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ABSTRACT

Obesity and incidence of chronic disease continue to rise in the United States. The
current medical paradigm focuses on treatment of chronic disease. A shift from the
management of disease to prevention of obesity and its associated co-morbidities including
diabetes mellitus and cardiovascular disease is necessary to protect the health of future
generations. Pregnancy is a “teachable moment” offering a time when many women are
motivated to make healthier lifestyle choices to optimize the health of their unborn child.
This critical stage of the life cycle offers a unique opportunity to influence the health of
future generations by modifying the lifestyle of the expectant mother.

An abundance of evidence exists to associate excessive gestational weight gain
(GWG) with adverse maternal and infant outcomes. Prenatal physical activity (PA) has been
recommended to curtail the increasing rates of excessive weight gain during pregnancy yet
few pregnant women meet current PA guidelines. Furthermore, the ability to accurately
assess PA during pregnancy is convoluted by many factors, most notably the uncomfortable
waist-worn placement of many commonly used activity monitors. Therefore, to make
considerable strides in improving the health of future generations, it is imperative that
strategies are developed to increase and accurately evaluate prenatal PA and explore its
potential relationship with improved maternal and infant outcomes.

In order to provide possible answers to these issues, the Blossom Project at lowa
State University conducted two studies. The first study evaluated the validity of the
SenseWear® Mini armband (SWA) to estimate energy expenditure (EE) in pregnant women.
Multiple activities of daily living ranging in intensity from sedentary to moderate walking on
a treadmill were performed while EE was measured by the SWA and indirect calorimetry.
The results of the study showed significant overestimation by the SWA compared to indirect
calorimetry (0.57 +0.06 kcal-min™) but average individual correlation coefficients revealed
good overall agreement between methods (mean r = 0.93). Due to the convenient location
worn on the upper-arm, the SWA is a plausible method to estimate EE and PA during
pregnancy. Future studies should develop pregnancy-specific algorithms to further improve
estimation of EE in this population.
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The second study was a pilot randomized-controlled trial entitled “The Blossom
Project Online”. The study had two aims: 1) To evaluate the efficacy of a behaviorally-based
website (based on Social Cognitive Theory; SCT) to increase intentional PA in sedentary
pregnant women; and 2) To explore the impact of the PA intervention in pregnancy on
maternal and infant outcomes. Fifty-one participants were enrolled while 50 were
randomized to either usual care (UC) or a behaviorally-based intervention (Bl-group) and
received access to the study website with a username and password. Forty-five women
completed the study (n=21 UC; n=24 BIl-group). Participants receiving usual care could only
view general diet and PA recommendations during pregnancy while intervention participants
had access to all of the website features including the diet and PA recommendations, exercise
goal-setting modules, problem-solving modules, a journal, a calendar to track all of their
exercise through delivery, and a community forum to interact with other participants in the
intervention group. Intervention participants were encouraged to work up to at least 150
minutes of moderate-vigorous PA (MVPA) per week (in at least 10-minute bouts) by week
19 of pregnancy and sustain at least this amount until delivery. All women were categorized
into tertiles of website engagement to evaluate the efficacy of the website to increase PA.
Additional outcomes of interest included adherence to PA guidelines, weekly MVPA, GWG,
maternal weight-retention at 1-month postpartum and infant body composition at 1-month
postpartum.

Results of the behaviorally-based randomized controlled trial indicated a significant
increase from baseline of 95 (67-130) minutes per week in weekly intentional PA according
to the website among the Bl-group (P < 0.0001). Weekly PA reported by the Bl-group on the
website was 124 + 44 minutes. On average 31.8% of women met the goal each week of >
150 minutes of PA. Objective MVPA assessment by the SWA confirmed significantly more
MVPA sustained in 20- and 30-minute bouts among BI-group compared to UC at weeks 24-
26 of pregnancy (P = 0.005 and P = 0.0008, respectively), and this MVVPA in Bl-group was
significantly greater than baseline assessment (20-min: 61.3 £ 21.9 min; 30-min: 39.6 + 14.8
min, both P <0.05). Those participants engaging in a greater amount of website activity
completed more sustained MVPA than their not-engaged counterparts (118 + 102 vs 57 £+ 63
minutes per week, P < 0.05).
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However, the significant increase in MVVPA among the Bl-group did not prevent
excessive GWG. Excessive total GWG occurred in 62.2% of all participants, and in 42.1%,
82.4%, and 66.7% of normal weight, overweight, and obese women, respectively, with no
differences in GWG, adherence to GWG recommendations, or weight retention between
groups. Interestingly, energy intake significantly increased in the Bl-group between baseline
and weeks 24-26 of pregnancy (336 = 127 kcals, P = 0.04) and was significantly greater than
energy intake by UC (2503 £ 703 vs 1894 + 594, P = 0.005). No differences were seen
between groups in infant birth outcomes or weight, length, and body composition at 1-month
of age. However, while group randomization assignment was not a significant predictor of
infant body composition at 1-month of age, when combined with MVPA sustained for at
least 30-minutes and diet quality at 24-26 weeks of pregnancy, 22% of the total variation in
infant body composition was explained.

In conclusion, the SWA correlates well with indirect calorimetry to provide estimates
of EE and PA during pregnancy. Further refinement of the algorithms may improve the
validity of the monitor while currently available algorithms allow for PA to be assessed
objectively during pregnancy with minimal user burden. Additionally, an interactive website
based on SCT was successful in preventing the typical decline in PA during pregnancy and
simultaneously increased PA in previously sedentary women. The intervention also
inadvertently increased energy intake among the Bl-group. Thus, given the energy intake of
the BI-group, the amount of MVVPA performed was not sufficient to prevent excess GWG or
improve maternal weight retention. Given the benefits associated with prenatal PA,
previously sedentary women without contraindications to exercise should be encouraged to

increase prenatal PA and may need additional dietary counseling to prevent excessive GWG.



CHAPTER 1: GENERAL INTRODUCTION

Introduction

Current and traditional medical management is focused on the treatment of chronic
disease, including but not limited to obesity, diabetes mellitus, and cardiovascular disease
(1). As of June 2013, obesity was formally recognized as a disease by the American Medical
Association, endorsing the seriousness of this condition as global obesity statistics continue
to rise (2). Obesity is the second largest modifiable cause of preventable death in the United
States (3) and thus it is necessary for the current medical paradigm to shift towards a central
focus of prevention to avert this problem from continuing to perpetuate chronic disease rates
among future generations.

Pregnancy offers a unique opportunity to influence the health of future generations by
modifying the lifestyle of one individual — the expectant mother. The Developmental Origins
of Health and Disease (DOHaD) Theory, also originally known as the Barker Hypothesis,
provides evidence to suggest the environment an individual is exposed to in utero causes
permanent physiological and metabolic changes (4). One possible method to optimize future
and maternal health is to promote adherence to the Institute of Medicine’s gestational weight
gain (GWG) recommendations (5). Excessive GWG has been linked to cesarean delivery (6),
large-for-gestational age infants (LGA; (LGA; weight above the 90" percentile for
gestational age) (7), macrosomia (birth weight greater than 4000 grams) (8), childhood
obesity (9), and postpartum weight retention (10). If the woman is unable to successfully
return to her pre-pregnancy weight prior to the next pregnancy, she will begin that pregnancy
with a larger body mass index (BMI) increasing the likelihood for gestational diabetes (11),
hypertensive disorders including pre-eclampsia (11,12), LGA infants (13), increased risk of
cesarean section (11), and childhood obesity (14), perpetuating the cycle once more.

