findings on slightly smaller babies among exercising mothers may be mediated by
a reduced risk of gestational diabetes, which also corresponds with our findings on a
reduced risk of LGA with exercise. Since we excluded women with previous gestational
diabetes, diabetes before pregnancy, or gestational diabetes diagnosed or suspected
in this pregnancy, the above speculations only apply to women with gestational diabe-

tes diagnosed after the time of the first pregnancy interview.

An overall beneficial effect of exercise on the circulatory system of the mother might
result in increased foetal growth, however our findings do not point in the direction of
larger babies with exercise, perhaps apart from the decreased risk of SGA. On the
other hand, if physical exercise reduces the rate of LGA infants without shifting the en-
tire birth weight distribution downwards, exercise may be beneficial by reducing the ad-

verse consequences of overgrowth.

5.2.6 Discussion of (future) study design

Even though The DNBC was designed as an almost ideal type of birth cohort by having
recruitment in early part of pregnancy, by having prospectively collected exposure data,
and by being the largest birth cohort with pregnancy recruitment in the world at the time
of completed recruitment, the descriptive work from this thesis reveals a methodologi-
cal challenge to observational studies when it comes to lifestyle epidemiology. Ran-
domized controlled trials have important advantages over observational studies (e.g.

they should be less susceptible to confounding), but they also have limitations since
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they are not always possible for ethical or practical reasons. While it may pose ethical
concern to randomize women to no exercise, it seems acceptable to divert them into
different activity groups or to a training programme, but for comparison this requires
training not to be part of routine antenatal care. It may also be difficult to obtain a high
compliance e.g. when usually non-active women are allocated to an active intervention.
A randomized controlled trial may be feasible in studies of specific causal mechanisms
or specific aspects of physical activity but perhaps not for physical activity in general
and usually this approach is taken only for limited types of regimes of exposures (exer-
cise). Rare outcomes such as foetal death or perhaps preterm birth may also require
too large samples for controlled trials, while more frequent outcomes like pre-
eclampsia, gestational diabetes, gestational weight gain, or size at birth could be stud-
ied this way. Because of the inability to study rare outcomes in controlled trials (or
smaller cohorts), biomarkers could be useful. In order to examine possible effects of
general exercise or overall physical activity, i.e. what ‘normal’ women do in ‘normal’
daily life, the preferred method would be observational studies with rich data on poten-
tial confounders. Hence, the analyst is faced with a choice of either observational stud-
ies that are able to accurately measure not just physical activity but also other factors
strongly correlated with physical activity, e.g. dietary patterns, or randomized controlled

trials.

6 CONCLUSIONS AND PERSPECTIVES

While the research findings that initiated this thesis showed an increased risk of mis-
carriage among exercising women, the results presented herein turned out to be reas-
suring. There are no convincing indications from our work that physical exercise should
be harmful to the unborn child, and thus current recommendations are supported by
the data available in this study. The thesis also presents new knowledge on exercise
behaviour in relation to pregnancy and points out predictors of inactivity during preg-
nancy. Such predictors can be used to establish public health interventions aiming to
increase the level of physical activity among pregnant women, which is relevant be-
cause pregnancy is associated with a reduction in physical exercise, and activity levels
are not usually regained after childbirth. That is if an overall evaluation, with as many
maternal and foetal outcomes as possible taken into account, is in favour of exercise

during pregnancy.

The predictors of exercise during pregnancy described in the thesis can be used in the
design of future studies to identify confounders or to guide sensitivity analyses on the

importance of lack of data on confounders or perhaps as a reminder to read research
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findings with caution, because if we do not fully adjust for other healthy behaviours we
may overlook side effects of exercise. For future research, both lifelong exposure up to
the time of pregnancy and long-term consequences of exercise during pregnancy

would be of interest.

In this work, we concentrated on ‘normal’ women, but specific studies designed to tar-
get women engaged in sports at elite level are needed. Studies on multiple pregnan-
cies are also lacking, since these observations are most often excluded from analyses.
However, exercise is interesting among women carrying more than one child, because
at the same time these women are at increased risk of some of the conditions that ex-
ercise may prevent (pre-eclampsia or gestational diabetes) and at increased risk of e.g.
preterm birth where the traditional treatment is sedentary behaviour. Since exercise
and diet are closely correlated and both also correlated with obesity, future studies
would probably benefit from combining diet and physical activity. Finally, repeated

measurements of exercise, starting before pregnancy, should be recommended.

It is still unclear whether an effect of exercise on e.g. foetal growth is most pronounced
in early or late pregnancy — if at all. If physical activity is believed to be overall benefi-
cial during pregnancy, it is relevant to have knowledge of effects from both early and
late pregnancy. Preventive actions may then be established in early pregnancy. In ad-
dition, exercise data from early pregnancy may be less biased because reports from
later in pregnancy are dependent on the course of pregnancy. Late pregnancy meas-
urements should also be examined because this is the gestational period with the

highest foetal weight gain.

The studies included in this thesis have added reassuring findings to the increasing
body of evidence on physical activity during pregnancy, but decisions on precise public
health advice should take all outcomes into consideration even though these may point

in different directions.
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7 SUMMARY (English)

Physical activity is of crucial importance in the prevention of a number of diseases and
is therefore given high priority in the treatment of ilinesses and in health promotion, in-
cluding antenatal care, where physical activity during pregnancy is considered to have
a positive health effect on several pregnancy outcomes, e.g. pre-eclampsia and gesta-
tional diabetes. Moreover, pregnancy is often followed by a persistent weight increase,
which is assumed reducible by means of physical activity during pregnancy. On the ba-
sis of these assumptions, current guidelines in Denmark and a number of other coun-
tries today recommend pregnant women to be physically active at the same level as
the non-pregnant population. The Danish guidelines comprise at least 30 minutes of
moderate physical activity per day. However, only limited scientific evidence exists on
the influence of the mother’s level of activity on the health and development of the foe-
tus. The sparse evidence regarding foetal health, together with recent research indicat-
ing an increased risk of spontaneous abortion among exercising women, provided the
rationale for this thesis. Hence, the aim of the thesis is to examine whether current
guidelines are scientifically well founded when it comes to the health of the child. The
thesis thus illuminates possible consequences for the foetus of maternal exercise dur-
ing pregnancy. All four studies in the thesis are based on data on about 90,000 preg-
nancies in the Danish National Birth Cohort, where detailed information on exercise are

available from two different points of time during pregnancy.

About one third of the women were engaged in exercise during pregnancy, a little more
in early pregnancy and a little less in late pregnancy. Most women were engaged in
swimming, bicycling, or other low impact activities. Higher age, being a student, having
an eating disorder, higher alcohol intake, and a health conscious diet were predictors
for regular exercise, i.e. at least three exercise sessions per week. Holding a lower pro-
fessional or a skilled worker job, multiparity, lower self-rated health, fertility treatment,
smoking, a lesser health conscious diet, and a body mass index outside the normal
range were predictors for not being engaged in regular exercise. Exercising women
were slightly less likely to give birth before term than non-exercisers. This relationship
was not affected by the type of exercise and did not affect the seriousness of the pre-
term birth. The exercise level of the mother was not associated with the newborn’s
weight, length, ponderal index (corresponding to body mass index in newborns), head-
and abdominal circumference, or the weight of the placenta. Yet, physically active
women had a slightly lower risk of having a small- or large-for-gestational-age baby, i.e.
in the lower and upper 10" percentiles of the weight distribution for a given gestational

age at birth. In a comparison between pregnant swimmers and bicyclists, based on the
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hypothesis that exposure to chemically purified water is associated with negative re-
productive outcomes, there were no substantial differences in the average size of the
babies at birth or in the risk of giving birth preterm, having a prolonged pregnancy or

having a baby with a congenital malformation.

Results from this thesis do not contradict the recommendations that pregnant women
should be physically active, since none of our findings suggest adverse health out-

comes related to exercise during pregnancy.
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8 SUMMARY (Danish)

Fysisk aktivitet har vist sig at have afggrende betydning i forebyggelsen af en raekke
sygdomme og prioriteres derfor hgjt i bade sundhedsfremme og sygdomsbehandling.
Dette geelder ogsa i svangreomsorgen, hvor fysisk aktivitet i graviditeten menes at ha-
ve en positiv effekt pa en reekke graviditetsudfald, fx preeeklampsi og gestationel diabe-
tes. Ydermere ledsages graviditet ofte af en vedvarende veegt@ggning, som ma formo-
des at kunne reduceres ved fysisk aktivitet i graviditeten. Pa baggrund af disse anta-
gelser anbefales det i aktuelle retningslinjer i Danmark og en raekke andre lande gravi-
de kvinder at veere fysisk aktive pa niveau med den ikke-gravide befolkning. | Danmark
anbefales minimum 30 minutters moderat fysisk aktivitet om dagen. Der foreligger imid-
lertid kun begraenset videnskabelig dokumentation vedrgrende betydningen af mode-
rens aktivitetsniveau for fosterets sundhed og udvikling. Dette forhold, sammen med
nyere forskningsresultater, som finder en gget risiko for spontan abort blandt motione-
rende kvinder, dannede baggrund for denne ph.d.-afhandling. Formalet med afhandlin-
gen er derfor at undersgge, om de gaeldende anbefalinger er videnskabeligt funderet,
nar det geelder barnets sundhed. Afhandlingen belyser saledes de mulige konsekven-
ser for fosteret af moderens motion under graviditeten. Alle fire studier i athandlingen
baserer sig pa data fra ca. 90.000 graviditeter i den danske Bedre Sundhed for Mor og
Barn kohorte, hvori der findes detaljerede oplysninger om motion fra to forskellige tids-

punkter i graviditeten.

Omkring en tredjedel af kvinderne dyrkede motion; lidt flere i begyndelsen af gravidite-
ten og lidt feerre i slutningen. Flest kvinder svemmede, cyklede eller dyrkede andre ’low
impact’ aktiviteter. Hajere alder, at vaere studerende, at have en spiseforstyrrelse, hgje-
re alkoholindtag og sundere kost var preediktorer for at dyrke regelmaessig motion, de-
fineret som motion mindst tre gange om ugen. At veere i fagleert job eller job, der krae-
ver mellemlang videregadende uddannelse, at have fadt for, lavere selvvurderet hel-
bred, barnlgshedsbehandling, rygning, mindre sund kost samt et body mass index
udenfor normalomradet var tilsvarende praediktorer for ikke at dyrke regelmaessig moti-
on. Kvinder, der dyrkede motion i graviditeten, var lidt mindre tilbgjelige til at fade for
tidligt end ikke-aktive kvinder. Denne sammenhaeng var ikke pavirket af typen af moti-
on og pavirkede ikke graden af for tidlig fedsel. Moderens aktivitetsniveau havde ikke
nogen betydelig sammenhaeng med det nyfadte barns fgdselsvaegt, laengde, ponderal
index (svarende til body mass index for spaedbgrn), hoved- og maveomfang eller vaeg-
ten af moderkagen. Fysisk aktive kvinder havde dog ogsa en let nedsat risiko for at fa
et ‘for lille’ eller 'for stort’ barn, defineret som vaerende indenfor den nedre eller gvre 10.

percentil for fadselsveegtfordelingen for en given graviditetsuge ved fgdslen. | en sam-
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menligning mellem gravide sveammere og cyklister (baseret pa en hypotese om negati-
ve reproduktionsudfald efter eksponering for kemisk behandlet vand) sas ingen betyde-
lige forskelle i bgrnenes gennemsnitlige starrelse eller i kvindernes risiko for at fade for

tidligt, ga over tiden eller fade et barn med en medfgdt misdannelse.

