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ABSTRACT

LEISURE-TIME PHYSICAL ACTIVITY DURING PREGNANCY
AND OFFSPRING SIZE

By

Lanay M. Mudd

The aims of this dissertation were to determine the effect of maternal leisure-time
physical activity (LTPA) on offspring size at birth, to determine the separate and
combined effect of LTPA during pregnancy and child leisure-time behavior on odds of
child obesity, and to determine the reliability of postpartum recall of LTPA during
pregnancy.

For Aims One and Two, women enrolled in the Pregnancy Outcomes and
Community Health study (1998-2004) were followed up in 2007. Follow-up efforts were
extensive for a subcohort and minimal for the remainder, or non—subcohort. This resulted
in 596 subcohort and 418 non-subcohort women who delivered at term and provided
complete information relative to our aims. Original data collection supplied demographic,
pregnancy, and birth information. Sex and gestational age specific birth weight z-scores
(BWz) were calculated and offspring were categorized as small-, appropriate-, or large-
for-gestational-age (SGA, AGA, and LGA, respectively). At follow-up, women recalled
pregnancy LTPA and were classified as inactive, insufficiently active, or meeting LTPA
recommendations. Women also reported child leisure-time behavior (mostly sedentary,
some sedentary/some active, or mostly active) and child height and weight. Children
were classified as healthy weight (5-<85'h), overweight (85-<95™), or obese (>95™) based

on sex and age specific BMI percentiles.



di

dr
S

Ik

oA
the
Y
EN
(30

fels

Chil
therr
posty
Reca
signi
Ir=0),
ayn

Pagy



Among the non-subcohort, meeting LTPA recommendations significantly
decreased odds of LGA (aOR=0.30, 95%CI: 0.14-0.64) without affecting odds of SGA.
In quantile regression analyses, meeting LTPA recommendations was unrelated to BWz
until the 0.65 quantile, after which it significantly reduced BWz. Results for the
subcohort were similar but non-significant. Thus, LTPA during pregnancy may benefit
maternal/child health by reducing BWz only among the upper parts of the distribution.

Insufficient activity and meeting LTPA recommendations during pregnancy were
each associated with borderline significant reduced odds of child obesity by ~50% within
the non-subcohort and by~30% within the subcohort. The highest odds of obesity was
associated with maternal inactivity during pregnancy combined with sedentary child
activity within both the non-subcohort (aOR=2.47, 95%CI: 0.83-7.39) and subcohort
(aOR=1.76, 95%CI: 0.84-3.71). Both LTPA during pregnancy and children’s own
leisure-time behavior appear to contribute towards risk of child obesity.

For Aim Three, 298 women enrolled in the Michigan Alliance for the National
Children’s Study Pilot Study reported min/wk spent in moderate and vigorous LTPA at
their first prenatal care visit (total min/wk of LTPA calculated). At 15-30 months
postpartum, 82 women recalled LTPA during the trimester of their original interview.
Recalled vigorous (r;=0.34, p=0.002) and total (r,=0.28, p=0.016) LTPA values were
significantly correlated with original reports, but this was not true for moderate LTPA
(r=0.10, p=0.350). There was high percent agreement for original vs. recalled report of
any moderate, vigorous, or total LTPA (70-79%), but kappa values were low (0.02-0.18).

Postpartum recall of LTPA during pregnancy appears to be moderately reliable.
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CHAPTER ONE: INTRODUCTION

Giving birth to an infant that is either too small or too large is associated with
adverse health outcomes for both the mother and her child. While the causes and health
risks of small infants have received considerable attention, few researchers have
examined the etiology of excess fetal growth leading to large birth size. In addition to
having an increased risk of birth trauma, it appears that large infants are predisposed
towards becoming overweight children." ? Thus, examining modifiable factors that
influence birth size may uncover new pathways for preventing childhood obesity.

Past research among select samples of women has shown that maternal leisure-
time physical activity (LTPA) during pregnancy decreases birth size modestly,’ and
reduces the risk of being born large for gestational age.* However, the independent
effects of pre-pregnancy LTPA, trimester-specific LTPA, and maternal body size on the
distribution of offspring birth size are not easy to delineate. In addition, only a couple of
small studies have evaluated the relationship between maternal LTPA and offspring size
during toddlerhood/childhood.’ Gaining more insight into the effect of maternal LTPA on
birth size could inform future research concerning LTPA recommendations for women of
childbearing age. Furthermore, understanding the role of maternal LTPA on offspring
growth may also help to formulate new approaches for preventing childhood overweight
and obesity.

Finally, the reliability of recalling pregnancy-related LTPA needs to be
established in order to facilitate future epidemiological research on the long-term effects
of LTPA during pregnancy on maternal and child health outcomes. To date, only one

small study has examined the validity of recalling LTPA performed during pregnancy at
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6 years postpartum.® Using a sample of white, upper-middle class women with mainly
high levels of LTPA measured during pregnancy, Bauer et al. found moderate to high
agreement between originally measured and recalled amounts of LTPA. However, LTPA
had been measured precisely via accelerometry, heart rate telemetry, and LTPA surveys
at two time-points during pregnancy among these women.® Thus, their ability to recall
LTPA may have been influenced by greater attention to their activity during pregnancy.
More research is needed to determine whether women with more diverse personal
characteristics and/or LTPA participation may have similarly high recall abilities and
whether participant characteristics may influence recall ability.