A series of studies at lowa State University, collectively entitled The Blossom
Project, aims to improve the lives of women and their children one pregnancy at a time. The
initial studies included observational designs to assess typical physical activity (PA), dietary
intake, and gestational weight gain among women in central lowa. Findings of these studies
demonstrated low adherence to prenatal physical activity recommendations (25% of
participants) (15) and excessive GWG among 48% of participants (unpublished data), both



statistics that match national trends (16,17,18). Furthermore, the complications of assessing
PA during pregnancy with currently available methodologies (including, but not limited to
self-report questionnaires, pedometers, and waist-worn accelerometers) were revealed and
the need for a valid PA assessment tool for use in pregnancy and not worn on the waist was
established. Chapter three of this dissertation presents a manuscript addressing the problem
of prenatal PA assessment, evaluating the validity of the SenseWear® armband to predict
energy expenditure during pregnancy.

Pilot randomized-controlled trials (RCT) were the next step for The Blossom Project
to further understand how to increase maternal exercise and prevent excessive GWG. The
first of these trials was entitled ‘Moms to Move’ (M2M) and provided intervention
participants with a treadmill to keep in their home during pregnancy to promote adherence to
current PA guidelines and minimize common barriers to prenatal exercise. This intervention
studied sedentary overweight and obese women and the results are reported in detail
elsewhere (19). In summary, while a treadmill in the home effectively increased walking
among intervention participants compared to the control group, no significant differences in
GWG, maternal weight retention, or infant body composition were observed between groups.
Therefore, two research questions remained: 1) How else can maternal exercise be increased
among previously sedentary pregnant women? and 2) Will these methods be more successful
in improving maternal and infant outcomes?

The first of these questions aims to develop more sustainable methods to increase
maternal exercise since providing treadmills in the home is not a practical solution for most
pregnant women. The second question expands upon the findings of M2M to promote
optimal maternal and infant outcomes. Blossom Project investigators looked to social media
and behavioral theory to answer these questions. Utilizing the Internet as a source of
information during pregnancy is common and well-accepted (20-22). A survey of 293
women in the Midwest revealed 94% of the respondents used the Internet to retrieve
pregnancy related information, while nearly half (44%) of the women used it for information
regarding PA (23). Women reported an increased confidence to make decisions regarding
prenatal PA and 26% reported increasing their PA as a result, while only 3.8% had decreased
their PA. Similarly, behavioral theory provides a framework for understanding why

individuals do or do not participate in a particular behavior, what motivates them to do or not



do a behavior, and what barriers challenge the adoption of a new behavior (24). While
behavioral theory has been used extensively to promote behavior change in non-pregnant
adults, its use in pregnancy is limited. A recent review on PA in pregnancy stated “Most
prenatal PA intervention studies have not applied theoretically based strategies to promote
PA behavior, thus limiting mechanistic insight to intervention success” (25). In support of
these collective findings, The Blossom Project research team and several collaborating
investigators developed a behaviorally-based website to increase maternal exercise and
thereby prevent excessive GWG, reduce maternal weight retention, and improve infant body
composition. The resulting RCT was entitled “The Blossom Project Online” and the findings
of this study construct the fourth (efficacy of the website to increase intentional PA in
sedentary pregnant women) and fifth chapters (impact of the RCT on GWG, and maternal
weight retention), and an addendum (impact of the RCT on infant birth outcomes and body
composition) of this dissertation. It was hypothesized that previously sedentary pregnant
women would increase adherence to current prenatal PA recommendations when given
access to an interactive behaviorally-based website and a greater proportion of these women
would meet recommendations compared to women that did not receive access to the
interactive website. Additionally, mothers would successfully achieve appropriate pregnancy
weight gain relative to pre-pregnancy BMI when given access to an interactive behaviorally-
based website; and infants born to mothers who received access to an interactive
behaviorally-based website would have more favorable birth outcomes and body composition
at 1-month of age compared to the babies born to mothers that did not receive access to the
interactive website.
Dissertation Organization

This dissertation consists of six chapters beginning with a general introduction, a
comprehensive review of the literature, three manuscripts, and a summary with overall
conclusions. The first manuscript is found in Chapter 3 and is entitled “Validity of the
SenseWear® armband to predict energy expenditure in pregnant women”. It was submitted
and accepted for publication to the American College of Sports Medicine’s leading original
research journal, Medicine & Science in Sports & Exercise (MSSE). The fourth chapter,
“Efficacy of a behaviorally-based website to increase physical activity in previously

sedentary pregnant women: a randomized controlled trial” will be submitted to the



International Journal of Behavioral Nutrition and Physical Activity. Chapter five, “Impact of
a behaviorally-based randomized controlled trial on prevention of excessive gestational
weight gain and maternal weight retention”, will be submitted to the journal Medicine &
Science in Sports & Exercise. The data discussing the impact of the intervention on infant
outcomes can be found in an addendum at the end of this dissertation (Chapter six). The
appendices of this dissertation include the recruitment documents and questionnaires used for
the current study at enrollment, throughout pregnancy, and at 1-month postpartum. All study
documents were approved by the Institutional Review Board at lowa State University.
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CHAPTER 2: LITERATURE REVIEW

Obesity

Obesity statistics Pregnancy is commonly viewed as a stage in the life cycle to “eat
for two”, minimize volitional activity and allow the woman to put her feet up and relax. Over
the past decade, considerable evidence has accumulated suggesting this could very well be
contributing to many of the health concerns in society today, including the obesity epidemic
(1). In June 2013, the American Medical Association formerly recognized obesity as a
disease. According to the World Health Organization, over 200 million men and 300 million
women are currently obese worldwide (2) and the prevalence continues to increase (3).
Obesity is the second largest modifiable cause of preventable death in the United States (4)
as it poses substantial risk for multiple other chronic diseases, including but not limited to
Type 2 Diabetes Mellitus (5), cardiovascular disease (including coronary heart disease,
stroke, and heart failure) (6,7), osteoarthritis (7) and cancer (6). Furthermore, the
demographics of pregnant women have drastically changed over the past several years as
more women are overweight or obese prior to becoming pregnant (8). According to the
recent National Health and Nutrition Examination Survey (NHANES), more than one-third
(35.8%) of women in the United States (US) are obese, more than half of pregnant women
are classified as overweight or obese, and 8% of reproductive aged women are extremely
obese (9,10). Maternal obesity is associated with gestational diabetes (11,12), hypertensive
disorders including pre-eclampsia (11-13), large-for-gestational age infants (LGA; weight
above the 90™ percentile for gestational age) (11,14), increased risk of cesarean section (12),
and childhood obesity (10). Similarly, excessive gestational weight gain has been linked to
cesarean delivery (15), LGA infants (16), macrosomia (birth weight greater than 4000 grams)
(8), and childhood obesity (17). If the woman is unable to successfully return to her pre-
pregnancy weight prior to the next pregnancy, she will begin that pregnancy with a larger
body mass index (BMI) and the cycle will perpetuate once more. Statistics demonstrate that
the nation’s next generation will likely struggle with even more health complications than
their predecessors as the obesity rates are climbing among children and adolescents, with
over 30% of the nation’s children ages 2-19 years overweight or obese (6). A recent review

of the evidence for the long-term effects of pregnancy on the risk of obesity in offspring



stated, “Based on the current data, maternal obesity is a critical factor exacerbating
multigenerational obesity” (18).