Resultaterne fra denne afhandling taler saledes ikke imod den generelle anbefaling
om, at gravide kvinder bar veere fysisk aktive, da ingen af vore resultater tyder pa ne-

gative helbredsudfald relateret til motion i graviditeten.
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10 ENCLOSURE 1

The Borg Perceived Exerction Scale

No exertion at all

Extremely light

Very light - (easy walking slowly at a comfortable pace)

Light

Somewhat hard (It is quite an effort; you feel tired but can continue)

Hard (heavy)

Very hard (very strenuous, and you are very fatigued)

Extremely hard (You can not continue for long at this pace)

Maximal exertion
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11 ENCLOSURE 2

Decisions about MET-scores based on our best estimation from the updated list of

MET-intensities by Ainsworth et al (Ainsworth et al. 2000) (next page).
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ABSTRACT

Background: Although not based on strong evidence, physical activity is recom-
mended for pregnant women. We present descriptive data on exercise among pregnant
women, and lifestyle, socio-demographic, and health related predictors of physical
exercise during pregnancy. Methods: Data on 88,200 singleton pregnancies from the
Danish National Birth Cohort collected 1996-2002 were used in logistic regression
analysis to identify predictors of exercise. Results: About one third of the women
were engaged in exercise in early/mid pregnancy and a little less in late pregnancy.
Bicycling, swimming and low impact activities were the most common activities.
Regular exercise was strongly correlated with having a health conscious diet, a high
alcohol consumption, or an eating disorder. Higher parity, smoking, low self-rated
health, and having a diet high in fat and low in vegetables were the strongest corre-
lates of not doing exercise. Being a student and having an eating disorder were more
strongly correlated with frequent exercise (3+ sessions/week) vs. less/no exercise than
with any exercise vs. no exercise. Single status was associated with frequent exercise
but not with any exercise. Conclusion: Some of the presented predictors of regular
exercise during pregnancy identify factors should be controlled for in future observa-
tional studies and may guide sensitivity analyses when data on confounders are lack-
ing. The findings may also be useful in identifying women who could benefit from
physical activity interventions, if physical activity is found to be health beneficial in

pregnancy.



INTRODUCTION

According to antenatal guidelines, pregnant women are advised to be physically ac-
tive [1-4], but the evidence underlying these recommendations is sparse, especially
when it comes to the health of the foetus [5-7]. More evidence is needed on the sub-
ject, but as with much other research into life style matters, there exist a number of
methodological issues that complicate studies within this field. Although a random-
ized controlled trial is often considered to be the optimal design when examining an
association between exposure and outcome, we are often left with observational data
when dealing physical activity in pregnancy; trials are difficult to carry out among
pregnant women with good compliance over a longer period of time, and trials may
also be considered unethical if physical activity is believed to involve health benefits

(or hazards).

Observational studies on life style factors, including physical activity, are difficult to
de-confound since many life style factors are closely interrelated. As such, a potential
harm caused by physical activity may well be masked by beneficial effects of other
life style factors correlated with physical activity. Full confounder adjustment is only
possible if we know what to adjust for and have the necessary data. Therefore, knowl-
edge about maternal characteristics associated with exercise during pregnancy is of

key importance when evaluating confounding in observational studies on the subject.

Most population-based studies on exercise during pregnancy have been cross-
sectional [8;9] or have used data collected after delivery [10;11]. The Norwegian
Mother and Child Cohort is the only large study published with exercise data and data
on maternal characteristics collected during pregnancy [12]. In previous studies low

maternal age, multiparity, low education, not being married, poor general health, high

3



body mass index and smoking have been found associated with little or no leisure-
time physical activity during pregnancy [8-13], however, Zhang et al found older age
to be related to less activity [13]. Only few studies report on type, frequency, and du-

ration of physical activity in pregnancy.

The aim of this study was to describe the level and nature of exercise among pregnant
women in the Danish National Birth Cohort and its relation to lifestyle factors, socio-

demographic factors, and to the reproductive and health history.

METHODS

Study population and inclusion criteria

The study is based on data from the Danish National Birth Cohort (DNBC), a popula-
tion-based cohort of pregnant women and their offspring [14]. During 1996-2002
pregnant women were approached at their first antenatal visit to the general practitio-
ner who handed out information about the cohort together with an informed consent
form. Eligibility criteria were: Being pregnant, not planning an induced abortion, and
sufficient language skills to participate in computer-assisted telephone interviews in
Danish. For those who gave consent, data collection included computer-assisted-
telephone interviews around gestational week 12-16 and 30, questionnaires and blood

samples. An English translation of the interviews is available at http://www.bsmb.dk.

Approximately half of the general practitioners agreed to take part in the recruitment
process, and we estimate that about 60 percent of the invited women accepted the in-
vitation. For this study we included all the 90,165 pregnancies with available data
from the first pregnancy interview, which excludes women with an early induced or

spontaneous abortion and women who could not be contacted by phone when the first



interview was scheduled or in three following calls. As we excluded multiple preg-

nancies, analyses were based on 88,200 singleton pregnancies.

Physical activity

In both pregnancy interviews, the women were asked the following questions about
physical activity: 1) ‘Now that you are pregnant do you engage in any kind of exer-
cise?’ In case of a positive answer, the following questions were posed: 2) ‘What
kind of exercise do you engage in?’, 3) ‘How many times a week do you engage
in...(answer in question 2)?’, 4) ‘How many minutes a time do you engage
in...(answer in question 2)?’ and 5) ‘Do you engage in other types of exercise?’ A
positive answer to the last question re-opened the above questions until a negative re-
sponse was given. In case of uncertainty about which activities should be included as
exercise, an activity was included if the woman confirmed that the activity made her

sweaty or made her short of breath.

Hours per week spent on exercise and number of exercise sessions per week were cal-
culated, and the active women were assigned to a preferred type of exercise, defined
as the type of activity performed more than 50 percent of the total activity time.
Women who did not perform any single activity more than 50 percent were classified
as ‘mixed exercisers’. There were 13 pre-defined categories of type of exercise, which
were categorized into the following seven groups: Swimming, low impact activities
(aerobic/gymnastics for pregnant women, aerobic/gymnastics, dance, walking/hiking,
yoga), high impact activities (jogging, ball games, and racket sports), work out/fitness
training, bicycling, horseback riding, and a non-classifiable category (including the

mixed category).



When evaluating possible predictors of regular exercise, physical activity was catego-
rized into no exercise, 1-2 exercise sessions per week, and 3 sessions or more per
week in line with Owe et al. and Zhang and Savitz [12;13]. Since duration can vary
between exercise sessions, we made additional analyses using minutes per week with
a cut point of 3% hour per week, corresponding to current Danish Board of Health
guidelines for recommended physical activity for pregnant women (as well as for the

general population).

Maternal characteristics

Mother’s age at conception came from the National Patient Register and information
on diet came from a food frequency questionnaire in DNBC. Not all women re-
sponded to the extensive questionnaire so the diet variable had many missing values,
i.e. 25,736 out of 88,200. All other co-variates came from the first pregnancy inter-
view and had only few missing values (the numbers are shown in footnotes of Tables
2 and 3). Apart from self-rated health, the included health-related covariates describe
whether the women had ever had the condition in question. All other covariates refer
to the time of the first pregnancy interview, unless noted otherwise. The median gesta-
tional age for the interview was 114 days corresponding to 16.3 completed weeks

(10™ and 90™ percentiles: 84 and 160 days).

Statistical analysis
We used logistic regression analysis to calculate odds ratios for any exercise vs. no
exercise and for at least 3 sessions per week vs. less/no exercise according to maternal

characteristics. Separate analyses were made using exercise data from the first preg-



nancy interview (early/mid pregnancy) and for the second interview (late pregnancy).
Analyses were carried out adjusted within subgroups of covariates (socio-
demographic, health related, and behavioural factors) and with all covariates mutually
adjusted. Furthermore predictors of exercising at least 3'% hour per week were ana-
lysed. Because of the large number of missing values in the diet variable, analyses
were carried out both with and without this variable in order to assess the importance

of diet and of a possible selection into responding to the food frequency questionnaire.

RESULTS

[Table 1]

In a little more than one third of the pregnancies the mother had been engaged in ex-
ercise in early/mid pregnancy. In late pregnancy this proportion decreased somewhat
(Table 1). In almost half of the pregnancies the mother had been engaged in exercise
at some point in pregnancy, that is either at the time of the first or the second preg-
nancy interview (data not shown). Both in early/mid and late pregnancy most women
preferred bicycling, swimming or low impact activities, and swimming was the only
single activity, which was done more frequently late in pregnancy. High impact ac-
tivities and horseback riding had the largest relative reductions in activity from early
to late pregnancy. Most women attended only one session of exercise per week, but
4.5% of the women exercised at least 3 times per week throughout pregnancy. The
majority of the active women exercised one hour or less per week, but 7.0% exercised

at least 3% hour per week in early/mid pregnancy, and 3.9% did so late in pregnancy.

Furthermore, among the women who were physically inactive around the time of the

first interview, 84 % were still inactive later in pregnancy; whilel6 % had com-



menced some kind of exercise, most likely low impact activities. Among women who
reported exercise in the first interview, 48 % had ceased exercising between the first
and the second interview. Swimming was the activity most persistently performed
during pregnancy. Almost half of the women who reported swimming in early/mid
pregnancy also did so in late pregnancy, while e.g. 6% of the high impact performers
still engaged in high impact activities in late pregnancy. Women who performed high
impact activities in early/mid pregnancy were more likely to cease exercise com-
pletely later in pregnancy than women who joined other kind of activities. Overall,
close to half of the women who reported to be physically active in early/mid preg-
nancy were still engaged in some kind of activity late in pregnancy. Women who
changed preferred type of exercise during pregnancy in general switched to activities

at the same impact level or below.

[Table 2]

Table 2 shows the distribution of exercise sessions per week in early/mid pregnancy
according to socio-demographic, health related, and behavioural maternal characteris-
tics together with adjusted odds ratios for any regular exercise and for frequent exer-
cise, respectively. The strongest correlates of doing any exercise were having a health
conscious diet, alcohol consumption, and having an eating disorder. Also women who
were older than 25 years, students, or had a musculo-skeletal disorder were likely to
exercise, however, associations were weak. Higher parity, smoking, low self-rated
health, and a diet high in fat and low in vegetables were associated with not doing ex-
ercise. Furthermore, women who were out of work or held lower grade or unskilled
jobs, who had fecundity problems or had received subfecundity treatment, and women

with a low body mass index were less likely to exercise but with weaker associations.



Correlates of exercising 3 times or more per week were in general similar to those of
any exercise, a few differences could be pointed out, though: Parity, alcohol consump-
tion, smoking and subfecundity treatment were stronger correlated with any exercise
than with frequent exercise. Being a student and having an eating disorder were more
strongly correlated with a high frequency of exercise than with any exercise. Women
out of work were less likely to do any exercise but more likely to exercise frequently.
Finally, single status was associated with frequent exercise but not with any exercise.
Most estimates were either stronger in the subgroup-adjusted analysis than in the fully

adjusted model or similar in the two analyses.

[Table 3]

Table 3 present the exercise data from late pregnancy, in a fashion similar to Table 2 .
Many estimates were equivalent to those found for exercise in early/mid pregnancy.
However, higher age was more evidently correlated with both any exercise and fre-
quent exercise in late pregnancy than in early/mid pregnancy. Single status, a high
coffee intake, and a high body mass index were weakly associated with no exercise in
late pregnancy. The strong relation between eating disorders and frequent exercise in
early/mid pregnancy became weaker and statistically insignificant when late preg-
nancy data were used. It should be noted that comparisons of odds ratios from early to
late pregnancy should take into consideration that the two populations, and thereby

also reference groups, were not identical (Tables 2 and 3).