This dissertation evaluates the effects of maternal LTPA during pregnancy on
offspring size at birth and in childhood. Additionally, the reliability of pregnancy-related
LTPA recalled at two years postpartum is evaluated. Data from the Pregnancy Outcomes
and Community Health (POUCH) Study were used to determine relationships among
LTPA during pregnancy and offspring size. Women enrolled in the POUCH study were
contacted at 3-9 yrs postpartum and asked to recall type, frequency, and duration of up to
two leisure-time physical activities they performed most often during a typical week in
their POUCH pregnancy. They also reported their children’s current height and weight at
that time. Previously collected data provided birth weight, gestational age at delivery, and
descriptive characteristics.

Women enrolled in the Michigan Alliance for the National Children’s Study
(MANCS) pilot study were followed-up to assess reliability of recalled LTPA. Women
originally reported participation in moderate and vigorous LTPA while pregnant in the

summer of 2006. These women were contacted in fall of 2008 to recall their pre-
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pregnancy and trimester specific LTPA using the Modified Activity Questionnaire via a
mailed survey or internet survey.” Using data from these two cohorts, this dissertation
addresses the following three Specific Aims.
RESEARCH AIMS:
Specific Aim 1: To evaluate the effect of LTPA during pregnancy on offspring size at
birth, measured continuously as birth weight z-score and categorically as size for
gestational age (i.e., small for gestational age (SGA), appropriate for gestational age
(AGA), and large for gestational age (LGA)).
H 1.1. We hypothesize that meeting LTPA recommendations during pregnancy
will not be associated with a mean change in birth weight z-score in linear
regression analyses.
H 1.2. We hypothesize that meeting LTPA recommendations during pregnancy
will reduce odds of delivering an LGA infant, without affecting the odds of
delivering SGA in logistic regression analyses.
H 1.3. We hypothesize that meeting LTPA recommendations during pregnancy
will be associated with lower birth weight z-score only among the upper quantiles
of the birth weight z-score distribution in quantile regression analyses.
Specific Aim 2: To determine the separate and combined effect of maternal participation
in LTPA during pregnancy and child leisure-time behavior on odds of childhood
overweight (body mass index (BMI) > 85" to <95™ age and sex-specific percentile) and
obese (BMI > 95" age and sex-specific percentile) status. To assess the interactive effect,
a four-category combined variable will be created: inactivity during pregnancy and

sedentary child activity (-/-), inactivity during pregnancy and non-sedentary child activity
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(-/+), any LTPA during pregnancy and sedentary child activity (+/-), and any LTPA
during pregnancy and non-sedentary child activity (+/+).
H 2.1. We hypothesize that meeting LTPA recommendations during pregnancy
will reduce the odds of child overweight and obese status when compared to
inactivity during pregnancy.
H 2.2. We hypothesize that more active child leisure-time behavior will be have
reduce the odds of child overweight and obese status when compared to sedentary
leisure-time behavior.
H 2.3. We hypothesize that inactivity during pregnancy combined with sedentary
child activity (-/-) will be associated with the highest odds of child overweight
and obese status when compared to the +/+ condition.
Specific Aim 3: To determine the reliability of recalling LTPA during pregnancy at
approximately two years postpartum among a diverse sample of women and examine
whether participant characteristics are associated with recall ability.
H 3.1. We hypothesize that moderate to strong correlations (i.e., r-values >0.4)
will exist between originally reported and recalled moderate, vigorous and total
LTPA.
H 3.2. We hypothesize that strong kappa values (i.e., >0.8) will indicate good
categorical agreement such that women will fall into similar categories of “none
vs. any” LTPA and “meeting vs. not meeting” LTPA recommendations when
using original and recalled reports of LTPA.
H 3.3. Examining the influences of participant characteristics on recall ability is a

descriptive aim, thus we have no hypothesis for the direction of effect. We will
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create strata of women based on descriptive characteristics and compare

correlation coefficients for original and recalled moderate, vigorous and total

LTPA across strata to assess this portion of Aim Three.

ORGANIZATION OF THE DISSERTATION

This dissertation is divided into two parts, the first focusing on offspring size at
birth and the second on child body size and reliability of LTPA recall. Both parts consist
of a review of relevant literature followed by a paper(s) that evaluate the Specific Aims.
Each paper is in manuscript form (abstract, introduction, methods, results, discussion, and
references). The final chapter provides an overall summary of all results and discusses the
direction of future research.