Prevention of future obesity Treatment options for obesity in non-pregnant adults
include lifestyle intervention, pharmacotherapy, or surgery. However, 50% of all healthcare
patients do not follow long term medication regimens and greater than 80% do not follow
health behavior change advice without additional counseling and follow-up (19,20). Thus, to
ensure the health of future generations, we must look at different ways to approach obesity
and its associated co-morbidities by using preventative medicine rather than curative
treatment.

Why intervene during pregnancy?

Most women are in infrequent contact with their medical provider during the prenatal
period (1,21), thus this period of the life cycle is an opportune time to initiate preventative
medicine, influencing the future health of women and their children. While it is ideal to
achieve a healthy weight before pregnancy, current statistics support the notion that women
are entering pregnancy at a higher BMI rather than losing weight prior to conception (8).
Additionally, overcoming stereotypes during pregnancy such as “eating for two” and relaxing
and avoiding activity may be difficult societal norms to conquer. However, many women are
concerned about the health of their babies and in turn may be motivated to change their
lifestyle to provide the best opportunities for their child (1). Pregnancy has been coined as a
“teachable moment,” (1) thus warranting investigation on promotion of lifestyle changes
during this time. Furthermore, the Developmental Origins of Health and Disease (DOHaD)
Theory suggests risk for chronic disease develops in utero and thus, the key to prevention is
before the child is even born. Prenatal interventions promote preventative care rather than
relying on curative treatment.

Developmental Origins of Health and Disease

The DOHaD Theory, also originally known as the Barker Hypothesis, was first
suggested during the mid-1980’s. Geographical studies in England and Wales by David
Barker and his colleagues led to the hypothesis that under-nutrition in utero causes
permanent physiological and metabolic changes, leading to low birth weight in the infant and
coronary heart disease and stroke as an adult (22). Additionally, data from the Dutch Famine

during the winter of 1944-1945 presented compelling data on the impact the in utero



environment has on long-term health. The estimated dietary intake by each person during the
famine was between 500-1100 kcals per day, causing thousands of women to experience
under-nutrition during their pregnancy. Data on 300,000 adult male offspring of women
exposed to the famine during the first half of pregnancy displayed higher obesity rates than
the offspring of women exposed to the famine in late pregnancy (23). The adult offspring of
women exposed to the famine during the last trimester of pregnancy had significantly lower
rates of obesity, suggesting the timing of maternal exposure influences fetal development.

Since the mid-1980’s multiple studies have reinforced these findings and extended
the research to include other countries and outcomes for female offspring. In addition to
coronary heart disease and stroke, low birth weight has additionally been linked with
hyperlipidemia, hypertension, coronary artery disease, impaired neurodevelopment, insulin
resistance, altered glucose and insulin metabolism, and Type 2 Diabetes Mellitus (24).

The mechanisms to which birth weight is associated with long term disease risk is
poorly understood; however, the most commonly accepted belief is an alteration in the in
utero environment at a critical developmental time period causes irreversible effects on
development. The role of genetics and epigenetics on fetal development has garnered much
attention in the last five years, and is described elsewhere (24,25).

Gestational weight gain

Weight gain recommendations In order to reduce risk for both low- and high-birth
weights and optimize maternal and fetal outcomes, the Institute of Medicine (IOM) has
published guidelines based on observational data regarding the appropriate amount of weight
to gain during pregnancy. The most recent recommendations for women in the United States
were published in 2009 (26) in response to increased obesity and chronic disease rates among
reproductive age women and increased gestational weight gain (GWG) since the last update
in 1990. The prevalence of pre-pregnancy obesity has increased 70% since the first
recommendations in 1990 (27). Appropriate weight gain is classified according to pre-
pregnancy BMI (see Table 1) and presented in a range to support the concept that positive

outcomes are achieved within a range of weight gains rather than one specific ideal number.
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Table 1. 2009 IOM Weight Gain Recommendations

2" & 3" trimester rates of weight gain*
Pre-pregnancy Total weight gain range, Mean (range) Mean (range)
Body Mass Index kg (Ibs) in kg/week in Ibs/week
Underweight 12.5-18 0.51 1
(< 18.5 kg-m?) (28-40) (0.44-0.58) (1-1.3)
Normal weight 11.5-16 0.42 1
(18.5 — 24.9 kg-m?) (25-35) (0.35-0.50) (0.8-1)
Overweight 7-11.5 0.28 0.6
(25.0 — 29.9 kg-m?) (15-25) (0.23-0.33) (0.5-0.7)
Obese 5-9 0.22 0.5
(> 30 kg-m?) (11-20) (0.17-0.27) (0.4-0.6)

Adapted from (26). *Calculations assume a 0.5-2 kg (1.1-4.4 Ibs) weight gain in the first
trimester.

The 2009 guidelines were based on the World Health Organization’s (WHO) BMI
cut-offs and also include a minimum weight gain recommendation for obese women, two
factors that distinguish the 2009 from the 1990 recommendations (26). When the 2009
weight gain recommendations were published, sufficient evidence was not available to make
specific recommendations for higher obesity classes 11 (BMI 35-39.9 kg-m?) and Il (BMI >
40 kg-m?). The weight gain recommendations must balance the risks associated with
inadequate weight gain such as small-for-gestational age infants (SGA; weight less than the
10™ percentile for gestational age), preterm birth, and perinatal mortality, with risks such as
LGA infants, increased rates of cesarean section, gestational diabetes and hypertensive
disorders with excessive weight gain (26).

Excessive GWG statistics The most recent reports from the Centers for Disease
Control (CDC) from the Pregnancy Nutrition Surveillance System (PNSS) indicate 48% of
low-income women gain in excess of the 2009 IOM recommendations. Among overweight
and obese low-income women, these rates are increased to 59% and 56% respectively (28).
Data from lowa is slightly above the national average with 50% of low-income women
gaining in excess, while 3% enter pregnancy underweight and 31% enter pregnancy
overweight (28). Interestingly, epidemiological data from the PIN (Pregnancy, Infection, and
Nutrition) 3 study demonstrated even greater excessive GWG; 59% of participants gained in
excess of the 2009 I0M recommendations. Excessive GWG occurred in 50% of underweight
women, 51.8% of normal weight, 84.1% of overweight, and 67.2% of obese women.

Furthermore, 14% of women gained > 200% of the recommendations (29). The majority of
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participants in this study were white, 25-34 years of age at conception, married, college
educated, non-smokers, and from high-income households. Other data support that predictors
of excessive GWG include nulliparity (no previous births), being overweight prior to
pregnancy (overweight women are the most likely to gain in excess followed by obese
women), low-income, young maternal age (25-30 years of age at highest risk), smoking
status (smoking currently or in the past), and lack of nausea in the first trimester (30-33).
Likewise, evidence suggests women with a history of dieting or weight cycling before
pregnancy gain more weight than those who do not have a history of these behaviors (34).