We analysed the likelihood of doing regular exercise throughout pregnancy and found
effect measures to be very similar to those found for exercise late in pregnancy. We

also analysed the likelihood of exercising 32 hour per week or more and found older



age, being out of work, living alone, and having higher alcohol consumption to be
stronger related to exercise at least 3’2 hour per week than 3 sessions per week, how-
ever none of the associations exceeded an odds ratio of 1.6. When we repeated the
analyses without the diet variable, due to the many missing values in this variable,

only minor changes were seen.

DISCUSSION

A little more than one third of the mothers had been engaged in exercise in early/mid
pregnancy, and about half of them exercised regularly at some point in pregnancy.
Low impact activities, swimming and bicycling were the most common types of exer-
cise during pregnancy. Swimming was the only single activity that increased in preva-
lence from early to late pregnancy. Most of the active women exercised once a week
and only for one hour or less. As expected, being physically active in pregnancy cor-
related with many factors that are potential causes of reproductive failures, and getting
an estimate of any causal associations between exercise and reproductive outcomes is

a challenge.

The following predicting factors are fairly consistent over previous studies: Schooling
or higher education, higher income, younger age, nulliparity/not having older chil-
dren, non-smoking, and pre-pregnant non-overweight (ref). Except for age, this corre-
sponds well with our findings. In our data, the likelihood of exercise engagement in-
creased with increasing age, and the association seemed to be stronger in late than in
early/mid pregnancy. We did not study income, but our occupational status measure
may work as a proxy for both education and income. In our data, married/cohabiting

women were more likely to engage in any exercise in late pregnancy, but in early/mid
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pregnancy women living alone were more likely to engage in frequent exercise, i.e. 3
sessions or more per week, whereas it has been reported from US-based studies that
married women were more likely to be physically active. Cohabiting without being
formally married is frequent in Denmark, which is why we did not separate the mar-
ried group from the cohabiting group, as was done in the US-studies. However, our
aim was not to examine the condition of living alone while pregnant rather than mar-
riage per se. Furthermore, a higher level of activity would be expected among married
women when household activities are included (Ning). Finally, we found increasing
alcohol intake associated with exercise, which has not previously been reported. Still,
it corresponds well with existing research on alcohol indicating more favourable
health outcomes with some intake compared with no intake (ref). It is surprising,
though, that our data indicate higher intakes to be stronger correlated with exercise
than lower intakes. This applies to an intake up to 5+ drinks per week, which was the

highest intake category.

The DNBC is a cohort study with the aim of examining associations and thus not de-
signed as a prevalence study, but even so it is interesting that the proportion of physi-
cally active women was substantially lower than in other studies showing that a preva-
lence of physical activity or exercise of 42%-67% among pregnant women (ref).

Some studies used an overall measure of leisure time physical activity, including e.g.
gardening (Evenson 2004, Ning 2003, Petersen 2005), while the women in DNBC
were asked specifically about exercise, which should give a lower proportion of active
women. Furthermore, the timing of physical activity may vary between studies. The

wording in the DNBC questionnaire may result in a not very specific timing of the
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exercise measure: ‘Now that you are pregnant, do you engage in... . Hence, it might

be that women who exercised in the very beginning of pregnancy did not report this.

Even though the Norwegian Mother and Child Cohort Study (MoBa) in many ways is
similar to the DNBC comparable, exercise engagement is higher than in DNBC: 59%
of the women exercised at some level in early/mid pregnancy and 47% in late preg-
nancy as opposed to 37% and 30%, respectively, in DNBC. The differences were also
present for regular exercise. In MoBa strolling was not included as exercise, but this
differentiation was not possible in our data, hence, a broader range of walking inten-
sity may have been included in the walking-category in DNBC, unless the woman
herself did not consider strolling to be exercise and therefore did not report this. How-
ever, having included strolling would have made prevalences in MoBa even higher.
Apart from the difference in the walking measure, tendencies of preferred exercise
types and changes during pregnancy in exercise habits were similar in the two co-

horts.

As expected, physical exercise was strongly correlated with other life style factors and
health conditions. Assumingly, most of these factors would tend to bias associations
between physical exercise and health outcomes towards a protective effect of physical
activity (e.g. a healthy diet, no smoking, and a good self-rated health), Hence, part of
the ‘protective’ effects associated with life style factors like physical activity might be
due to confounding from a cluster of other closely correlated life style factors. It may
also be that some of the factors that we consider associated with pregnancy outcomes
are based on studies, which have not taken physical activity into consideration, so that

these studies are confounded by physical activity. Both explanations may well be in
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play. However, the picture is not entirely uniform and some correlates may work in
the opposite direction leading to an underestimation of a potential protective effect

(e.g. maternal age or having an eating disorder).

About 30% of all pregnant women during the recruitment period participated in the
study. The DNBC was not designed to be representative for the pregnant population
in Denmark at large; the participants were on average healthier than the general popu-
lation, hence our exercise ‘prevalence’ estimates are probably higher than what is ex-
pected for the source population [15]. It is likely that the decision to participate in a
cohort like the DNBC is correlated with socio-demographic and health related factors,
which are further correlated with physical activity. However, we do expect that the
associations we see between physical activity and maternal characteristics in this
study will also be present in the population that was invited to take part in the study.
Furthermore, since the largest proportion of non-participation occurred at the level of
the general practitioners (only about 50% of the general practitioners informed the
pregnant women about the study) this selection need not be related to the life style of
the participants. In addition, carrying out the analyses both with and without the diet
variable (with many missing values) indicated that the selection into responding/non-
responding the food frequency questionnaire did not affect the associations between

other maternal characteristics and exercise.

In the acknowledgement of the fact that most studies on lifestyle factors in pregnancy
are of observational character, and this may also be so in future research, we have
identified a number of predictors for regular exercise during pregnancy. This informa-

tion can be used in future studies to identify confounders or to guide sensitivity analy-
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ses on the importance of lack of data on confounders. In counselling, the findings can
be used to identify pregnant women with a low propensity to physical exercise while
pregnant and to target activities that may fit their needs (e.g. young or less educated
women or women with older children at home). These results also demonstrate why a
randomised trial on reproductive effects of physical exercise would be highly valu-
able. If exercise in pregnancy is considered to be health beneficial, it may pose ethical
concern to randomise women to no exercise, but in that case it should be possible to
randomise women into groups of more or less exercise or of different types of exer-

cise.
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According to many national recommendations, women should be physically active during pregnancy, but em-
pirical evidence to support this recommendation is sparse. The authors’ aim in this study was to examine the
relation between physical exercise during pregnancy and the risk of preterm birth. Self-reported data on physical
exercise during pregnancy were collected prospectively for 87,232 singleton pregnancies included in the Danish
National Birth Cohort between 1996 and 2002. Hazard ratios for preterm birth according to hours of exercise per
week, type of exercise, and metabolic equivalent-hours per week, respectively, were calculated using Cox re-
gression analysis. Results showed a reduced risk of preterm birth among the almost 40% of women who engaged
in some kind of exercise during pregnancy in comparison with nonexercisers (hazard ratio = 0.82, 95% confidence
interval: 0.76, 0.88), but no dose-response relation was seen. The association was not affected by the type of
exercise, and the results were not altered when the degree of preterm birth was taken into account. These findings
do not indicate any adverse effects of exercise on the risk of preterm birth and therefore do not contradict current

recommendations.

exercise; pregnancy; premature birth

Abbreviations: Cl, confidence interval; MET, metabolic equivalent.

Health authorities in the United States, Great Britain,
Norway, and Denmark recommend a level of physical activ-
ity for pregnant women similar to that of the nonpregnant
population (1-4). According to the National Board of Health
in Denmark, pregnant women should engage in exercise ac-
cording to Borg Scale level 12-13 (5) (corresponding to
moderate/somewhat hard exercise) at least 30 minutes per
day (4). Furthermore, light fitness training can be com-
menced and hard fitness training (Borg Scale level 14-15)
need not be discontinued in pregnancy. The recommenda-
tions are based on the health benefits of physical activity for

the mother, including prevention of obesity (6-8), gesta-
tional diabetes (9, 10), and preeclampsia (11, 12). Whether
this is good for the fetus is unclear (13).

Recent results from the Danish National Birth Cohort
challenged these recommendations by indicating an in-
creased risk of spontaneous abortion among women who en-
gaged in physical exercise (14). The threat of preterm birth
has been an indication for sick leave and confinement to bed
rest.

Almost all attempts to prevent or predict preterm birth
have failed, and the incidence even seems to be increasing in

Correspondence to Mette Juhl, National Institute of Public Health, Oster Farimagsgade 5A, 2nd floor, 1399 Copenhagen K, Denmark (e-mail:

mju @ niph.dk).
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some countries, such as the United States and Denmark (15,
16). During exercise, both adrenaline and noradrenaline lev-
els rise, and since noradrenaline affects the uterus, exercise
could theoretically induce preterm birth via uterine contrac-
tions. Mechanical stimulation of the uterus during exercise
has also been suggested to explain the increased uterine
contractility observed in relation with physical activity
(17). Intervention studies (17-20) and an observational
study (21) showed conflicting results as to whether physical
exercise actually increases uterine contractility.

Intervention studies have been small and carried out in
selected groups (22, 23). A recent Cochrane review con-
cluded that trials on physical exercise and preterm birth
were few and too small to provide scientifically based doc-
umentation (13). From cohort studies, either no association
between exercise and preterm birth (24-26) or a possible
reduced risk (27-29) has been reported, and except for one
cohort study that included 7,101 women (28), previous stud-
ies have been rather small.

Our aim in this study was to examine the relation between
physical exercise during pregnancy and the risk of preterm
birth in a large cohort of pregnant women.

MATERIALS AND METHODS

From 1996 to 2002, pregnant women were recruited into
the Danish National Birth Cohort, a nationwide study of
pregnant women and their offspring. The intention was to
invite all eligible women in Denmark to participate in early
pregnancy. Approximately 50 percent of all general practi-
tioners in Denmark agreed to take part in the study. Recruit-
ment was carried out mainly by the general practitioners,
and approximately 60 percent of the women invited chose to
participate. The national taxpayer-funded antenatal care
program is used by 99 percent of all pregnant women in
Denmark (S. Rasmussen, National Board of Health, per-
sonal communication, 2007). Among other things, the
women agreed to participate in two computer-assisted tele-
phone interviews during pregnancy. More details about the
Danish National Birth Cohort are presented elsewhere (30).

In total, 100,422 pregnant women were enrolled in the
cohort. For this study, we initially included the 90,165 preg-
nancies for which we had a first pregnancy interview. Sub-
sequently, 941 pregnancies were excluded because the
pregnancy ended before 22 completed weeks of gestation,
and 28 pregnancies were excluded because the first preg-
nancy interview had been carried out later than 37 com-
pleted weeks of gestation, when the woman was no longer
at risk of having a preterm birth. The final study population
comprised 89,196 pregnancies, of which 1,964 were multi-
ple pregnancies. In the main analyses, only singleton preg-
nancies were included (n = 87,232).

In the study population, 93 percent of women with sin-
gleton pregnancies also participated in the second interview
(n = 81,001). The median gestational age for the first preg-
nancy interview was 114 days (10th percentile, 84 days;
90th percentile, 160 days), corresponding to 16.3 completed
weeks. For the second interview, the median gestational age
was 218 days (10th percentile, 195 days; 90th percentile,
249 days), corresponding to 31.1 completed weeks.

Measurement of physical exercise

Information on physical exercise was obtained from the
first and second pregnancy interviews. The first question was:

1) “Now that you are pregnant, do you engage in any kind
of exercise?”

In case of a positive answer, the following questions were
posed:

2) “What kind of exercise do you engage in?”

3) ““How many times per week do you engage in. .. (answer
in question 2)?”

4) “How many minutes per time do you engage in...
(answer in question 2)?”’

5) “Do you engage in other types of exercise?”’