Chapters Two and Three evaluate the effects of maternal LTPA on offspring birth
size, measured as birth weight z-scores and categorical appropriateness of size for
gestational age. Chapter Two is a literature review that introduces common terminology
applied to birth size, reviews the epidemiology of large infants, and explores factors
known to be related to birth size. It focuses primarily on the influences of maternal size
and maternal LTPA on offspring birth size, while highlighting gaps in our current
knowledge related to these topics. Chapter Three evaluates the effects of LTPA during
pregnancy on the distribution of size at birth using linear, polytomous logistic, and
quantile regression analyses (Specific Aim One).

Chapters Four and Five consider the relationships among maternal LTPA during
pregnancy, child LTPA, and child body size. Chapter Four is a literature review that
introduces the epidemiology of overweight status during toddlerhood and the stability of

the relationship between size at birth and toddlerhood. It also discusses the available
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literature linking maternal LTPA during pregnancy to offspring size in childhood.
Chapter Five evaluates whether maternal LTPA during pregnancy combined with child
LTPA level (measured as sedentary vs. non-sedentary activity choice) protects children
from being classified as overweight or obese while controlling for possible confounding
factors (Specific Aim Two). The reliability of recalled LTPA during pregnancy at two
years postpartum is addressed in Chapter Six (Specific Aim Three).

Finally, Chapter Seven provides an overall summary of results and offers
suggestions for future research. The research questions addressed by this dissertation
represent important steps in evaluating the role of maternal LTPA participation during
pregnancy on offspring growth and development. Results of this study will inform future
research on LTPA interventions among pregnant women and will aid childhood obesity

prevention efforts.
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CHAPTER TWO
REVIEW OF LITERATURE PART ONE: BIRTH SIZE
INTRODUCTION

While several factors are known to be associated with birth size, causal
mechanisms for giving birth to an infant either too small or too large have yet to be fully
established. The etiology and health risks of being born small have received considerable
attention; however, few researchers have focused on excess fetal growth. Fetal
overgrowth leading to large birth size is associated with increased risk of adverse birth
outcomes and future childhood overweight status.' Thus, gaining more insight on
potentially modifiable determinants of birth size could improve both short- and long-term
health outcomes.

Both pre-pregnancy body size and gestational weight gain are positively related to
infant birth size, with the largest infants born to overweight/obese women who gain
excess weight during pregnancy.> ® Recent evidence suggests that LTPA during
pregnancy may help control excess size at birth”® and decrease the risk of overfatness
during childhood.’ However, these results were based on small, non-representative
samples of women. . Further investigation of the relationships among maternal size and
weight gain, LTPA during pregnancy, birth size, and child body size has the potential to
elucidate a practical intervention to promote healthy pregnancies, birth outcomes, and
child weight status.

TERMINOLOGY
Before examining factors associated with birth size, some terminology must be

established. Unadjusted birth weight is used to describe birth size in the crudest form.
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While a standard definition exists for low birth weight (birth weight < 2.5 kg), multiple
definitions exist for high birth weight or macrosomia (birth weight > 4.0, 4.2, or 4.5
kg).'®'* Since birth weight is irrevocably tied to the length of gestation, adjusting birth
weight for gestational age provides a more precise description of the appropriateness of
birth size. Birth weight is often compared to a population standard for the gestational age
of the infant and categories are used to define infants born SGA (birth weight < the 10"
percentile), AGA (birth weight between the 10™ -< 90" percentile), and LGA (birth
weight > the 90™ or 95 percentile).'* '® Once again, differing cut-points have been used
to designate LGA infants. Within U.S. populations, the most commonly accepted cut-
point for LGA is the 90" percentile; however, some authors have argued for more
stringent definitions (>2 standard deviations above mean birth weight), especially among
diabetic pregnancies.'> '® Previous literature mainly used absolute terms to express birth
size (e.g. low birth weight or macrosomia), while more recent literature has preferred
using relative measures (e.g. SGA or LGA) to describe size at birth.

Using either absolute or relative cut-points to designate in/appropriate birth size is
useful for calculating and interpreting health risks; however these methods assume that
health risks change dramatically at a given threshold value of birth weight. In reality,
there is little evidence that such a threshold exists for excess fetal growth. Alternatively,
approaching birth size as a continuum increases power to detect factors that influence
birth size at the extremes, as well as within the normal range. For continuous analyses
this dissertation uses birth weight z-scores (BWz), which are calculated as the observed
minus the expected birth weight, divided by the standard deviation of birth weight from a

population standard. The expected birth weight is derived from gestational age and
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gender specific growth curves, thereby controlling for these potentially confounding
factors."’
EPIDEMIOLOGY OF LARGE INFANTS

The proportion of infants born macrosomic or LGA varies among populations

from 5 to 20% and is highest in Nordic countries.'> '® '° A sizable proportion of U.S.

women give birth to large infants. Specifically, the incidence of LGA births (>90th
percentile) ranges from ~6% among non-Hispanic Blacks, to 11% in non-Hispanic
Whites, 8% in Hispanics, and 12% among Native Americans.*’