Maternal implications of excessive GWG Alarming data from Brown University
was published in May 2013. Of 8,293 nulliparous women studied, 73% gained in excess of
the 2009 IOM guidelines. Excessive gain among all pre-pregnancy BMI categories was
associated with increased risk of hypertensive disorders (35). The National Longitudinal
Survey of Youth reported 40% of women who gained excessively also retained greater than
2.5 kg from 12-24 months postpartum (36). Postpartum weight retention has been shown to
be a strong predictor of maternal overweight and obesity even as long as a decade after the
pregnancy (37). Similarly, the Stockholm Pregnancy and Women’s Nutrition study followed
483 women 15-years postpartum (38). Results indicated the women who gained less than the
1990 IOM recommendations or achieved the recommendations weighed 6.2 kg and 6.7 kg
more, respectively, than their pre-pregnancy weight. However, women who exceeded IOM
recommendations weighed 10.0 kg (P < 0.01) more than their pre-pregnancy weight,
resulting in an increased BMI of 0.72 kg-m? compared to women who gained appropriately.
The findings remained significant even after controlling for several confounders, including
parity, suggesting the long term obesity risk for women exceeding GWG recommendations.

Infant implications of maternal excessive GWG Infants born to mothers who gain
excessive weight face considerable risks at birth and in the future. PIN 3 data illustrated
higher weight-for-age, length-for-age, and weight-for-length z-scores during early infancy
that persisted to three years of age in children born to women with excessive gain compared
to women with adequate GWG (29). Long-term follow-up studies demonstrate the likelihood
of such children becoming obese toddlers (39), adolescents (40), and adults (30). Children
and adolescents that continue on the obese trajectory commonly face several co-existing

difficulties such as asthma, bone and joint problems, sleep disorders, high blood pressure,
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Type 2 Diabetes Mellitus, early growth and puberty, bullying, and emotional disorders such
as depression, anxiety, and lack of self-confidence (41-43).

Timing of GWG Until recently, the primary focus and concern has been on the total
amount of weight gained during an individual pregnancy. With rising efforts to determine
specifically how to achieve appropriate GWG, more attention has been devoted to the
relationship between timing of weight gain and pregnancy outcomes. Drehmer et al.
demonstrated an association between LGA infants and excessive GWG during the 2"
trimester (RR 1.64, 95% CI 1.16-2.31) while excessive gain independently in the 3"
trimester was associated with preterm birth (RR 1.70, 95% CI 1.08-2.70) and cesarean
delivery (RR 1.21, 95% CI 1.03-1.44) (44). Conversely, insufficient weight gain during the
2" trimester was associated with SGA infants (RR 1.72, 95% CI 1.26-2.33) while no
associations were found between adverse outcomes and insufficient weight gain during the
3" trimester. These findings further support the early Dutch famine data: inadequate weight
gain during the first half of pregnancy results in increased rates of infant low birth weight and
infants predisposed to adult obesity; conversely, offspring born to mothers exposed to famine
in the third trimester experienced lower rates of adult obesity (23).

Excessive GWG early in pregnancy has also been linked with increased risk of
gestational diabetes, LGA infants, and excessive infant body fat at birth. In a large sample of
7,985 women, excessive early GWG (defined as GWG greater than the upper range of 2009
IOM guidelines for each pre-pregnancy BMI category occurring prior to 19 weeks gestation)
occurred in 47.5% of participants. Ninety-three percent of the women with excessive early
GWG exceeded IOM guidelines for total GWG whereas 55% of women who did not gain
excessively early on still exceeded guidelines for total GWG (P < 0.001) (45). After
adjustment for maternal age, smoking, and race, excessive GWG early in pregnancy was
associated with a 43% higher risk for developing gestational diabetes mellitus, a 40%
increased risk for delivering a LGA infant, and a 51% higher risk for a macrosomic infant.
Davenport et al. observed an increased risk for excessive infant body fat (> 14%) at birth in
infants born to mothers who gained in excess during the first half of pregnancy (OR 2.64,
95% CI 1.35-5.17) compared to those who gained appropriately during this time period (OR
1.49, 95% CI 0.80-2.79) (46).
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GWG counseling- What medical providers are recommending to patients Medical
providers are an important source of information for pregnant women regarding GWG. The
American College of Obstetricians and Gynecologists (ACOG; name current as of October
2013 via personal communication) recommends calculating pre-pregnancy BMI and
communicating appropriate weight gain based on the IOM recommendations at the initial
prenatal visit and periodically throughout pregnancy (8,10). However, this is often
complicated by the absence of a pre-pregnancy weight on the patient’s medical record (47),
thus ACOG has approved the use of an early-pregnancy weight to calculate BMI to
determine GWG recommendations (10). Despite ACOG’s suggestion, there is strong
evidence that obstetric medical providers are not providing guidance in line with the IOM
recommendations (1,48,49), or furthermore, are not providing any weight gain advice to their
patients at all (1,49). A national survey of 433 obstetric practitioners conducted by the
Research Department within ACOG demonstrated that 80% of respondents had read the
ACOG Committee Opinion, “Obesity in Pregnancy” (50) and 86% rated it as “helpful” or
“very helpful” (48). However, less than two-thirds (63.4%) of respondents used pre-
pregnancy BMI to assess appropriate GWG (48). Similarly, national data from the CDC’s
Division of Nutrition, Physical Activity, and Obesity reported nearly 30% of all patient
survey respondents (n=2237) did not receive any medical advice regarding GWG (49).
Evidence suggests women are more likely to gain within appropriate ranges if medical
providers recommend how much weight to gain during pregnancy (49,51,52). A study by
Cogswell et al. evaluated the association between medical provider advised weight gain and
actual weight gain. Women that received advice to gain less than minimum range of the 1990
IOM GWG recommendations were three times more likely to actually gain less than the IOM
recommendations (OR 3.6, 95% CI 2.3,5.5), compared to women that were advised to gain
the appropriate amount of weight according to their pre-pregnancy BMI and did so (49).
Similarly, the CDC findings also showed an association between receiving no advice and
excessive GWG (49). Women that were given no advice about GWG were twice as likely
(OR 2.0, 95% CI 1.5,2.7) to gain excessively, while women that were advised to gain more
than the 1990 IOM GWG recommendations were more than three times likely to gain
excessively (OR 3.6, 95% CI 2.4,5.5) (49).
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Some of the dissociations between GWG recommendations and the advice obstetric
medical providers are providing to their patients may be due in part to the training of health
care professionals. For one, surveys of clinicians and obstetricians, demonstrate they often do
not remember the BMI categories (47). Thus, it becomes difficult to counsel a patient on
appropriate GWG according to pre-pregnancy BMI if the clinician is unable to appropriately
categorize the patient’s BMI. Secondly, traditional health care has been focused around the
treatment of acute illness, managed by the physician. However, in today’s society, most
health care is related to chronic disease (e.g. diabetes mellitus, hypertension, cardiovascular
disease, renal disease, etc.). Contrary to the treatment of acute illness, chronic disease is
primarily managed by each individual patient via lifestyle and medications while the
physician takes on more of a “coach” role. Regardless, the training of health care
professionals is still based on the older paradigm of dealing with acute illness and therefore
active patient participation is not as important (53). As an important source of medical
information during pregnancy, the obstetric provider must fulfill the role of the GWG
“coach” and provide patients with proper guidance to achieve healthy weight gain. However,
limited time during clinical appointments, uncertainty regarding appropriate weight gain
recommendations, and reluctant feelings towards discussing the sensitive topic of weight
gain (1,47) often leaves this topic to be avoided. The practice of discussing weight gain
during pregnancy is in alliance with the recent 2013 ACOG Committee Opinion on Obesity
in Pregnancy, which promotes offering nutrition consultation to all overweight and obese
women and the encouragement to follow an exercise program (10). ACOG’s recent statement
on weight gain during pregnancy suggests “It is important to discuss appropriate weight gain,
diet, and exercise (with all patients) at the initial visit and periodically throughout the
pregnancy” (8). Referral to specialty services such as dietitians and exercise professionals
may minimize the time necessary to discuss such topics during the prenatal visits with the
medical provider and optimize maternal and infant outcomes.