A positive answer to the last question released a loop with
the above questions, which continued until a negative re-
sponse was given. All questionnaires are available in
English on the website of the Statens Serum Institut (http://
www.ssi.dk/sw379.asp) (please note that this is an unautho-
rized translation of the interviews).

Physical exercise was subsequently categorized into total
time spent in exercise, in hours per week: 0, >0-<1, >1-
<2, >2-<3, >3-<5, and >5 (four women who reported
more than 40 hours of exercise per week were assigned as
missing). For descriptive analyses, we assigned the active
women to a preferred type of exercise, defined as the type of
exercise performed more than 50 percent of the time.
Women who did not perform any single activity more than
50 percent of the time were classified as ““mixed exercisers.”
There were 13 predefined categories, which were catego-
rized into the following seven groups: 1) swimming, 2) low-
impact activities (aerobics/gymnastics for pregnant women,
aerobics/gymnastics, dancing, walking/hiking, yoga), 3) high-
impact activities (jogging, ball games, racket sports),
4) working out/fitness training, 5) bicycling (which is a com-
mon means of commuting in Denmark), 6) horseback riding,
and 7) nonclassifiable types of exercise (including the mixed
category). Swimming and bicycling are non-weight-bearing
activities and were therefore treated separately. Low-impact
activities are activities in which at least one foot is always on
the ground, whereas in high-impact activities there are mo-
ments at which both feet leave the ground simultaneously.

Furthermore, we calculated total metabolic equivalent
(MET)-hours of leisure-time physical activity per week by
multiplying a certain MET score by the total number of min-
utes per week of a given activity. The sum of total MET-
hours/week for each woman was then calculated. The
choice of MET score for each activity was based on our
best estimation from the updated list of MET intensities
by Ainsworth et al. (31) (see the Web Appendix, posted
on the Journal’s website (www.aje.oxfordjournals.org), for
a list of all MET scores used in this study). Total MET-hours
per week were categorized into: 0, >0-<5, >5-<10, >10-
<15, and >15 (based approximately on quartiles).

For additional analyses, the pregnancies were categorized
according to possible changes in exercise habits from early
to late pregnancy.

Am J Epidemiol 2008;167:859-866
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TABLE 1. Distribution (%) of physical exercise according to gestational age at birth, Danish National Birth Cohort, 1996—-2002

Data from pregnancy interview 1* (n = 87,232) Data from pregnancy interview 2t (n = 81,001)

Completed weeks of gestation at birth Completed weeks of gestation at birth

Exercise No. of No. of
pregnancies ~ 22-27 28-31 32-36 >37 pregnancies 22-36 >37
(n=23833) (n=435) (n=3511) (n=282953) (n = 2,949) (n = 78,052)
Hours per week
0 55,226 66 64 65 63 56,366 73 70
>0-<1 11,616 12 12 13 13 11,801 13 15
>1-<2 8,749 10 9 9 10 6,534 7 8
>2-<3 4,762 5 6 6 5 2,704 3 3
>3-<5 4,312 5 6 5 5 2,251 3 3
>5 2,373 2 2 3 3 1,194 1 1
Preferred type
None 55,226 66 64 65 63 56,366 73 70
Swimming 6,901 9 8 7 8 8,517 10 11
Low-impact activitiest 9,857 9 11 1 11 8,501 9 11
High-impact activities§ 2,459 2 2 2 3 244 0 0
Working out/fitness training 1,473 1 2 1 2 556 1 1
Bicycling 8,001 10 9 9 9 4,299 5 5
Horseback riding 988 1 1 1 1 224 0 0
Other 2,133 2 3 2 2 2,143 2 3

* There were 194 missing values for exercise variables in the first interview.
t There were 151 missing values for exercise variables in the second interview.
f Low-impact activities were defined as activities in which at least one foot is always on the ground (included were: aerobics/gymnastics for

pregnant women, aerobics/gymnastics, dancing, walking/hiking, yoga).

§ In high-impact activities, there are moments at which both feet leave the ground simultaneously (included were: jogging, ball games, racket

sports).

Measurement of other covariates

Information on potential confounders was obtained from
the first pregnancy interview and was categorized as dis-
played in table 1. We also considered chronic diseases
(yes/no), uterine fibroids or malformations or cone biopsy
(yes/no), subfecundity (time to pregnancy >12 months vs.
time to pregnancy <12 months), working hours (day, even-
ing, night, rotating shifts without night work, rotating shifts
with night work), working position (predominantly standing
or walking, predominantly sitting, or a mixture), and psy-
chosocial job strain (relaxed, active, passive, strained). Fur-
thermore, data from the second pregnancy interview on
vaginal bleeding, painful contractions, loss of amniotic
fluid, and cervical incompetence were used in subanalyses.

Measurement of outcome

Gestational age was based upon information from birth
record data reported to the National Patient Registry in
Denmark. Preterm birth was defined as delivery (both live-
and stillbirth) after 153 days and before 259 days (equivalent
to 22 and 36 completed weeks of gestation, respectively).
Preterm births were further categorized as extremely preterm
(22-27 completed weeks of gestation), very preterm (28-31
completed weeks), or moderately preterm (32-36 completed
weeks) (15).

Am J Epidemiol 2008;167:859-866

Statistical analysis

Hazard ratios for preterm birth according to total amount
of exercise per week and MET-hours per week, respectively,
were estimated using a Cox regression model. Time at risk
started from the day a woman completed the 22nd week of
gestation or on the day of her first pregnancy interview,
whatever came last. Follow-up ended at birth, emigration,
or maternal death or by the time a woman completed ges-
tational week 37, whatever came first. If a second interview
was available, exercise data would be updated at the time of
the second interview. In order to adjust for the different
times of entry into follow-up related to the fact that some
women were interviewed early in pregnancy and others
later, we stratified our models by gestational age at the time
of the first interview when exercise data from the first in-
terview were used, and by gestational age at the time of the
second interview when data from the second interview were
used.

We conducted tests for trend over all exposure groups and
for the situation in which the response of no exercise is
allowed to differ from the general relation (32). To examine
a possible nonlinear relation between MET score and hazard
of preterm birth, we analyzed both a model with linear
splines (33) and a model allowing for a quadratic relation.

The importance of type of exercise was analyzed by di-
viding each type into no engagement, small amounts, and
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large amounts, with the results for the different types of
exercise being mutually adjusted for each other.

In the analysis of possible changes in exercise habits from
early pregnancy to late pregnancy, we restricted the data to
observations with a first pregnancy interview performed be-
fore 22 completed weeks of gestation and a second preg-
nancy interview performed between 22 and 36 weeks, both
inclusive. Hence, entry time started by the time of the sec-
ond interview.

To examine time-dependent associations, we estimated
the influence on extremely, very, and moderately preterm
birth, respectively, by including an interaction term between
exercise and time categorized into intervals corresponding
to the degree of preterm birth. This procedure corresponds
to making separate analyses for each time interval, except
that common estimates of the influence of each of the other
covariates are obtained.

Previous preterm birth is a strong risk factor for subse-
quent preterm birth and is therefore likely to be a cue for
reducing activity level in later pregnancies. Hence, we re-
peated the analyses for primigravid and nulliparous women,
respectively. Likewise, we assumed that women with symp-
toms possibly related to preterm birth during pregnancy
might decrease their physical activity. In the attempt to elu-
cidate possible reverse causation, we carried out analyses
restricted to women who reported none of these symptoms
in the second interview and compared risk estimates with
those for all women with a second interview. Finally, separate
analyses were carried out for multiple-gestation pregnancies.

To evaluate the possible effect arising from a woman’s
having more than one pregnancy during follow-up, we com-
pared all standard errors with robust standard errors taking
cluster sampling into consideration (34).

The selection of potentially confounding factors was
based on an a priori search of the literature, and all available
factors identified were included in the model. All analyses
were carried out using SAS statistical software, version 9
(SAS Institute, Inc., Cary, North Carolina).

RESULTS

The total number of preterm births was 4,279, corre-
sponding to 4.9 percent of all singleton pregnancies. Almost
two thirds (63 percent) of the participants did not engage in
any kind of physical exercise around the time of the first
pregnancy interview, and at the time of the second interview
this figure was 70 percent (table 1). Exercising more than
2 hours per week was infrequent, and in late pregnancy
approximately half of the active women exercised for 1 hour
per week or less. Among physically active women, the most
common activities were swimming, low-impact activities,
and bicycling. The prevalence of bicycling, however, was
markedly reduced in the second interview.

Apart from parity, there were no essential differences in
the occurrence of preterm birth according to the maternal
characteristics considered (table 2). From the first inter-
view to the second interview, there was a decrease in the
proportion of women who exercised that was consistent
Over exposure groups.

Table 3 shows that women who engaged in some kind of
exercise while pregnant were less likely to give birth before
term than women who did not engage in physical exercise.
Tests for trend indicated that the difference was seen be-
tween nonexercisers and exercisers and that the amount of
time spent on exercise played less of a role; hence, there was
no indication of a dose-response relation among active
women. Adjustment for possible confounders did not alter
the estimates substantially, either in this analysis or in the
following analysis.

When the importance of type of exercise was examined,
all types of exercise were associated with a reduced risk of
preterm birth (except for horseback riding, which had haz-
ard ratios around 1 and broad confidence intervals; data not
shown). However, risk estimates were statistically significant
only among women who engaged in low-impact activities of
limited duration or in swimming.

When amount and type of exercise were combined ac-
cording to MET scores, a leisure-time activity level of up to
5 MET-hours per week was associated with an almost 25
percent decreased risk of preterm birth in comparison with
nonactive women, while the hazard ratio among women
who exercised for more than 15 MET-hours per week was
0.88 (table 4). With regard to amount analyses in table 3, no
trend was seen among exposed women in the MET analyses.
Furthermore, neither a linear spline model nor a model with
a quadratic relation provided a better fit than the simple
linear model.

From table 5, it follows that exercise late in pregnancy
was associated with a reduced risk of preterm birth, whereas
for exercise in early pregnancy, no association was seen. In
this analysis, adjusting for warning signs of preterm birth
did not alter the estimates substantially (data not shown).
When the data set was restricted to women with no prenatally
recorded warning signs for preterm birth, the association
among women who exercised in late pregnancy was atten-
uated, whereas a slightly increased risk of preterm birth was
seen among women who had stopped exercising (data not
shown).

The association between exercise and moderate preterm
birth did not differ from what was presented in table 3 for
overall preterm birth (data not shown). The hazard ratio for
very preterm birth among exercisers as compared with non-
exercisers was 0.86 (95 percent confidence interval (CI):
0.70, 1.07), and for extremely preterm birth the correspond-
ing hazard ratio was 1.01 (95 percent CI: 0.74, 1.38).

When we restricted the analyses to primigravid and nul-
liparous women, respectively, the results were similar to
those for the whole population. The hazard ratio for exercise
versus no exercise for primigravidae was 0.81 (95 percent
CI: 0.73, 0.89), and it was close to identical for nulliparae.
Correspondingly, the estimates for women with no warning
signs of preterm birth were similar to those for the total
cohort (hazard ratio = 0.82, 95 percent CI: 0.73, 0.92).
However, when we analyzed exercise data from the first
and second pregnancy interviews separately, almost the
whole association was seen in the analysis based on data
from the second interview.