Worldwide, there has been a 15-25% increase in the proportion of women giving
birth to macrosomic/LGA infants over the past two decades.'®2'"?* In the U.S., both mean
birth weight and BWz increased in term-born white and black populations from 1985 to
1998.2% The proportion of LGA births also increased from 11.5 to 12% for whites and
from 6.5 to 7% among blacks (Hispanic ethnicity not considered).?® These increases in
birth weight and rates of LGA were only observed among term births. Pre-term and post-
term births demonstrated small reductions in birth weight, BWz, and rates of LGA during
this time-frame in the U.S.%

MATERNAL AND OFFSPRING HEALTH RISKS ASSOCIATED WITH HIGH
BIRTH WEIGHT

Delivering a large infant is associated with several adverse health outcomes for
both the mother and her offspring. Maternal risks associated with delivery include
prolonged/assisted delivery, vaginal, cervical, and/or perineal lacerations, emergency
cesarean delivery, and abnormal hemorrhage.”‘ 16.27-29 y/ital records data indicate that

risks for obstetric complications increase with progressively large infants.*® For example,
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the odds of cesarean delivery increases about 1.5 times (OR=1.6, 95%CI= 1.61-1.63)
when giving birth to an infant of 4.00-4.49 kg compared to a birth weight of 3.00-3.99
kg, while a birth weight of 4.50-4.99 kg is associated with more than twice the risk of
cesarean (OR=2.6, 95%CI= 2.58-2.64) and a birth weight > 5.00 kg has more than four
times the risk (OR=4.7, 95%CI=4.54-4.83).*° Long-term maternal health outcomes
associated with giving birth to a macrosomic/LGA infant include anal dysfunction and
general perineal defects.'>*' However, the permanence and/or clinical significance of
childbirth-related pelvic floor trauma among the US population remain unclear. >

Macrosomic/LGA infants face an increased risk of birth trauma during delivery.*
13.21.30.33 y/jta] data from 1995-1997 indicate that infants born at 4.00-4.50 kg have twice
the risk of birth injuries as infants born 3.00-3.99 kg (OR=2.0, 95%CI=1.92-2.05), while
those weighing 4.50-4.99 kg have more than three-times the risk (OR=3.1, 95%CI=2.96-
3.32) and birth weight > 5.00 kg is associated with 4.5-fold increased risk of trauma
(95%C1=3.95-5.19).%° The most common birth injuries include shoulder dystocia and
resulting plexus injuries.* ** Shoulder dystocia is estimated to complicate ~2% of all
vaginal deliveries; however, when birth weight exceeds 4.5 kg this risk increases to 9-
24% among non-diabetic women and 20-50% among diabetic pregnancies.®® The risk of
brachial plexus injury is approximately 18- to 21-fold higher among macrosomic infants
compared to normal birth weight infants as well.*

Aside from injuries sustained at birth, macrosomic/LGA infants have an increased
risk of congential anomalies, hypoglycemia, hyaline membrane disease, and meconium
aspiration '>*** Additionally, national data indicate that optimum birth weight occurs

between 3.0-4.0 kg, above which mortality rates begin to increase.’” Analyses of U.S.

11



0

de
pa
We
ne
Ca

and

May
facyg

L ap



infant death files support that infants with a birth weight > 5.00 kg have a 2.7 increased
odds of neonatal death (95%CI=1.91-3.80) compared to normal weight infants.*

Most injuries sustained during birth resolve as the infant matures; however, there
is evidence that macrosomic/LGA infants have increased body fatness at birth when
compared to normal weight infants.’ ** * This increased fatness appears to persist into
childhood, placing macrosomic/LGA infants at greater risk for obesity and metabolic
disease later in life.' ***? Other long-term outcomes associated with macrosomia/LGA
have included high blood pressure/hypertension in adolescence and adulthood, as well as
childhood cancer.**** Thus, accumulating evidence suggests that size at birth, and in

particular, body composition at birth, represent important determinants of later health
outcomes. ¢’
FACTORS RELATED TO INFANT SIZE AT BIRTH

While several factors contribute towards explaining birth size, the true
determinants are poorly understood. Non-modifiable factors related to birth size include
parity, fetal sex, maternal age, maternal height, maternal race, and genetics.'®> Mean birth
weight increases with successive births and it appears that parity is also associated with
increased neonatal fat mass.> *® In addition, male sex, maternal age, maternal height, and
Caucasian race or Hispanic ethnicity are all associated with increased mean birth weight
and/or LGA.'® %3

Aside from the factors discussed in the previous paragraph, genetic influences

may account for 30-80% of the variation in birth size.’®** In attempts to isolate genetic

factors, researchers have shown that fetal insulin, insulin-like growth factor (1GF)-1, IGF-

11, and associated receptors are critical for normal fetal growth.’®%* %% Elevated levels of
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fetal insulin and IGF-I have been associated with increased risk for macrosomia.* It is
likely that complex interactions between parental, placental, and fetal genes exert
influences on fetal growth.'* %%