Previous interventions to prevent excess GWG Recommendations describing how
to achieve appropriate weight gain during pregnancy are limited. Continual graphing of
GWG against recommended ranges has shown some benefit (54,55) and was found to be a
desirable educational tool that would be well-received by medical providers to counsel

patients (47). Interestingly, in a study of current prenatal health care providers in the Boston
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area, most practitioners (n=12/16) reported they would be more likely to actively manage
excessive GWG earlier in pregnancy and refer for counseling services, such as nutrition
assessment, if it was visibly obvious on an electronic medical chart that the patient was not
gaining within the recommended range (47).

Multiple studies have focused on decreasing maternal weight gain and/or prevention
of excessive GWG. Those that have been successful in preventing excessive GWG have
varied in methodology and study design (see Table 2), with graphical GWG charts used as a
common educational tool (54-58). All but 1 of the 13 studies utilized some sort of dietary
intervention (59). Likewise, only one study did not incorporate a physical activity or exercise
intervention (60). Several studies included multiple face-to-face or telephone dietary
consultations (60-64) or at least one supervised exercise session per week (59,62-65)
including aqua aerobics (66), walking (62,63), aerobic dance (59), and resistance training
(59,64) with weekly weight monitoring (58,62,63). At-home newsletters were also utilized
by three studies (54,55,57) to disseminate information about diet and exercise, and use it as
an opportunity for participants to set indivdiualized behavior goals related to both topics (54).
Thus, multiple forms of interventions have been utilized to achieve appropriate GWG, with
85% (n=11) including both a diet and physical activity intervention.

However, the intensity of the interventions varied drastically with differing amounts
of program length and participant-researcher contact. Most studies began between 10-20
weeks gestation while one began earlier at 6-9 weeks (59) and another began later at 20-26
weeks gestation (65). Four studies did not specify the onset of the intervention, but stated
first and/or second trimester (54,61) or “early pregnancy” (60,66). Mottola et al. (62) and
Ruchat et al. (63) both identified excessive GWG in nearly half of all participants prior to the
onset of the intervention at 16-20 weeks, however, prevented weekly excessive GWG
throughout the intervention. Given the adverse outcomes associated with excessive early
GWG, future studies should be initiated as early as possible in pregnancy to promote optimal
GWG throughout the entire prenatal period.

Interestingly, the studies that demonstrated participants achieved appropriate GWG
were not effective in all populations studied. Polley et al. (n=120) (55) and Phelan et al.
(n=401) (57) both studied normal weight, overweight and obese women and effectively

prevented excessive GWG in normal weight women only according to the 1990 IOM GWG
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recommendations. In these two studies, excessive GWG was observed in 33% and 40.2% of
the normal-weight intervention groups compared to 58% and 52.1% in the control groups,
respectively. Olson and colleagues (54) were able to prevent excessive GWG in normal
weight, overweight, and obese women but only in the low-income population (household
income < 185% of the federal poverty line compared to a high household income > 185% of
the federal poverty line). Studies that had considerable impact on overweight and/or obese
women included a higher frequency of monitored exercise sessions held at least once per
week compared to interventions that did not work to prevent excess GWG, or weekly dietary
and weight gain monitoring/counseling sessions (62,64,66). Dietary counseling included
individualized energy requirements based on weight and PA level (64) and a focus on
macronutrient distribution of 40-55% carbohydrate, 30% fat, and 20-30% protein with a
monitored carbohydrate distribution throughout the day (62). Claessen et al. (66) offered
aqua aerobics classes 1-2x/week designed specifically for obese women (albeit no mention of
adherence or attendance to these classes were discussed) and weekly motivational sessions to
provide support and discuss weight control. The approach by Claessen et al. significantly
decreased total weight gain (7.52 = 15.4 kg vs 9.78 + 16.24, P = 0.001) and increased the
percentage of obese women who gained less than 7 kg compared to a control group receiving
routine prenatal care (20.5% vs 35.7%, P = 0.003). However, nearly 65% of intervention
participants still exceeded the weight gain goal of less than 7 kg. On the contrary, Vinter et
al. (64) did not achieve significant differences in excessive GWG between the intervention
and control groups (P = 0.058), yet 64.6% and 53.4% of obese women achieved weight gain
recommendations respectively (35.4% and 46.6% gained in excess). This is a considerably
higher success rate than US and international prevalence of excessive GWG in 56-67.2% of
obese women (28,29,67). Both the intervention and control groups received weight gain
monitoring which is not standard care in Denmark (site of intervention), suggesting this alone
may have served as an intervention for the control group. Future interventions should
consider any possible data collection that may not be standard practice, such as weight gain

monitoring, and thus when utilized may serve as an indirect intervention to both groups.



Table 2. Effective Interventions to Prevent Excessive Gestational Weight Gain

Authors | Population/ | Initiation of Exercise Diet component GWG counseling Effective Outcomes
Location & | intervention/ | component results of not
Design Control intervention | effected
Polley n=120 <20 weeks Stressed Stressed low-fat Personalized GWG **Decreased | EGWG for
et al, NW, OW, modest diet and discussed | graph sent after every | EGWG in Oow/OB
2002 OB Control: exercise & in biweekly clinic visit with NW (33 vs women
Standard discussed in newsletters feedback; additional 58%) (non-
Clinical nutrition biweekly counseling & goal- significant
RCT counseling newsletters setting if weight gain increased
from medical outside of GWG)
Pittsburgh, | provider & recommended range
USA WIC
1990 IOM
Olson n=179 First & 5, 1-page 5, 1-page Plotting GWG by *Decreased | EGWG for
et al, NW, OW second newsletters newsletters sent medical provider, EGWG in high-
2004 (no obese) | trimester (not | sent via mail; | via mail; diet self- | additional counseling if | low-income | income
specified) opportunity to | monitoring; weight gain outside of | women (33 | women
Non- set behavioral | opportunity to set | recommended range; vs 52%)
randomized, | Control: goals with behavioral goals self-monitoring GWG
clinic Historical each with each
control newsletter and | newsletter and
New York, | (n=381) return via return via postcard | 1990 IOM
USA postcard
Claesson | n=348 Early Aqua aerobics | Education from One session with *Decreased | Birth
et al, OB pregnancy 1-2x/wk midwife on trained midwife early GWG (8.7 vs | weight,
2008 (not specified) | designed for potential in pregnancy to 11.3 kg); delivery
Clinical, obese women | consequences of motivate behavior mode
prospective different behaviors | change; Offered *Increased %
case control associated with individual 30-min gain <7kg
Control: eating and food weekly motivational (35.7 vs
Sweden Routine intake; written sessions to provide 20.5%)