Finally, separate analyses were carried out for the 1,964
multiple pregnancies that had been excluded from the main

Am J Epidemiol 2008;167:859-866
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TABLE 2. Distribution of selected maternal characteristics according to gestational age at birth and
physical exercise during pregnancy (n = 87,232), Danish National Birth Cohort, 19962002

Preterm Term Proportion (%) of
Variable* pre';'r?ér?;ies birtht (%) birth$ (%) exercising women§
(n=4,.279) (n = 82,953) Interview 1 Interview 2
Maternal age (years)
<25 11,221 15 13 35 28
25-<35 65,920 72 76 37 31
35—-<40 9,184 12 10 33 27
>40 907 1 1 34 28
Gravidity
1 30,260 43 34 46 40
>2 56,938 57 66 31 25
Parity
0 40,955 60 46 45 40
>1 46,241 40 54 29 22
Previous spontaneous abortions
0 70,549 79 81 38 31
1 12,560 15 14 32 28
>2 4,052 6 5 26 24
Coffee consumption (cups/day)
0 48,237 55 55 37 32
>0-<2 14,889 16 17 40 34
2-<4 12,625 13 15 36 28
>4 11,449 16 13 30 22
Alcohol consumption (drinks/week)
0 48,247 59 55 34 29
>0-<1 13,722 15 16 39 32
1-<8 21,256 22 25 40 33
3—-<5 3,054 3 4 38 31
>5 859 1 1 37 32
Smoking in early pregnancy
(tobacco g/day)
0 64,504 69 74 39 33
1-<10 12,434 15 14 33 26
>10 10,062 15 11 24 19
Body mass index9q
<18.5 3,878 5 4 31 26
18.5-<25 58,253 66 68 38 32
25-<30 16,596 19 19 34 27
>30 7,066 10 8 32 25
Occupational status
Higher-grade professional 7,944 8 9 42 37
Lower-grade professional 23,744 25 27 41 35
Skilled worker 16,151 19 18 34 27
Unskilled worker 22,030 28 25 30 23
Student 11,670 13 13 43 37
Out of work for >3 months 4,857 6 6 28 22
Nonclassifiable 836 1 1 35 29

* Missing values: for gravidity, n = 34; for parity, n = 36; for previous spontaneous abortion, n = 71; for coffee
consumption, n = 32; for alcohol consumption, n = 94; for smoking, n = 232; for body mass index, n = 1,439.

T Delivery between 22 and 36 completed weeks of gestation, inclusive.

¥ Delivery at 37 completed weeks of gestation or later, including postterm births.

§ Missing values for exercise variables: first interview, n = 194; second interview, n = 151.

€ Weight (kg)/height (m)2.
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TABLE 3. Crude and adjusted hazard ratios for preterm birth
according to amount of physical exercise during pregnancy
(n = 87,232), Danish National Birth Cohort, 1996-2002

Bxerse Qe Adusted ggo g plor - pfor
None 1 1
Any 0.86 0.82 0.76, 0.88
Hours/week
0 1 1 0.0002 0.2461
>0-<1 0.82 0.80 0.72, 0.87
>1-<2 0.86 0.81 0.72,0.92
>2-<3 0.93 0.89 0.76, 1.05
>3-<5 0.94 0.89 0.75, 1.06
>5 0.87 0.81 0.64, 1.04

* HR, hazard ratio; Cl, confidence interval.

1 Adjusted for age, gravidity, parity, previous spontaneous abor-
tions, uterine fibroids/malformations/cone biopsy, subfecundity, cof-
fee consumption, alcohol consumption, smoking, body mass index,
job status, working hours, working position, and job strain.

+ When zero exposure was separated from the dose-response.

analyses (1,933 twin births and 31 triplet births). In multiple
pregnancies, the hazard ratio for preterm birth was 0.87 (95
percent CI: 0.74, 1.03) among women who engaged in any
kind of exercise in comparison with nonactive women (data
not shown). When amount or type of exercise was subcate-
gorized, hazard ratios were just below or around 1, with
broad confidence intervals.

The cluster effect due to the fact that some participants
had more than one pregnancy in the cohort was found to be
negligible (data not shown).

DISCUSSION

In almost 90,000 pregnancies, a little more than one third
of the women engaged in physical exercise in early preg-
nancy, and this proportion decreased somewhat in late preg-
nancy. These women had a moderately reduced risk of
preterm birth, but no dose-response relation was seen. The

findings indicate either that physical exercise is associated
with a reduced risk of preterm birth or that women with
a low generic risk of preterm birth are more likely to be
physically active (a “healthy exerciser effect’). Restricting
analyses to primigravidae, nulliparae, or women with no
symptoms of threatening preterm birth did not change the
estimates substantially, nor did detailed analyses of the
types of exercise performed.

These results corroborate previous findings, which mostly
have been based on small cohorts (24-27, 29) or interven-
tion studies of highly selected samples (22, 23). It may
be expected that participants in the Danish National Birth
Cohort are healthier, on average, than the general pregnant
population, but the overall rates of preterm birth were rather
similar among participants (5.5 percent over the years 1997—
2003) and the general population (5.2 in 1995 and 6.3 per-
cent in 2004) (15).

The specific time of reported exercise was not very pre-
cise in this study, and it is possible that some women regis-
tered as nonexercisers or with low levels of exercise had
been exercising at higher levels earlier in pregnancy. If par-
ticipants had stopped because of contractions or other symp-
toms of threatening preterm birth, we could see ‘“‘reverse
causation’ leading to overestimation of a possible beneficial
effect. On the other hand, excluding women with symptoms
of threatening preterm birth did not change the results much.

In this study, we analyzed amount of exercise, type of
exercise, and MET scores. One limitation in using MET
scores is the risk of adding random variation by applying
an assumed intensity to the included activities. Furthermore,
if mechanical incidents like bumps and jumps account for
an association, this will not necessarily show up in MET
analyses.

Information about physical activity was self-reported. Al-
though objective measures would have been preferred, this
was not feasible in a study of this size. Because of the pro-
spective nature of the data collection, misclassification of
physical activity is most likely to have been nondifferential
and would most likely have biased the association towards
the null. The questions on exercise posed to participants in
the Danish National Birth Cohort were similar to those used
in other studies of pregnant women (12, 29, 35) and were

TABLE 4. Crude and adjusted hazard ratios for preterm birth according to metabolic
equivalent-hours of physical exercise per week during pregnancy (n = 87,232), Danish

National Birth Cohort, 1996—2002

Exercise No. ofl Crude Adjusted 95% Cl* p for p for
(MET*-hours/week) pregnancies HR# HRt trend trend#
0 55,412 1 1 <0.0001  0.1104
>0-<5 6,393 0.80 0.77 0.68, 0.87
>5-<10 10,009 0.85 0.82 0.74, 0.91
>10-<15 5,668 0.88 0.83 0.71, 0.96
>15 9,750 0.92 0.88 0.78, 1.00

* MET, metabolic equivalent; HR, hazard ratio; Cl, confidence interval.

t Adjusted for age, gravidity, parity, previous spontaneous abortions, uterine fibroids/
malformations/cone biopsy, subfecundity, coffee consumption, alcohol consumption, smoking,
body mass index, job status, working hours, working position, and job strain.

F When zero exposure was separated from the dose-response.
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TABLE 5. Crude and adjusted hazard ratios for preterm birth according to possible
changes in physical activity level during pregnancy (n = 67,861), Danish National Birth

Cohort, 1996—-2002

Exercise (yes/no) (+/-) No. of Crude Adjusted 95% Cl*
<22 weeks# >22 weeks§ pregnancies HR* HRt
— — 34,767 1 1
+ - 12,233 1.08 1.06 0.96, 1.18
- + 8,128 0.89 0.83 0.73, 0.95
+ + 12,733 0.86 0.81 0.72, 0.91

* HR, hazard ratio; Cl, confidence interval.

t Adjusted for age, gravidity, parity, previous spontaneous abortions, uterine fibroids/
malformations/cone biopsy, subfecundity, coffee consumption, alcohol consumption, smoking,
body mass index, job status, working hours, working position, and job strain.

¥ Data from the first pregnancy interview, carried out before 22 completed weeks of gestation.

§ Data from the second pregnancy interview, carried out between 22 and 36 completed weeks

of gestation, inclusive.

modified from the Minnesota Leisure-Time Physical Activ-
ity Questionnaire (36, 37).

This study concentrated on leisure-time activities. Hence,
it was not our intention to cover physical activity as a whole
in an attempt to explain the physiologic mechanisms behind
a possible association with preterm birth. Our aim was to
contribute to the discussion regarding whether it is safe to
continue or commence leisure-time physical exercise during
pregnancy. To account for a possible work-related effect,
different measures of strain at work were included as cova-
riates. Unfortunately, information on prepregnancy physical
activity was not part of the collected data.

Since preterm birth is a strong predictor of subsequent
preterm birth, a previous preterm birth may lead to behavioral
modifications, which cannot be well controlled. However, in
analyses including only primigravidae or primiparae, the es-
timates found for the whole cohort were not altered.

We did not separate preterm births into spontaneous
births and medically induced births. Savitz et al. (38) con-
cluded that the overall risk profiles of pregnancies resulting
in the different types of preterm birth are often similar,
which justifies aggregation of the two types of preterm birth.
When the preterm births were subclassified according to
severity, the protective association in the overall analyses
disappeared among very preterm and extremely preterm
births, but because of limited power, we cannot conclude
that there is a different association with physical exercise
across gestational ages at birth.

The observed associations need not reflect causal effects
but could be results of uncontrolled confounding or reverse
causation, even though subanalyses did not indicate the lat-
ter. The results suggest a protective effect of exercise or
perhaps that pregnancies ending in preterm delivery follow
an early onset of symptoms that may interfere with the
capacity to be physically active. A possible mechanism be-
hind the findings is that increased insulin sensitivity caused
by exercise may decrease the inflammatory response that is
a suggested risk factor for preterm birth (39).

The results of this study do not suggest any negative effects
of physical exercise on the risk of preterm birth; rather, they

Am J Epidemiol 2008;167:859-866

suggest a minor protective association. Should our findings
reflect causal links, they would be of positive public health
importance, since very few evidence-based strategies for pre-
vention of preterm birth exist, and prescribing long-term rest
to pregnant women may carry unwanted risks.
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Physical exercise during pregnancy and fetal growth
measures: a study withinthe Danish National Birth Cohort
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OBJECTIVE: The objective of the study was to examine the association
between physical exercise during pregnancy and fetal growth
measures.

STUDY DESIGN: Data on 79,692 liveborn singletons from the Danish
National Birth Cohort were collected between 1996 and 2002. Mean
differences in birth weight, length, ponderal index, head and abdominal
circumference, and placental weight and hazard ratios of small- and
large-for-gestational-age babies were calculated.

RESULTS: Our data indicated smaller babies in exercising women
compared with nonexercisers, but the differences were small, and only

a few were statistically significant. Exercising women had a slightly
decreased risk of having a child small for gestational age (hazard ratio,
0.87; 95% confidence interval 0.83—0.92) and large for gestational age
(hazard ratio, 0.93; 95% confidence interval 0.89—0.98).
CONGLUSION: The findings do not indicate sizable effects on fetal
growth measures related to exercise apart from a modest decreased
risk of small- and large-for-gestational-age. These findings do not
speak against advising pregnant women to be physically active during
pregnancy.
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In line with an increasing focus on
physical activity as a preventive ac-
tion against obesity and obesity-re-
lated diseases, national guidelines in
many countries now recommend a sub-
stantial level of physical activity during
pregnancy.'™ Hence, in Denmark, a
minimum of 30 minutes of moderate

mended for healthy pregnant women.?
Exercise in pregnancy causes an acute
reduction in oxygen and nutrient de-
livery to the placental site.”” On the
other hand, maternal blood volume,
cardiac output, and placental function
has been found to be increased in exer-
cising women,®'” and the question re-
mains whether these mechanisms ade-

physical activity per day is recom-
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quately provide what the fetus needs of
oxygen and nutrients,®'"!»!*1°

Size at birth is a function of time spent
in utero and the fetal growth rate. We
already studied the association between
physical exercise and preterm birth using
data from the Danish National Birth Co-
hort and found a slightly decreased risk
among exercising women compared
with nonexercisers.'” The present study
addresses fetal growth, which is an indi-
cator of both fetal health and health later
in life.'®*’

With a few exceptions existing studies
on exercise and fetal growth have been
small and carried out on highly selected
groups of women.'>'"**>* Two meta-
analyses reported either no or only min-
imal differences in mean birthweight in
offspring of exercising mothers com-
pared with those of nonexercisers, and so
did 3 observational studies of varying
size (n = 148-7101),”>¢ although lower
birthweights were observed with vigor-
ous exercise in late pregnancy.’”> A Co-
chrane review on 11 randomized trials
reported that existing data were not suf-
ficient to “infer important risks or bene-
fits for the mother or infant.”*’

Most studies have addressed birth-
weight or small for gestational age
(SGA), and a few have included birth
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length or placental weight. It is recog-
nized that fetal growth may be impaired,
even if birthweight is within normal lim-
its, and more sensitive markers of growth
may therefore be needed.”®** Small ab-
dominal circumference is associated
with liver size and possibly high serum
cholesterol later in life,*® and small head
circumference correlates with brain
size*' and has been associated with lower
1Q,* high blood pressure,*® and higher
risk of cardiovascular disease*>*’ as well
as impaired glucose tolerance.**

The aim of this study was to examine
the association between physical exercise
during pregnancy and fetal growth mea-
sures: birthweight, length, ponderal in-
dex, abdominal and head circumference,
and placental weight.