Several modifiable factors have also been associated with size at birth, including
pregnancy complications, maternal anthropometrics, and lifestyle-related behaviors.
Diabetes during pregnancy (pre-gestational or gestational) increases risk of
macrosomia/LGA and is also associated with increased neonatal fat mass.*® *® Even when
examined on a continuous scale, increased maternal serum glucose levels are associated
with increased birth weight.’’ Overweight pre-pregnancy body mass index (BMI) and
excessive weight gain are both related to increased birth weight and risk of LGA.> % '!-3!
In fact, population-based data indicate that once the increasing prevalence of maternal
overweight and decreasing prevalence of maternal smoking are accounted for, temporal
trends for increased incidence of LGA are no longer apparent, underscoring the
importance of these two factors in the development of birth size.?> **

Aside from smoking during pregnancy, other lifestyle factors such as maternal
nutrition and LTPA appear to influence birth size. Investigations on the Dutch famine of
1944-1945 have shown that undernutrition during pregnancy does not affect birth weight
unless total caloric intake drops below 1500 kilocalories in the third trimester.”® > A
recent study of 553 women in a developed country showed that total energy intake and/or
percent macronutrient intake were not significantly related to risk of extreme birth
weight.'' However, the influence of maternal nutrition on birth weight variation within

the normal range and subsequent adult health remains a subject of intense scientific

debate.*® Relationships between LTPA during pregnancy and birth size are complex and
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will be discussed in detail below. Overall, it appears that LTPA during pregnancy reduces
fetal growth modestly, without increasing the risk of low birth weight.”® Other factors
such as socioeconomic status/income and marital status have been hypothesized to affect
birth size, but the evidence thus far is equivocal.> *-¢'- ¢

Despite a long list of variables associated with birth size, no single factor can
accurately predict birth weight. The strongest modifiable risk factors for
macrosomia/LGA across populations include pre-pregnant maternal overweight status,
high pregnancy weight gain, and the presence of diabetes during pregnancy.” ** % While
women with decreased glucose tolerance deliver larger infants,”” ©® diabetic
pregnancies account for only a small percentage of LGA births due to the comparatively
low incidence of gestational diabetes (~6%) and/or the prevalence of pre-pregnancy
diabetes (~0.5%).%> *° In contrast, since ~52-60% of females of childbearing age are
overweight,”® maternal size accounts for substantially more LGA births.** Thus the
influences of maternal size on birth size are presented in more detail below.
MATERNAL SIZE AND INFANT SIZE AT BIRTH
Epidemiology of Maternal Overweight Status and Gestational Weight Gain

Despite known health risks associated with overweight, the prevalence of
overweight/obesity among U.S. adults has continued to increase in recent years.’' Data
from the Pregnancy Risk Assessment Monitoring System (PRAMS) from 26 states and
New York City indicate that 23% of women are classified as overweight pre-pregnancy
and 19% are obese according to BMI values calculated from self-reported data.” State-

specific prevalences range from 20-25% overweight and 14-24% obese.”
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In 1990, the Institute of Medicine published guidelines for gestational weight gain
according to pre-pregnancy BMI in an effort to optimize birth weight between 3.0-3.9 kg
(Table 2.1).”® Research supports that gaining weight within the recommended ranges is
associated with lower risk of delivering a SGA or LGA infant.”* Observational data also
indicate that achieving a healthy weight gain within recommended amounts isassociated
with decreased risk of preterm delivery, pregnancy complications such as pre-eclampsia,
and adverse neonatal outcomes such as hypoglycemia and meconium aspiration.”* Recent
research indicates that pregnancy outcomes for obese women may be optimized with less
than recommended or even no weight gain. Results from a population-based cohort study
in Missouri found that risk for pre-eclampsia, cesarean delivery, SGA, and LGA were
lowest when class I obese women (BMI 30-<35 kg/m?) gained 10-25 Ib, class II obese
women (BMI 35-<40 kg/m?) gained 0-10 Ibs, and class III obese women (BMI 40+

kg/m?) lost 2-10 bs during pregnancy.”

Table 2.1: 1990 IOM Recommended Gestational Weight Gain
Ranges According to Pre-Pregnancy Weight Status 3
Pre-pregnancy BMI (kg/mz) Weight Gain (Ibs)
Low (<19.8) 28-40
Normal (19.8-26.0) 25-35
Overweight (>26.0-29.0) 15-25
Obese (>29.0) >15

Unfortunately, U.S. data indicate that only ~30% of pregnant women gain weight
within recommended ranges, while ~46% gain excess amounts and ~23% have less than
recommended weight gain during pregnancy.’® The prevalence of recommended weight
gain is remarkably similar across populations, with studies involving Hispanic and/or

multi-ethnic samples reporting similar rates.”®”® Pre-pregnancy BMI influences
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gestational weight gain with overweight women being two times more likely to gain
excess weight as compared to normal weight women.’*
Relationships Among Maternal Anthropometric Variables and Infant Birth Size