prenatal care

information
provided as needed

support and discuss
weight control,

LT



Table 2. Continued

Authors | Population/ | Initiation of Exercise Diet component GWG counseling Effective Outcomes
Location & | intervention/ | component results of not
Design Control intervention | effected
Goal: <7kg (I0OM rec
Claesson then was at least 6.8kQ)
et al.
1990 IOM
Wolff n=50, Early None 10, 1-hr Goal: 6-7kg *Decreased
et al, OB pregnancy (15 consultations with GWG (6.6 vs
2008 + 3 wks) RD to achieve 13.3kQ);
Clinical Danish **rate of
RCT Control: macronutrient GWG;
No consults guidelines (fat < *weight
Denmark with RD and 30%, protein 15- retention at 4
no restrictions 20%, carb 50- weeks
on energy 55%) and energy postpartum;
intake or restriction
weight gain; calculated by: *Limited
All EER= BMR*1.4 energy
participants (PAL factor of intake, met
received 1.2+0.2 macronutrien
vitamin/ added to cover t goals (no
mineral energetic cost of difference in
supplement fetal growth) 1990 IOM CHO intake)
Shirazian | n=21, First trimester | Written Written education | Goal: <15 Ibs (6.8 kg) | *Decreased | % of
etal, OB education materials on 6 structured seminars to | GWG (17.86 | women
2010 Control: materials healthy eating, overcome barriers to vs 34 Ibsor | gained <
# Prospective | Matched for | promoting calorie counting; healthy living; >51:1 | 8.1vs15.5 15lbs
historical starting BMI, | walking as food diary; discuss | counseling sessions or | kg) (38 vs
matched parity, SES exercise, nutrition & food phone calls to monitor 15%,
control (n=20) pedometer; label reading in progress, at least 1 each p=0.159);

seminars

trimester

8T



Table 2. Continued

Authors | Population/ | Initiation of Exercise Diet component GWG counseling Effective Outcomes
Location & | intervention/ | component results of not
Design Control intervention | effected
New York discuss 1990 IOM pre-
Shirazian | City, USA exercise eclampsia,
etal. during GDM, c-
pregnancy in sec, infant
seminars birth
weight
Mottola et | n=65, 16-20 wks Walking 3- Meeting with RD | Goal: < 10.6 kg Decreased
al, 2010 | ow, OB 4x/wk at 30% | to discuss (weekly gain of 0.3-0.4 | EGWG
Control: heart rate individualized kg in 2" & 3" during
Historical Matched for reserve for 25 | meal plan of trimesters) intervention;
control, pre-pg BMI, | mins working | ~2000 kcal/day,
research age, parity up to 40 mins; | 40-55% total Weekly weigh-ins at Achieved
center (n=260) >1 energy from CHO, | research center optimal
session/wk at | 30% fat weekly
Canada research (emphasize MUFA GWG;
center; over trans- and
pedometer & | saturated), 20-30% **Decreased
exercise log protein, snacks and kcals and
for self- CHO distribution CHO intake,
monitoring throughout day; 1- increased
day food log each protein
week with 1990 IOM criteria intake from
feedback baseline

67



Table 2. Continued

Authors | Population/ | Initiation of Exercise Diet component GWG counseling Effective Outcomes
Location & | intervention/ | component results of not
Design Control intervention | effected
Barakat | n=67 Began 6- 35-45 mins/3x | None None **Decreased | Mode of
et al, All BMI 9wks, end 38- | per week, GWG delivery,
2011 39 wks light- (11.9kg vs birth
RCT moderate 13.9), stated | weight
Control: intensity “normal”
Not specified | (<70% GWG for
maximum healthy
heart rate) of pregnancy of
core work, 9-11 kg
walking, (Noted: 90%
aerobic dance adherence to
(Ix/wk), exercise
stretching, group)
very light
resistance
training (1 set,
10-12 reps,
3kg weight or
bands)
Huang et | n=189 16 wks Education Education from Goal: 10-14 kg, *Decreased
al, 2011 | All BMI from nurse at | nurse at 16-weeks | each woman set own EGWG
Control: 16-weeks on | on how to develop | goal in this range; (average
Routine how to an individualized | Personalized GWG 14.02 vs
Clinical prenatal care, | develop an diet plan, follow- | graph sent after every 16.22 kQ)
RCT discussions individualized | up sessions (30-40 | clinic visit with
with nurse on | physical mins) at 28, 36-38 | feedback; additional
Taiwan pregnancy activity plan, | weeks; self- counseling if weight
concerns; follow-up monitor diet & gain outside of
written sessions (30- | turn in at sessions; | recommended range
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Table 2. Continued

Authors | Population/ | Initiation of Exercise Diet component GWG counseling Effective Outcomes
Location & | intervention/ | component results of not
Design Control intervention | effected
information 40 mins) at written Dept of Health Taiwan
Huang et on nutrition 28, 36-38 information on recommendations for
al. and exercise | weeks; self- healthy and all pregnant women
during monitor PA & | balanced diet, food
pregnancy turn in at categories, and
sessions; calorie
written calculations
information
on energy
expenditure
for various
exercises
Phelan n=401 10-16 wks At initiation, | At initiation, At initiation, discussed | *Decreased | EGWG,
et al, NW, OW, discussed discussed calorie | GWG EGWG in hyper-
2011 OB Control: walk 30 goals (20 kcal/kg), | recommendations; NW (40.2 vs | tension,
Standard min/most decrease high-fat | Personalized GWG 52.1%); c-section,
(based RCT at nutrition days; daily foods; daily self- graph sent after every macro-
off research counseling self- monitoring of clinic visit with Reduced somia for
Polley, | center from medical | monitoring; eating; provided feedback; additional odds for Oow/0OB
2002) provider & provided food records; counseling & goal- maternal women
WIC; Bi- pedometers; weekly postcards | setting if weight gain | gestational
Providence, | monthly weekly prompting healthy | outside of hyper-
Rhode newsletters on | postcards eating; 3 brief recommended range tension**,
Island, USA | pregnancy prompting phone calls from c-section*, &
issues exercise RD 1990 IOM macro-
habits somia***
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Table 2. Continued

Authors | Population/ | Initiation of Exercise Diet component GWG counseling Effective Outcomes
Location & | intervention/ | component results of not
Design Control intervention | effected
Hui n=190, Begin 20- Supervised Interviews and Included with *Decreased | GDM, c-
et al, All BMI 26wks, Ix/wk & individualized diet | individualized diet kcal, fat, sec or
2012 end 36 wks recommend 3- | counseling by RD | counseling by RD saturated fat, | birth
Community 5x/wk, 30-45 | 2x: enroll & 2 mos | based on diet interview, | cholesterol weight
-based RCT | Control: mins mild- later pregnancy week, & intake;
Written moderate weight gain
Canada information exercise, *Increased
on PA & diet | provided PA;
in pregnancy | exercise video 2009 IOM
to use in *Decreased
home; EGWG (35.3
Self- vs 54.5%)
monitoring in
logs turned in
to research
staff
Vinter et | n=304 10-14 wks Supervised Counseling by RD | Goal: limit GWG to *Decreased | GDM,
al, 2012 | OB exercise 4x: 15, 20, 28,35 | 5kg GWG (7.0 vs | c-sec,
Control: classes 1x/wk | weeks; Individual 8.6 kg); LGA,
Dietary & (aerobic & energy NICU
Clinical physical resistance); requirements admission,
RCT activity in Encouraged based on weight & ***Decreased | pre-
pregnancy 30-60mins/ PA level, EGWG (35.4 | eclampsia/
advice, weight | day MPA, Vs 46.6%); pregnancy
monitoring in | provided induced
Denmark both groups pedometer & % gain <5kg | hyper-
(not standard | free gym (28 vs 20%, | tension
care in membership P=0.102)
Denmark) for 6-mos