MATERIALS AND METHODS

The Danish National Birth Cohort Study
(DNBC) is a cohort of a little more than
100,000 pregnancies with written in-
formed consents from the mothers. The
initial data collection included telephone
interviews, questionnaires, and blood
samples and took place between 1996
and 2002.

For this study, we used data from 2
pregnancy interviews carried out at ap-
proximately 16 and 31 completed weeks
of gestation. More details about the co-
hort are presented elsewhere.*> Some of
the women provided data on more than
1 pregnancy, and these data were used to
do a study among siblings using differ-
ences in physical exercise between the
pregnancies as the exposure.

The Scientific Ethical Committee has
approved the data collection in the Dan-
ish National Birth Cohort research data-
base. Approval to use data from the birth
cohort for the present study on preterm
birth has been obtained. The Danish
Data Protection Agency has approved
storage, handling, and linkage of data.
All of the participants signed an in-
formed consent form before being in-
cluded in the study.

Study population

A total of 100,418 pregnancies were re-
cruited to the DNBC, and only pregnan-
cies in which we had data from the first
pregnancy interview were included (n =

2 American Journal of Obstetrics & Gynecology

90,165). Reasons for not having a first
interview would be having an induced or
spontaneous abortion before the inter-
view was done or that we did not obtain
contact with the woman for the first
interview.

The following exclusions were made:
molar or ectopic pregnancies (n = 18),
miscarriages (n = 892), early induced
abortions (n = 4), late induced abor-
tions (n = 173), stillborn singletons (n =
285), multiple pregnancies (n = 1965),
mother emigrated (n = 36), deceased in
pregnancy (n = 1), and unknown out-
come (n = 8), which resulted in 86,783
pregnancies live born singletons. Fur-
thermore, 503 were excluded because of
missing or implausible birthweight ac-
cording to a method described by Alex-
ander et al.*®

A number of 1004 pregnancies were
excluded because of self-reported diabe-
tes in or before pregnancy. Finally, only
the first enrolled child of each mother
was included to avoid nonindependent
observations (5584 pregnancies ex-
cluded), except in the sibling study.
Thus, the final data set comprised 79,692
liveborn infants.

Exposure measures

In the first and second pregnancy inter-
view, the women were asked the follow-
ing questions: (1) “Now that you are
pregnant, do you engage in any kind of
exercise?” In the case of a positive an-
swer, the following questions were
posed: (2) “What kind of exercise do you
engage in?”; (3) “How many times a
week do you engage in ... (answer in
question 2)?”; (4) “How many minutes a
time do you engage in ... (answer in
question 2)?”; and (5) “Do you engage in
other types of exercise?” A positive an-
swer to the last question released a loop
with the aforementioned questions until
a negative response was given. All ques-
tionnaires are available in English at
www.bsmb.dk.

For each of the 2 pregnancy inter-
views, the total number of minutes spent
on exercise per week was categorized
into hours per week. For additional anal-
yses, the active women were assigned to 1
of the following types of activities de-
fined as the type of activity performed

MONTH 2009

more than 50% of the total activity time:
swimming, low-impact activities (aero-
bic/gymnastics for pregnant women,
aerobic/gymnastics, dance, walking/hik-
ing, yoga), high-impact activities (jog-
ging, ball games, racket sports), work-
out/fitness training, bicycling, horseback
riding, and a nonclassifiable category.
Data on gestational age at birth (days),
mother’s age at conception (years), and
sex of the offspring were taken from the
hospital birth record obtained from the
National Discharge Registry. The other
covariates came from the first pregnancy
interview and were prepregnant body
mass index (kilograms per square
meter), occupational status, parity, and
smoking, coded as presented in Table 1.

Outcome measures

From the National Discharge Registry,
we had data on birthweight (grams)
length (centimeters), ponderal index
([weight in grams*100]/[length in cubic
centimeters]),”” abdominal and head
circumference (centimeters), and pla-
cental weight (grams). For practical rea-
sons we use the overall term fetal growth
measures for the endpoints in the study,
acknowledging that these measures are
no more than proxies or indicators of fe-
tal growth.

SGA and large for gestational age
(LGA) were calculated as the 10th per-
centile or below and as the 90th percen-
tile or above of the sex- and gestation-
specific birthweight within the present
study population. Analyses were re-
peated using an intrauterine fetal weight
standard.*®

Statistical analysis

We examined the association between
amount of exercise in pregnancy and
birthweight, length, ponderal index, ab-
dominal and head circumference, and
placental weight, respectively, by fitting
linear regression models. Both exercise
data from the first and the second preg-
nancy interview were analyzed, but only
data from the first interview are pre-
sented in the tables. Likelihood ratio
tests for interaction between exercise and
parity, gender of the offspring, and
smoking were made.
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TABLE 1

Maternal characteristics according to leisure time physical activity in early/mid
pregnancy, The Danish National Birth Cohort, 1996-2002, n = 79,692

Amount of exercise (h/wk) Mean
birthweight,
Variable % 0 >0—-=1 >1-=2 >2-=3 >3-=4 >4-=5 >5 g SGA LGA
n - 49929 10704 8156 4447 2551 1494 2236 - 7797 8268
Age at
conception, y
<25 13 14 13 12 13 14 13 16 3508 16 1
2510 <35 75 74 78 78 76 76 76 73 3586 72 76
3510 <40 10 11 8.8 9.3 9.9 9.3 95 94 3585 9.9 12
40+ 1 1.1 0.7 0.8 1.1 1.1 1.4 15 3552 1.3 1.3
Parity
Nulliparous 50 44 58 61 61 65 62 67 3485 65 25
Pluriparous 50 56 42 39 39 35 38 33 3668 35 65
Sociooccupational
status
Higher grade 8.9 8.1 10 10 10 10 10 9.1 3609 7.8 9.2
professionals
Lower grade 27 25 30 30 32 32 32 27 3609 24 29
professionals
Skilled 19 19 20 18 17 15 15 13 3569 19 18
workers
Unskilled 26 28 22 20 19 18 20 25 3543 29 25
workers
Students 14 12 14 16 18 19 18 19 3567 14 13
Out of work® 51 5.8 35 3.8 3.8 42 41 55 3557 53 5.6
Nonclassifiable 1 1 0.9 0.9 0.8 1.2 0.7 0.8 3519 1.1 0.8
Prepregnancy
body mass index
<185 45 49 4 34 3.7 4.2 37 52 3350 8.4 1.6
18510 <25 68 67 70 71 72 74 75 73 3556 70 60
2510 <30 19 20 19 18 18 16 16 16 3651 16 25
30+ 8 8.7 7.6 7 6.5 6 48 58 3678 6.5 14
Smoking in early/
midpregnancy,
cig/d
0 74 70 80 79 78 78 81 7% 3617 60 81
1t0 <10 15 15 13 13 14 13 13 15 3490 20 11
10+ 12 14 7.7 7.6 8 8.6 6.6 8.8 3421 20 8

@More than 3 months prior to interview.

Missing values for amount of exercise: 175, for parity: 36, for pre-pregnancy body mass index: 1342, and for smoking: 212.
Cl, confidence interval; LGA, large for gestational age; SGA, small for gestational age.

Juhl. Physical exercise during pregnancy and fetal growth measures. Am ] Obstet Gynecol 2009.

In addition, a sibling analysis was
made to examine whether changes in ex-
ercise between 2 pregnancies correlated
with birthweight measures. In the case of

more than 2 liveborn children in the co-
hort (n = 63), only the first 2 pregnan-
cies were included. Hence, 5521 pairs of
siblings were studied.

MONTH 2009

Five categories of change in exercise
between pregnancies were generated:
from much to nothing (-2), from much
to little or from little to nothing (-1), no

American Journal of Obstetrics & Gynecology 3
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change (0), from nothing to little or from
little to much (+1), and from nothing to
much (+2). Little exercise was defined as
less than 90 min/wk and much exercise
as 90 minutes or more. Adjustment for
time-varying variables was made. Those
were the same as in the main analyses
except for occupational status. Covari-
ates were modeled as in main analyses
except that each covariate was included
in the model with values from both the
first and the second pregnancy.

Finally, we estimated the hazard rate of
SGA and LGA in the offspring as a func-
tion of gestational days by means of a
Cox regression model. Using a model for
the hazard rate (rather than, in general,
logistic regression) has a number of ad-
vantages. First, gestational age is directly
incorporated in the model; second, it en-
ables us to take the different times of en-
try into follow-up into account; and
lastly, it makes it possible to update ex-
posure data in cases in which a second
interview is available. Follow-up ended
at birth, emigration, or maternal death.
An event was defined as delivery of a live-
born SGA or LGA baby, respectively. Ifa
second interview was available, exercise
data were updated by the time of the sec-
ond interview.

Analyses on fetal growth measures and
SGA/LGA were further carried out on a
population without possible clinical
contraindications for exercise. In these
analyses the following exclusions were
made: not having a second pregnancy in-
terview (because a number of pregnancy
complications were reported here), met-
abolic disorders, hypertensive disorders
(including gestational hypertension and
preeclampsia) or other serious illnesses,
vaginal bleeding, painful contractions,
loss of amniotic fluid, and cervical in-
competence or dilatation.

Gestational age at birth in days was
modeled as quadratic splines in all lin-
ear regression models. To avoid too
much weight on extreme values, ma-
ternal age and prepregnant body mass
index were modeled as restricted qua-
dratic splines.

An alternative to this way of adjust-
ment for gestational age would be to an-
alyze gestational age—specific z-scores for
the fetal growth measures. However, we

4 American Journal of Obstetrics & Gynecology

believe that the interpretation of regres-
sion coefficients is more direct when they
are expressed in grams, centimeters, etc
rather than in SDs. The remaining ad-
justment variables were included as cat-
egorical variables and categorized as dis-
played in Table 1. The decision on which
factors to adjust for was made a priori.
All analyses were carried out using SAS
statistical software (version 9; SAS Insti-
tute, Cary, NC).