Maternal height, weight, BMI prior to pregnancy, and gestational weight gain are
each positively related to birth size, even with adjustment for sociodemographic factors
and metabolic conditions.™ ****"* Two smaller studies have also indicated that
maternal overweight/obesity is associated with significantly greater neonatal fat mass and
percent fat, even when overall birth weight is unaffected.” * Timing of gestational
weight gain may also be important. Weight gain experienced from the first to second
trimester is significantly related to infant length at birth, while weight gain from the
second to third trimester is related to birth weight.®'*

Because pre-pregnancy weight status and gestational weight gain are strongly
correlated, it is difficult to determine their independent influences on birth weight. While
pre-pregnancy weight status and gestational weight gain appear to have both independent
and combined influences on fetal growth,® research supports that the overweight/ obese
women who gain the most weight deliver the largest infants.> *** ** Maternal size and
pregnancy weight gain may affect fetal growth by enhancing placental size and
influencing placental capacity to supply nutrients to the fetus.** ** Additionally, changes
in lipid metabolism that accompany overweight status may also affect birth size. Clausen
et al. found that high levels of leptin, a hormone involved in lipid metabolism, in
maternal serum during the second trimester were associated with a birth weight greater
than 4.5 kg; however, leptin concentrations were no longer significantly related after

adjustment for maternal BMI.%¢

16



feal
VAR
Namyy
Faer
Infant |
whie
Were g
LTPy
results
Mlera

MAT

first {
Were
10 lin

Hd\'Er



The exact pathways through which maternal size and/or weight gain influences
fetal growth are not yet understood; however, they are likely to be multi-factorial and
involve interactions with genetic and environmental factors. Unfortunately, studies
examining the contribution of maternal size and pregnancy weight gain on birth weight
have rarely accounted for the influence of LTPA, which may affect both maternal and
infant body size/composition. One recent study of 553 Scandinavian women found that
while maternal BMI, weight gain, plasma glucose, gestational age and maternal LTPA
were each independently related to risk of macrosomia, only low-level pre-pregnancy
LTPA remained a significant predictor of macrosomia in adjusted analysis.'' These
results indicate that maternal LTPA is a modifiable determinant of birth weight and may
interact with maternal anthropometric influences.

MATERNAL PHYSICAL ACTIVITY DURING PREGNANCY

The American College of Obstetricians and Gynecology (ACOG) published the
first U.S. guidelines for exercise during pregnancy in 1985.%” These original guidelines
were cautious and advised women to keep their heart rate below 140 beats per minute and
to limit “strenuous activity” to 15 minutes in duration.’ Specific concerns about potential
adverse effects of maternal exercise included abortion, growth restriction, premature
labor, fetal hypoxia, acidosis, hyperthermia, and brain damage.88 Since that time,
literature has shown that LTPA generally does not increase risk of adverse pregnancy
outcomes, and may be associated with a wide range of maternal and fetal health
benefits.***° Thus, the most current ACOG guidelines (2002) recommend that all
pregnant women participate in at least 30 minutes of moderate LTPA on most days of the

week.”! These guidelines also state that recreational and competitive athletes may

17



ERRHS
Tl
it
which A
NGHEN

I assg
US.G
o,
womer,
N
ENGy
provig

Eide

Moy
womg
fO”O\l
Sam
Wom

Spart;



maintain their activities during pregnancy with medical supervision. Thus, vigorous
intensity activity is not constrained and the pregnant woman is left to the discretion of her
health care provider and herself to modify activity as needed. In fact, the only activities
which ACOG recommends against are recreational sports with a high potential for
contact or falls, scuba diving, and prolonged activity in the supine position, all of which
are associated with risk for fetal trauma or impaired venous return.”’ Most recently the
U.S. Government has released evidence-based LTPA guidelines for all Americans.” In
accordance with the 2002 ACOG guidelines, these governmental guidelines state that
women who are not already active should get at least 150 minutes of moderate aerobic
activity per week during pregnancy, and women who habitually engage in vigorous
activity may continue to do so provided they discuss their activities with their health care
provider.
Epidemiology of Physical Activity during Pregnancy

About two-thirds of pregnant women in the U.S. choose to engage in some
amount of LTPA, but only 16% participate at reccommended levels.”> Among active
women, the most commonly reported LTPA during pregnancy is walking (~43-53%),
followed by swimming ( ~12%) and aerobics (~10-12%).7%* Few investigators have
examined participation in vigorous LTPA. Using population-based data, ~6% of pregnant
women report running in the past month while ~1% report playing team or racquet
sports.”® A study of almost 1700 women found that 14% reported vigorous activities in
the first trimester, while only 8% participated in vigorous activity in the second

trimester.”
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Most population-based reports of LTPA participation during pregnancy do not
account for gestational length; however, it is known that participation in exercise/LTPA
decreases with increasing gestation.”®*° A study conducted in the Boston, Massachusetts
area (n=1442) using 7-day recall measurements of LTPA, showed that mean levels of
LTPA decreased from 9.6 to 6.9 hours/wk during pregnancy.'® Additionally, the
prevalence of not meeting ACOG guidelines increased from 13% pre-pregnancy to 22%
during the second trimester.'® Another study of 250 women that measured several
domains of physical activity found that median total energy expenditure remained fairly
stable throughout pregnancy (~33 MET-hr/day), but that moderate activity energy
expenditure was lower in the third trimester (0.8 MET-hr/day) compared to the first (2.3
MET-hr/day) while household/care giving energy expenditure was higher (6.8 vs. 12.5
MET-hr/day for the first vs. the third trimester, respectively).”® Thus it is possible that
pregnant women replace more strenuous physical activities with lighter activities as the
pregnancy progresses.