(44



Table 2. Continued

Authors | Population/ | Initiation of Exercise Diet component GWG counseling Effective Outcomes
Location & | intervention/ | component results of not
Design Control intervention | effected
Rauh n=250 20 wks Discussed Discussed Discussed GWG **Decreased | GDM,
et al, NW, OW, physical nutrition (decrease | monitoring at two GWG (14.1 | birth
2013 OB Control: activity energy dense & counseling sessions (20 | vs 15.6 kg); | weight,
Routine recommend- | high fat foods), & 30 wks); Weekly LGA,
Clinical prenatal care | dations and macro- & self-monitoring of **Decreased | mode of
Cluster- with written FITT micronutrient weight on EGWG (38 | delivery
RCT information principle at requirements individualized weight | vs 60%)
on healthy two during pregnancy | gain chart; goal-setting
Germany lifestyle counseling at two counseling
during sessions (20 sessions (20 & 30
pregnancy (no | & 30 wks); wks); provided
diet or weight | provided feedback on 7-day | 2009 IOM
gain advice) feedback on diet record; goal-
7-day PAQ; setting
List of local
prenatal
exercise
programs and
encouraged
participation;
goal-setting

*P <0.01; **P < 0.05; ***0.05 < P < 0.06; Vinter non-significant difference in EGWG included under effective results because
35% EGWG is considerable improvement from typical statistics for obese women; #Shirazian et al. found to have the strongest
effect in decreasing GWG in Streuling 2010 AJCN meta-analysis.
BMI: body mass index; BMR: basal metabolic rate; CHO: carbohydrate; EER: estimated energy requirement; EGWG: excessive
gestational weight gain; FITT: frequency, intensity, time, type; GDM: gestational diabetes mellitus; GWG: gestational weight
gain; IOM: Institute of Medicine; LGA: large-for-gestational age; MUFA: monounsaturated fatty acid; NICU: neonatal intensive
care unit; NW: normal weight; OB: obese; OW: overweight; PA: physical activity; PAL: physical activity level; PAQ: physical
activity questionnaire; RCT: randomized-controlled trial; RD: registered dietitian; SES: socioeconomic status; USA: United States
of America; WIC: Women, Infants, & Children.
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Prenatal physical activity

Benefits of maternal physical activity Evidence from the studies listed in Table 2
suggests physical activity (PA) and/or exercise and dietary interventions may be beneficial in
preventing excessive GWG (68-71), yet the benefits extend well beyond this purpose and are
well documented (72,73). These benefits include, but are not limited to: reduced back pain,
insomnia, nausea, stress, fatigue, and anxiety, improved mood, and reduced risk of cesarean
section, preterm birth and LGA infants (73-76).

Prevalence of prenatal physical activity Despite the extensive benefits, very few
pregnant women participate in enough exercise to meet current prenatal PA
recommendations (77-79). One possible reason for low participation in prenatal exercise may
be the confusion concerning the topic, even among medical providers.

History of prenatal physical activity recommendations Historically, the benefits of
an active pregnancy date as far back as the third century BC when Aristotle reported a
relationship between a sedentary maternal lifestyle and a difficult childbirth (80). However,
ACOG has not always supported this viewpoint. The first set of exercise guidelines published
by ACOG in 1985 included several restrictions: exercise no more than 15 minutes at a time,
keep the heart rate below 140 beats per minute, and do not start an exercise program when
pregnant if not active prior to becoming pregnant (81). Due to the extensive literature
published shortly thereafter on the benefits of maternal exercise (82), ACOG abolished the
restrictions on heart rate and exercise duration in 1994 (83). Finally, in 2002, the terminology
used by ACOG changed from “guidelines” to “recommendations” and moderate exercise for
30 minutes a day on most, if not all, days of the week was recommended for all women with
a healthy pregnancy regardless if previously active or inactive (72). Unfortunately, many of
the old guidelines are still readily communicated to pregnant women, leading to mixed
messages about the safety and efficacy of prenatal exercise.

ACOG’s 2002 recommendation was based on PA recommendations for non-pregnant
adults at the time: “Every US adult should accumulate 30 minutes or more of moderate-
intensity PA on most, preferably all, days of the week™ (84), with “most days of the week”
defined as five days per week (85). Recommendations for pregnant women were also
included in the first ever Physical Activity Guidelines for Americans (PAGA) published by
the Department of Health and Human Services (DHHS) in 2008 (86). The guidelines for
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pregnant women are very similar to that of non-pregnant adults: to achieve at least 150
minutes of moderate aerobic activity per week, preferably spread throughout the week. A
minimal duration of 10 minutes at a time is sufficient to produce similar results as longer
bouts of activity (85). However, the specificity of bout duration is not included in the
prenatal recommendations thus it remains unclear if a specific minimum bout of activity is
more beneficial in pregnancy compared to total accumulated PA (82).

Another confusing facet of prenatal recommendations is the use of the terms exercise
and physical activity. Physical activity is defined as “any bodily movement produced by
skeletal muscle that results in energy expenditure” (84) while exercise is a subset of physical
activity, defined as “planned, structured, and repetitive bodily movement done to improve or
maintain one or more components of physical fitness” (84). Despite each of these terms
having their own distinct definitions, they are often interchanged, and used in the ACOG and
PAGA recommendations respectively. It is likely both PA and exercise improve maternal
and fetal outcomes, with the distinct independent benefits yet to be identified.

Several studies have evaluated the effectiveness of maternal exercise and PA on
positive pregnancy and birth outcomes. However, the volume of exercise prescribed or
activity recommendation provided has varied drastically. Relative to preventing excessive
GWG, Mottola and colleagues have reported the effectiveness of walking 3-4x/week for 25-
40 minutes at 30% heart rate reserve for women across all pre-pregnancy BMI categories
(62,63). Among normal weight women, excessive GWG was prevented for 70% of women
exercising at the 30% heart rate reserve intensity with a slightly greater improvement (77%
achieved appropriate GWG) with an intensity of 70% heart rate reserve (63). Barakat et al.
utilized a similar volume of exercise with 35-45 minutes 3x/week of light-moderate intensity
(<70% age-adjusted maximum heart rate) aerobic training, while also incorporating
stretching and very light resistance training (59). This alone (without any diet or weight gain
counseling) significantly decreased total GWG between the exercise group (n=34) and a non-
exercise control (n=33) (11.9 vs 13.9 kg, P = 0.03) and prevented excessive GWG (normal
GWG defined 9-11 kg).