RESULTS

Table 1 shows some characteristics of the
women according to exercise, mean
birthweight, SGA, and LGA. In 37% of
79,692 pregnancies, the mother engaged
in leisure time physical activity at the
time of the first pregnancy interview.
This proportion decreased to 31% at the
time of the second pregnancy interview.
Compared with active women, nonexer-
cisers had lower sociooccupational sta-
tus; were more often parous, overweight,
or obese; and were more likely to smoke
10 cigarettes per day or more. Compared
with other physically active women,
heavy exercisers (>5 h/wk) were more
likely to be in the outer age groups, nul-
lipara, unskilled workers, students or out
of work, and underweight. Women who
had given birth before, women with
higher sociooccupational status or
higher body mass index, and nonsmok-
ing women tended to have offspring with
larger birthweights. SGA in the offspring
was more common among mothers who
were young, nulliparous, or smokers or
with low body mass.

Table 2 presents mean differences in
fetal growth measures among women
engaged in exercise during early/mid-
pregnancy compared with nonexercis-
ers. In the analysis only adjusted for ges-
tational age, birthweight seemed to
decrease with increasing amount of ex-
ercise, but this association almost disap-
peared after controlling for potential
confounding factors.

Most estimates in the analyses of the 6
different fetal growth measures showed a
tendency toward decreasing size in off-
spring of women who exercised, but the
differences were small. There were statis-
tically significant trend tests for abdom-

MONTH 2009

inal and head circumference. In the
birthweight analysis, smoking and parity
were the 2 covariates that confounded
the association the most: smoking in a
negative and parity in a positive direc-
tion, whereas inclusion of prepregnant
body mass index, age, occupational sta-
tus, or sex of offspring had only minor
influence on the estimates.

We also fitted the linear regression
model to exercise data from the second
pregnancy interview to the linear regres-
sion model and estimated mean differ-
ences according to amount of exercise.
We found statistically significant trend
tests for birthweight, abdominal circum-
ference, and head circumference, indi-
cating smaller size with increasing
amount of exercise, but as seen for data
from the first interview, the differences
were small and with no consistent differ-
ences over exercise categories (data not
shown).

When we tested for interaction sex of
the offspring and parity did not signifi-
cantly modify the association between
exercise and fetal growth measures.
However, including an interaction term
with smoking led to statistically signifi-
cant P values between physical exercise
and birthweight (P < .001), birth length
(P = .0005), abdominal circumference
(P = .0007), and head circumference (P
<.0001).

Differences in birthweight according
to smoking status are presented in Table
3. Among nonsmokers, exercise was as-
sociated with smaller babies compared
with no exercise, whereas smokers who
exercised had on average larger babies
than smokers who did not exercise.
Among moderately exercising women,
the association was stronger among
women who smoked 10 cigarettes per
day or more than among those smoking
less. For more extensive amount of exer-
cise, this tendency was not evident and
estimates not statistically significant.

Table 4 shows mean birthweight dif-
ferences in siblings according to changes
in exercise between the pregnancies in a
sample of women with at least 2 liveborn
children in the cohort. Women who
changed exercise level between pregnan-
cies had on average larger babies than
women who exercised at the same level
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TABLE 3

Adjusted mean differences in birthweight (g) according to leisure time physical activity
and smoking during pregnancy, The Danish National Birth Cohort, 1996-2002, n = 79,692

Smoking in early/midpregnancy, cig/d

0 (n = 58,435) 1-<10(n = 11,627) 10+ (n = 9418)
Exercise (h/wk) Adjusted® 95% Cl Adjusted® 95% Cl Adjusted® 95% Cl
0 0 - 0 - 0 -
>0—=1 —11 —22to0 —1 34 9-59 51 19-82
>1—-=2 -9 —21t02 33 5-60 79 43-115
>2—-=<3 —14 —30to1 15 —21to 51 92 45-139
>3—=4 —23 —43t0 -3 45 —31094 25 —34 10 84
>4—=<5 —18 —43t07 36 —27 1099 25 —62to 111
>5 —23 —44 10 —1 6 —411054 45 —17t0 107

Cl, confidence interval.

.

Missing values for amount of exercise: 175, for parity: 36, for pre-pregnancy body mass index: 1342, and for smoking: 212.

@ Adjusted for gestational age, sex, maternal age, prepregnant body mass index, occupational status, parity, and smoking.
Juhl. Physical exercise during pregnancy and fetal growth measures. Am ] Obstet Gynecol 2009.

J

ticipated with more than 1 pregnancy
made a sibling analysis possible, in which
time-stable between-subject confound-
ing variables are partly controlled for
such as parental genetic factors (except
when the father is not the same). The sib-
ling-pair analysis showed that both
women who exercised more and women
who exercised less in a subsequent preg-
nancy tended to have babies with higher
birthweights than those who did not
change exercise level.

In this study we neither adjusted for
gestational weight gain nor tested for in-
teraction between exercise and gesta-
tional weight gain because of 2 method-

ological issues. First, gestational weight
gain is a function of some of the out-
comes under study (birthweight and pla-
cental weight), and gestational weight
gain may be an intermediate factor be-
tween exercise and size at birth. Our data
indicated that exercisers were less likely
than nonexercisers to have a high gesta-
tional weight gain, which could partly
explain the apparent protective effect on
LGA.

Confounding by indication, other
types of confounding and reverse causa-
tion may partly explain the modest asso-
ciations found. Pregnancy complica-
tions such as bleeding in pregnancy,

gestational hypertension, uterine con-
tractions, or other indications of im-
paired intrauterine growth may affect
the level and intensity of physical activ-
ity. To the extent that these complica-
tions lead to restricted fetal growth, they
will bias the results toward showing low
fetal growth in women who do not exer-
cise. Randomized controlled trials
should be immune to confounding by
indication, but most trials so far have
been too small to detect modest deficits
in fetal growth. Repeating the analyses in
a population free of clinical indications
for not doing exercise did not alter the
estimates of any importance.

Ve

TABLE 4

Mean differences in birthweight difference among siblings according to exercise
level in the 2 pregnancies, The Danish National Birth Cohort, 1996-2002, n = 5521

Change in birthweight, g (mean 130)

Change in exercise between the 2 pregnancies N Crude?® Adjusted® 95% Cl P value
From much exercise® to nothing 806 42 30 —4 1064 0.0752
From much to little exercise or from little to nothing 859 57 44 11-77

No change® 3180 0 0 -

From nothing to little or from little to much 392 3 17 —2910 63

From nothing to much 255 17 26 —29 10 82

Missing values in change in exercise: 29.
Cl, confidence interval.

2 Adjusted for gestational age; ° Adjusted for gestational age, sex, maternal age, prepregnant body mass index, parity, and smoking; ¢ =90 m/wk; ¢ This category included both exercisers and

NONEXEICISers.

Juhl. Physical exercise during pregnancy and fetal growth measures. Am ] Obstet Gynecol 2009.
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TABLE 5

HRs of SGA and LGA according to leisure time physical activity,
The Danish National Birth Cohort, 1996-2002, n = 79,692

SGA? LGA®
Exercise HR® 95% Cl P value for trend HR® 95% Cl P value for trend
No exercise 1 - 1 -
Exercise 0.88 0.83-0.93 0.93 0.88-0.98
H/wk
0 1 - 0.1168 1 - 0.0037
>0—=1 0.87 0.81-0.93 0.98 0.92-1.05
>1-=2 0.83 0.76-0.91 0.90 0.82-0.98
>2—-=<3 1.00 0.89-1.14 0.85 0.74-0.98
>3—-=5 0.83 0.72-0.95 0.89 0.77-1.04
>5 1.04 0.87-1.23 0.72 0.57-0.91

Cl, confidence interval; HR, hazard ratio; LGA, large for gestational age; SGA, small for gestational age.

aWith a 10% cut point of an internal reference in the Danish National Birth Cohort; ® With a 90% cut point of an internal reference in the Danish National Birth Cohort; © Adjusted for maternal

age, pre-pregnant body mass index, occupational status, parity, and smoking.

Juhl. Physical exercise during pregnancy and fetal growth measures. Am ] Obstet Gynecol 2009.

We estimated both the hazard of being
born SGA given exercise and the differ-
ence in mean birthweight and other size
measures among exercising and nonex-
ercising women. The use of dichoto-
mized outcome measures such as SGA
and LGA can be questioned because in-
trauterine growth retardation can occur
at a wide spectrum of birthweights for
gestational age.*” This may partly ex-
plain why we at the same time found a
slightly reduced risk of SGA and a ten-
dency toward smaller birth size measures
when analyzing in a linear regression
model.

Self-reported physical exercise may be
overreported because physical activity
today is considered healthy. However,
we believe this kind of information bias
to be nondifferential because exposure
data were prospectively collected. We do
not have adequate data on physical activ-
ity at work, and it is possible that this
source of exposure reduces our exposure
contrast, which may lead to an underes-
timation of effect size.

Random measurement errors are un-
avoidable for some of the endpoints
used, especially abdominal circumfer-
ence and placental weight. It seems un-
likely, however, that these errors should
differ according to exercise and thereby
bias the results away from the null.

Our data indicated that women who
exercise have fewer risk factors for fetal
growth impairment than women who do
not exercise. Confounding is therefore
expected to produce an underestimation
of fetal growth impairment among those
who exercise unless the confounders are
adjusted for. The results may also indi-
cate that the energy used to perform ex-
ercise is probably readily compensated
by increase in energy intake, which is ex-
pected in countries with no shortage on
access to food. Our results need not ap-
ply to countries in which this may not be
the case or for women with health prob-
lems that have an impact on appetite.

These results are in line with most pre-
vious research, although it is difficult to
compare results because exposure data
differ greatly. The largest observational
study so far, which included 7101 preg-
nant women, found no association be-
tween heavy work and/or heavy exercise
and birthweight, but possible effects re-
lated to leisure-time physical activity
could not be isolated because exercise
and work exposures were combined.*®

This study does not suggest negative
effects of physical exercise in pregnancy
on birthweight and other indicators of
fetal growth. A modest decreased risk of
SGA was observed for physically active
women."? |
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Background Exercise in pregnancy is recommended in many countries, and swim-
ming is by many considered an ideal activity for pregnant women. Disinfection by-
products in swimming pool water may, however, be associated with adverse effects
on different reproductive outcomes. We examined the association between swimming
in pregnancy and pre- and postterm birth, fetal growth measures, small-for-
gestational-age, and congenital malformations.

Methods We used self-reported exercise data that were prospectively collected twice
during pregnancy on 74,486 singleton pregnancies where the mother had reported
swimming, bicycling or no exercise. Recruitment to The Danish National Birth Co-
hort took place 1996-2002. Using Cox, linear and logistic regression analysis, depend-
ing on the outcome, we compared swimmers with physically inactive pregnant wom-
en and, in order to separate a possible swimming effect from an effect of exercise, bi-
cyclists were included as an additional comparison group.

Results Risk estimates were similar for swimmers and bicyclists including those who
practiced swimming throughout pregnancy and those who practiced swimming more
than 1.5 hours per week. Compared with non-exercisers, women who swam in
early/mid pregnancy had a slightly reduced risk of giving birth preterm (hazard ratio
0.80, 95% confidence interval 0.72-0.88), or giving birth to a child with congenital
malformations (odds ratio= 0.89, 95% confidence interval 0.80-0.98).