Several maternal characteristics are associated with LTPA participation during
pregnancy. Non-Hispanic white race/ethnicity, nulliparity, >high school education, older
maternal age (>25 years), not smoking, and engaging in structured exercise pre-
pregnancy are all associated with increased odds of participating in LTPA during
pregnancy.’®*® '°! Factors associated with decreasing LTPA participation during
pregnancy include parity, young maternal age, overweight pre-pregnancy BMI, low self-
efficacy for LTPA, and high frequency of pre-pregnancy LTPA.”” %12 Reported
barriers to LTPA during pregnancy include fatigue, lack of time, nausea, physical

discomfort, and lack of child care.'”"'% Studies also indicate that some women fear that
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exercise might hurt their baby and perceive vigorous/ high-impact activities as unsafe.'®

107-199 Wwhile women appear to recognize the health benefits of participating in LTPA,

most rate rest and relaxation as more important than exercise during pregnancy.'®

Health Benefits of Physical Activity during Pregnancy

Several maternal and fetal health benefits associated with LTPA during pregnancy
have been documented. Reviews of literature published over the past two decades suggest
that participation in LTPA before and/or during pregnancy is associated with decreased
risk for gestational diabetes, pre-eclampsia, and preterm delivery.®** '3 Some debate
exists surrounding the timing of LTPA needed for beneficial effects. For gestational
diabetes, the strongest protective effect occurs with LTPA participation both before and
during pregnancy.'® Additionally, LTPA during pregnancy has been found to be a safe
and efficacious treatment for controlling blood sugar within normal limits among women
who are already diabetic or become so during pregnancy.®® ''"*'"* Similarly, participation
in LTPA both before and during pregnancy yields the strongest protective effect against
pre-eclampsia.'"® Although data are limited, it appears that participation in vigorous
LTPA during pregnancy is also related to decreased risk for pre-term birth; however
these results are based only on observational data.”* ''®

While observational studies show clear benefits associated with maternal exercise,
results from randomized trials are less conclusive. Cochrane reviews have found
insufficient evidence for a protective effect of maternal exercise on the risk of either pre-

eclampsia or gestational diabetes.''”''® It is important to note that very few studies have

attempted to randomize exercise programs during pregnancy and that these have included
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small samples (n=16 to 38 women per study). Thus, larger intervention studies with more
power to detect results are needed before conclusions are made.

Proposed mechanisms for the effect of maternal exercise on the prevention of
maternal disease include enhanced placental growth and vascularity, reduced oxidative
stress, reduced inflammation, improved endothelial function, and improved blood
lipids.®®® It is also likely that differences in underlying maternal fitness, pre-pregnancy
weight status, and gestational weight gain may partially account for lower rates of
gestational diabetes and pre-eclampsia among women who are active during pregnancy
versus those who are not. More research is needed to clarify etiological pathways for the
health benefits of LTPA during pregnancy.

MATERNAL PHYSICAL ACTIVITY AND INFANT SIZE AT BIRTH

Evidence for the effects of LTPA during pregnancy on birth size is conflicting.

While some studies show that LTPA during pregnancy decreases birth weight,'' '°

121 122-124

others report increases in birth weight, ©* some find no effect, and still others report
a “U-shaped” association such that both high and low levels of LTPA decrease birth
weight.'” These apparently conflicting results are likely due to methodological
differences in assessing LTPA, a lack of control for appropriate confounders, and
variability in the choice of insufficiently active vs. completely sedentary control
groups.''> 126127 However, inconsistent results might also reflect real differences between
populations of pregnant women. While controlling for several maternal demographic
characteristics, past studies have failed to account for LTPA participation prior to

122,125, 128

pregnancy,'*""'*? have measured LTPA in only one or two trimesters, or have

been based on small and/or non-diverse samples.'2%'?% 2125 Degpite these obstacles, the
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majority of evidence suggests that LTPA during pregnancy decreases birth weight
modestly within the normal range.* '*¢

To date, few studies have specifically considered the effect of LTPA during
pregnancy on macrosomia/LGA. One study among 291 Coloradan women found that
participation in > 2 hrs/wk of at least moderate LTPA in the second or third trimesters
reduced risk of LGA (OR=0.3, 95%CI=0.2-0.7) with no effect SGA (OR=0.8,
95%CI=0.3-2.3).® A study on modifiable determinants of macrosomia (defined as >4.2 kg
in this study) among 553 Norwegian women found that LTPA during pregnancy was
unrelated to birth weight, but that low LTPA pre-pregnancy (<1 hr/wk) increased risk of
macrosomia (aOR=2.9, 95%Cl: 1.2-7.3)."" An imprecise definition of LTPA participation
which lacked information on intensity may have contributed to an inability to find more
significant results for LTPA during pregnancy in this study.

A recent prospective cohort study among Danish women found no association
between participation in sports/LTPA during the second or third trimesters of pregnancy
and macrosomia (defined as >4.5 kg).'** It appears that only ~3% of women in the
Danish study gave birth to macrosomic infants, as compared to the higher prevalence of
LGA/macrosomia reported in the Coloradan study (12%) and in the Norwegian study
(15%).% ' 1?° Furthermore, the Danish study classified LTPA by categories of
hours/week spent in sport or by categories of sport type (i.e. weight bearing vs. non-
weight bearing). Thus, discrepancies in results may be due to underlying differences in
the birth weight distributions and/or to methodological differences in defining LTPA

during pregnancy.
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In sum, preliminary evidence from the few studies to examine LTPA during
pregnancy in relation to extreme high birth weight suggest either a null relationship or a
protective effect that helps to modulate birth size within the normal range. Providing
some additional support, Perkins et al.” found that total physical activity averaged over
the second and third trimesters was strongly inversely correlated with fetal growth ratio, a
measure of birth size adjusted for potential confounders (r = -0.42, p<0.01), particularly
among taller women. While only 51 women were involved in the Perkins et al. study,
total physical activity during pregnancy was objectively measured using accelerometry,
thereby freeing their results from responder and/or recall bias.” These results await
confirmation from a larger, more diverse study with greater ability to adjust for
confounding variables.

Compared to LTPA, job-related physical activity during pregnancy appears to
have lesser effects on birth size.*® More time spent working and in shift work contribute
towards small decreases in birth weight and borderline significant increased risk of giving
birth to a SGA infant."**"'?? Job-related physical activity may result in different
physiological responses than those that occur with rhythmic aerobic LTPA such as
walking for exercise. Thus, it is not surprising that shift work and long periods of
standing at work have been associated with detrimental pregnancy outcomes, while the
majority of evidence for LTPA during pregnancy points towards beneficial effects.®® %
133 1t is beyond the scope of this dissertation to fully review the literature regarding job-
related physical activity and pregnancy outcomes; however, the amount of time spent

working and basic job characteristics are important to assess as covariates when

examining affects of pregnancy LTPA on birth size.
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Mechanism of Affect of Physical Activity on Birth Size

To enable fetal growth, the mother must supply precursors for placental hormone
products as well as nutrients/substrates.'** In a normal pregnancy, increased availability
of metabolic substrate occurs mainly in the second and third trimesters, when fetal
growth accelerates. As pregnancy advances, maternal insulin resistance and lipolysis are
promoted while blood glucose levels are increased to ensure feto-placental growth.'* In
addition, women experience a blood volume expansion early in pregnancy to increase
cardiac output and perfuse the placenta.'*® The placenta in turn transports nutrients to the
growing fetus through simple or facilitated diffusion, the promotion of transplacental
concentration gradients, and the production of alternate substrates delivered via the
umbilical circulation.'** Both pregnancy in and of itself, as well as maternal exercise,
require increased blood flow, substrate delivery, and waste disposal. The response of a
pregnant woman to exercise must therefore balance both maternal and fetal needs.

Physical activity during pregnancy is thought to affect fetal growth by reducing
placental blood flow and nutrient delivery to the fetus during exercise as blood is diverted
towards the working muscle."*® Nonetheless, regular participation in LTPA throughout
pregnancy results in an overall increase in blood volume thereby enhancing nutrient

delivery to the fetus ar rest."** %

A woman with a history of regular LTPA may also start
her pregnancy with above average blood volume, promoting fetal nutrient delivery. Thus,
knowledge of pre-pregnancy LTPA habits is critical for interpreting the effects of LTPA
during pregnancy on the developing fetus. To complicate matters further, the effect of

LTPA on fetal growth may be trimester-specific. Maintaining an exercise program late in

pregnancy appears to reduce fetal growth, while reducing exercise volume in late
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gestation enhances fetal growth, especially fat mass.'?’ A review article on the effects of
exercise on feto-placental growth concluded that influences are time-specific and
dependent on the frequency, duration, and intensity of exercise; however, it appears that
regular moderate to vigorous exercise throughout pregnancy is associated with having a
lighter, leaner infant.'*® The maintenance of exercise during pregnancy also improves
insulin sensitivity at rest, thereby presenting the placenta with normal, rather than
elevated, blood glucose levels.*®

In conclusion, LTPA before and during pregnancy may decrease birth size
moderately and reduce the risk of having a large infant without increasing the risk of
delivering a small infant; however, these results await confirmation from large<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>