Conclusions These data do not indicate that swimming in pool water is associated
with adverse reproductive outcomes, such as preterm birth, postterm birth, fetal

growth measures, small-for-gestational age, and congenital malformations.
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Some disinfection by-products (DBPs) in drinking water may be fetotoxic and thus
increase the risk of adverse reproductive outcomes among highly exposed pregnant

women. End points such as time to pregnancy,' preterm birth,” low birth weight or

3-14 15-22 3;15;23-

small-for-gestational-age (SGA),” " spontaneous abortions ~ °~ or birth defects
%% have been studied, but the empirical evidence for any of these potential hazards is
inconclusive and potential biological mechanisms are poorly understood.'” Chemical
disinfection processes in swimming pools result in the formation of DBPs through the
reaction of chlorine with organic matter.’ Swimming pool water contains natural or-
ganic matter from the tap water itself but also from bathers’ sweat, urine, skin par-
ticles, hair, microorganisms, cosmetics, and other personal care products.’* The spe-
cific types and levels of DBPs formed depend on numerous factors, including the type
and amount of disinfectant used, characteristics of the swimming pool and pool water,
and swimmer hygiene.”' Exposure to DBPs from swimming pools may occur through
ingestion, inhalation, or dermal absorption when swimming.**>**° For several DBPs,
including the most common trihalomethanes, inhalation and dermal absorption contri-
bute more to the total uptake than exposure through ingestion.*' Only one study has
investigated swimming in pools and birth weight and did not find any association.**
Using data from Denmark, where chlorination of drinking water is rarely used, en-
hances the possibility of isolating possible effects of swimming pool water as opposed
to studies in settings with chlorinated drinking water . Hence, data from The Danish
National Birth Cohort (DNBC) provides a favourable opportunity to study potential
side effects of swimming during pregnancy. Further, swimming in indoor pools is a
recommended, and common, activity during pregnancy.*****

We examined the association between swimming in pregnancy and several birth out-

comes (pre- and postterm term birth; fetal growth measures, including birth weight
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and SGA; and congenital malformations) in a large cohort of pregnant women in
Denmark. We compared swimmers and bicyclists, respectively, with physically inac-
tive pregnant women. Bicyclists were included as an additional comparison group in
the attempt to separate a possible swimming effect from that of exercise per se. The

: . e 43:45:46
latter was evaluated in previous publications.™™

METHODS

Subjects

The DNBC is a nationwide population-based cohort with prospectively collected data
from pregnant women and their offspring. The intention was to invite as many eligible
women in Denmark as possible in a given time period, and inclusion criteria were 1)
living in Denmark 2) not planning an induced abortion, and 3) speaking Danish well
enough to participate in four telephone interviews during pregnancy and early moth-
erhood. Recruitment took place between 1996 and 2002 using general practitioners to
present the consent form together with written information at the first antenatal visit in
early pregnancy. The initial data collection included telephone interviews, question-
naires, and blood samples. Timing of the two pregnancy interviews used in this study
scheduled to take place in pregnancy week 12-16 and 30. The median gestational age
for the first pregnancy interview was 114 days (10th percentile, 84 days; 90th percen-
tile, 160 days), corresponding to 16.3 completed weeks. For the second interview, the
median gestational age was 218 days (10th percentile, 195 days; 90th percentile, 249
days), corresponding to 31.1 completed weeks. About half of the general practitioners
agreed to take part in the recruitment process, and we estimate that about 60 percent
of the invited women accepted the invitation. More details about the cohort are pre-

4
sented elsewhere.*’
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Study Population(s)

To this study we included all pregnancies with available data from the first pregnancy
interview (n=90,165), and that excludes women who had an early induced or sponta-
neous abortion before the time of the first interview or who could not be contacted by
phone for this interview. We excluded 1965 multiple pregnancies, and we only in-
cluded pregnancies where the mother had reported swimming, bicycling or no exer-
cise. Main analyses were based on swimming data from the first pregnancy interview,
and Figure 1 describes the selection of women to this study. Specific exclusions were
made for each of the four endpoints studied, and this resulted in minor variations in
sample size (Figure 1). In order to be included in analyses of swimming throughout
pregnancy, the women should report swimming, bicycling, or no exercise in both in-
terviews. Since many women changed their exercise habits from the first to the sec-
ond interview, there is a difference of about 25,000 between the two analyses. Alto-

gether 48,781 pregnancies were included in this study..

Data on Swimming

From the first and the second pregnancy interview we used self-reported data on en-
gagement in physical exercise (yes/no), type of exercise, and duration of each exercise
session. We generated three exposure categories: 1) any reported swimming, 2) any
reported bicycling but no swimming, and 3) no exercise. We present data from
early/mid pregnancy and throughout pregnancy. The questionnaires are available at

www.bsmb.dk.
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All water activities were included in the swimming group, including antenatal water-
exercises or baby-swimming with older children, and since our data did not include
information on exercise intensity, we expect both the bicycling and the swimming

group to include all levels from mild to vigorous training.

Other Variables

From the National Discharge Registry we had mother’s age at conception and sex of
the offspring. From the first pregnancy interview we used data on pre-pregnancy body
mass index, occupational status, gravidity, parity, previous spontaneous abortions,
bleeding in early pregnancy, chronic diseases, uterine fibroids/malformations/cone
biopsy, subfecundity, smoking, coffee and alcohol consumption, working hours,
working position, physically strenuous work and psychosocial jobstrain. The adjust-
ment variables varied between the analyses depending on the endpoint studied and are
displayed in footnotes to the tables 2-4. The decision on which factors to adjust for
was made a priori, based upon existing knowledge on risk factors for a given end

point.

Reproductive Endpoints

Data on gestational age at birth (days), birth weight (g), length (cm), ponderal index
(calculated as (weight in g*100)/(length in cm?),* head circumference (cm), abdomi-
nal circumference (cm), placental weight (g), and congenital malformations were ab-
stracted from the National Discharge Registry. We defined preterm birth as a delivery
after 153 gestational days (22 completed weeks) but before 259 days (37 completed
weeks) and postterm birth as a delivery at or after 294 gestational days (42 completed

weeks). For SGA we used a 10 percent cut point of the sex- and gestation specific
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birth weight within the DNBC. Subgroups of congenital malformations, as displayed
in Table 2 and 3, were defined using ICD10 codes on malformations registered within
the first year of life (the 10" revision of International Classification of Diseases). If a

child had more than one malformation, the child was included in each subgroup.

Statistical Analysis

We examined reproductive endpoints between swimmers, bicyclists, and non-
exercisers. To evaluate the importance of time spent in swimming pools, we also cal-
culated measures of association for two levels of time spent on swimming and bicy-
cling (<90 and 90+ min/week) relative to no exercise. We considered bicyclists a rea-
sonable comparison group to swimmers, because, similar to swimming, bicycling is a
non-weight bearing sport, which can be performed at all different levels. Further we
compared swimmers with non-exercisers in the attempt to exclude that a possible as-
sociation between swimming and birth outcomes was explained by physical activity

and not swimming.

We estimated hazard ratios for preterm birth and SGA using Cox regression analysis.
If a second pregnancy interview was available, exercise data was updated by the time
of the second interview. In order to adjust for the different entry times into follow-up,
we stratified our models by gestational age at the time of the first and the second in-
terview, respectively. For preterm birth, time at risk started from the day a woman
completed the 22" gestational week or on the day of her first pregnancy interview,
whatever came last. Follow up ended at birth or by the time a woman completed ges-
tational week 37, whatever came first. For SGA analyses, the Cox model was set up in

the same way, except that time at risk was not restricted as described above. Hence,
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no time restrictions were applied to the analyses of SGA, whereas entry time into fol-
low up in the preterm birth analyses was 22 gestational weeks, since preterm birth is
defined as a delivery between 22 and 37 completed gestational weeks. We calculated
mean differences in birth weight, length, ponderal index, head and abdominal circum-
ference, and placental weight by fitting linear regression models. Logistic regression
analysis was used to estimate odds ratios for postterm birth, any congenital malforma-

tion, and subgroups of malformations.

RESULTS

Table 1 shows the distribution of each examined outcome according to swimming,
bicycling and no exercise. In this population, consisting only of women who reported
swimming, bicycling or no exercise, 75% did not engage in exercise, 14% had re-
ported swimming, and 11% had reported bicycling (and no swimming). There were
fewer preterm births among swimming mothers compared with the other groups.
Apart from this, there were only minor differences between swimmers and bicyclists.
There were fewer postterm deliveries, more SGA-babies, and a slightly higher occur-
rence of malformations in the offspring among non-exercising mothers compared with

swimmers and bicyclists.

Table 2 shows the association between swimming and bicycling in early/mid preg-
nancy and pre- and postterm birth, SGA, congenital malformations, and fetal growth
measures compared with no exercise. There was a slightly decreased risk of preterm
birth and an even minor decreased prevalence of overall congenital malformations
among swimmers compared with non-exercisers. No major differences were observed

between swimming and bicycling. Risk estimates for respiratory and cleft lip/palate
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malformations indicated a decreased risk among swimmers compared with non-
exercisers, but estimates are based on small numbers with substantial uncertainty. Ex-
cept for cleft lip/palate malformations, malfomation estimates were similar among

swimmers and bicyclists.

In table 3 we used a measure of swimming, bicycling, and no exercise, respectively,
reported at both the first and the second pregnancy interview. The results were very

similar to those from early/mid pregnancy.

In table 4 the amount of swimming is evaluated. The table shows only minor differ-
ences between high and low levels of swimming, and, further, the relation between
high levels of swimming and high levels of bicycling reflects the results presented in

Table 2.

DISCUSSION

This study does not indicate any adverse effects of swimming, or other water activi-
ties, in early/mid pregnancy on pre- and postterm birth, SGA, birth weight and other
fetal growth measures, or congenital malformations. Similar reassuring results were
found for those who practiced swimming throughout pregnancy and those who re-
ported higher amounts of swimming, i.e. at least 1.5 hour per week. These findings do
not rule out that chemicals used in indoor pools are fetotoxic at other exposure levels.
Furthermore, although this is a large mother-child cohort, the study has limited power
to detect an increased risk for rare outcomes such as specific congenital malforma-
tions. Our findings are in line with those of the only previously published study with a

specific focus on swimming during pregnancy by Niewenhuijsen et al. indicating no
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association between swimming and birth weight.** We did not observe marked differ-
ences in outcomes between swimmers and bicyclists, and the use of a secondary exer-
cise group for comparison (bicyclists) should strengthen our results and further sup-
port previous findings. . Our data, however, suggest that physical exercise may be
beneficial, or alternatively that the modestly elevated risk for preterm birth and per-
haps congenital malformations seen among non-exercisers compared with swimmers
could be related to medical reasons for not doing exercise (confounding by the indica-
tion for not being physically active). Reverse causation may also explain these differ-
ences if an affected fetus impairs maternal health during pregnancy, although this
seems unlikely particularly in the early phase of pregnancy. Even though both swim-
ming and bicycling have been found to increase the uteroplacental resistance, and
thereby reduce blood flow to the uterus, the flow in the umbilical artery has been
found to remain unchanged,® which supports the fact that we did not identify substan-

tial birth weight differences in the offspring between the two exercise groups.

Bicycling is a common means of commuting in Denmark, and many of the bicyclists
in the study most likely used their bike for commuting as part of a daily routine. Since
data on physical activity were both self-reported and did not include information on
intensity, we expect the bicycling group to include all levels of intensity. Information
on swimming faces a similar problem, since both swimming and all other water ac-
tivities were included. Subdividing the swimming- and bicycling groups into two lev-
els of weekly time spent on the activity, did not bring about new conclusions. Even
though we have considered bicycling a fair comparison with swimming in this paper,
there may be arguments against this assumption: Bicycling is being done in a sitting

position, which might increase abdominal pressure on the pelvis, bicycling is perhaps
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more aerobic, since breathing is not as limited as it is during swimming, bicycling
uses the lower body which has larger musculature while swimming may use more of
the upper body, and swimming may allow for better heat dissipation from the mother's
body. We have, however, not been able to identify another exercise group that could

more adequately act as a comparison group.

Our study addresses population based experience, and most of the participating
women are not expected to be heavily exposed to swimming pool chemicals. There is
practically no publicly available information on levels of DBPs in swimming pools in
Denmark. Studies on swimming pools in other countries, such as Spain, indicate that

levels of trihalomethanes in swimming pools are not higher than those found in drink-

. 50
Ing water ~.

These findings suggest that the current practice of swimming in pools for pregnant

women is safe for the endpoints we studied.
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