It is important to remember that prenatal recommendations set forth by ACOG and
PAGA are based on the appropriate amount of activity necessary to achieve an aerobic

benefit, improve cardiovascular fitness, and decrease chronic disease risk factors for non-
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pregnant adults (82). This amount of activity is safe for healthy pregnant women with no
contraindications to exercise. However, specific volumes of recommended activity
(frequency, duration, and intensity) may vary relative to individual prenatal outcomes, such
as prevention of excessive gestational weight gain, gestational diabetes, and pre-eclampsia.

Assessment of physical activity during pregnancy Surprisingly, several studies and
review articles have not found a relationship between PA, or PA counseling, and prevention
of excessive GWG (87-92). The inconsistencies among the literature regarding the
effectiveness of maternal PA to prevent excessive GWG may also be influenced by the
assessment of PA during pregnancy.

Both objective and subjective forms of PA assessment have been used extensively,
each providing their own strengths and limitations. Subjective assessment, such as surveys
and activity recall, is inexpensive and can be implemented with a large sample size across a
large geographical area. It does, however, inherently rely on participant recall and truthful
documentation of activity. A validation study evaluated validity and reliability of a one-week
PA recall questionnaire against the ActiGraph in pregnant women from the PIN 3 study.
Reported minutes of moderate-vigorous PA (MVPA) from the questionnaire were 85%
higher than MVPA observed by the accelerometer (93). Objective assessment of PA in the
free-living environment typically involves the use of accelerometers, which may introduce a
greater financial burden or involve the use of extensive data analysis and interpretation.
Regardless, a recent systematic review evaluating the effectiveness of interventions to
prevent the decline of PA during pregnancy encouraged the use of objective monitoring in
prenatal PA interventions for two reasons: 1) to avoid the inherent difficulty of blinding
participants to their randomization assignment (e.g. exercise or usual care), and 2) to avoid
the possible exaggeration of self-reported PA by participants in a randomized PA
intervention.

The availability of validated objective PA assessment tools in pregnancy is very
limited. Pedometers offer a simple assessment of total step count, but traditionally do not
allow for prediction of energy expenditure, intensity of activity, or duration of activity.
Typical placement of pedometers on the anterior waistline introduces a tilt angle that
influences the accuracy of the step count as pregnancy progresses (94). Similarly, other

accelerometers such as the ActiGraph, are commonly worn on the waist, a placement that has
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also been shown to be uncomfortable and result in decreased user wear time or compliance
(95). Many accelerometers, including the ActiGraph, rely on counts of acceleration and
particular cut points to predict intensity of activity and estimate energy expenditure. For
example, a common cut point used to define moderate intensity activity in non-pregnant
adults is 760 counts-min™ (96), but other cut-points for the same intensity range from 191
counts-min™* (97) to 1952 counts-min™ (98), providing very different amounts of PA.
Furthermore, cut points have not been validated for use in pregnancy (93,99).

Pattern-recognition monitors offer similar data output as typical accelerometers (e.g.
PA intensity and energy expenditure), but also incorporate heat sensors to improve the
estimations of PA and energy expenditure. These monitors, such as the SenseWear® Pro and
SenseWear® Mini armbands, have been shown to provide more accurate estimates of energy
expenditure than traditional accelerometers such as an older version of the Actigraph, the
MTI (100,101). The SenseWear® Mini is a smaller and more advanced model of the
armband than the SenseWear® Pro models, and has been shown to be more accurate when
both models were compared against doubly labeled water in non-pregnant adults (102).
Average total energy expenditure estimates were within doubly labeled water estimates by 22
kcal-day™ for the Mini and 112 kcal-day™ for the Pro model (ICC 0.85, 95% CI = 0.92-0.76
vs ICC 0.80, 95% CI = 0.89-0.70). The SenseWear® armbands incorporate data from four
heat sensors and an accelerometer into proprietary algorithms to predict energy expenditure
(kcals) for each minute of wear time. The intensity of an activity is then estimated using
metabolic equivalent of task (MET) values by the equation: METs = kcal-hour *-kg ™.
Activity intensities are categorized by the MET value into sedentary behavior (1.0-1.5
METSs), light-intensity PA (1.6-2.9 METs), moderate-intensity PA (3.0-5.9 METSs), and
vigorous PA (> 6.0 METSs) (103). Overall, the availability of valid tools to objectively assess
physical activity during pregnancy is very limited. The SenseWear® Mini may be a
promising option to further investigate for use in pregnant women since it does not involve
the use of cut-points to determine physical activity or energy expenditure and it is
conveniently worn on the arm, rather than the waist.

Dietary intake during pregnancy
Dietary modifications are commonly utilized in addition to PA to prevent excessive

GWG. Determining caloric intake and comparing to dietary recommendations is commonly
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thought of as the first step to nutrition assessment in any population. Estimated energy
requirements for pregnant women are frequently determined with the use of the Institute of
Medicine’s Dietary Reference Intakes (104). For non-pregnant women 19-50 years old,
energy requirements are approximately 2403 calories per day. During pregnancy, an
additional 340 and 452 calories per day are added during the second and third trimesters,
respectively (2743 and 2855 calories total per day), to account for the increased metabolic
demands of pregnancy including fetal and placental growth, increased maternal adiposity,
and blood volume. Similarly, prediction equations to estimate energy needs during pregnancy
were published in 2002 as part of the Dietary Reference Intakes (104). The equations were
based upon energy expenditure data collected from the doubly labeled water method,
including data from pregnant women with a variety of activity levels (104). However,
previous reports have indicated a wide variability in maternal energy expenditure, energy
deposition, gestational weight gain, and consequently energy costs during pregnancy (105).
Energy intake during pregnancy Pilot data collected from women 18 weeks
pregnant living in central lowa reported an average daily intake of 2,084 calories (median
2,035 calories) via a 3-day weighed diet record (Unpublished data, Campbell). This is similar
to previous reports of national epidemiological data that utilized food frequency
questionnaires and reported median daily intakes of 2,008 (106) and 2,478 calories (107).
Interestingly, when categorized as under reporters, adequate reporters, and high intake
reporters, the median (x IQR) daily intakes were 1,483 + 451, 2,182 + 583, and 3,801 £
1,213 calories, respectively (106). In the same study of nearly 1,000 pregnant women
(n=988), the median energy intake (EI) to estimated energy requirement (EER) ratio
(EI:EER) was 0.85, demonstrating under-reporting of energy intake was common,
particularly among obese women (49.8% of obese women under-reported energy intake)
(106). Collectively, these data indicate two things. The first being that on average, pregnant
women do not appear to be consuming an excessive number of calories during pregnancy
relative to the Institute of Medicine’s estimated energy requirements (~2,084 calories
consumed vs ~2743 calories recommended). However, as previous research demonstrates,
underreporting energy intake is particularly common during pregnancy, particularly among
obese women (106). Thus, it is difficult to truly understand energy intake in this population,

and furthermore, comprehend the role it plays in GWG.
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Dietary quality Caloric intake, however, is not likely to be the only dietary
contributor to GWG; diet quality should also be considered due to its robust relationship with
perinatal outcomes (108,109). Inadequate maternal folate intake has long been attributed to
neural tube defects, but recent reports also suggest an association between increasing
maternal diet quality and reduced risks for cleft lip and palate (108). Data from the Project
Viva cohort reported direct associations between maternal intake of total energy, dairy, and
fried foods with excessive GWG. Meanwhile, percent of total calories from monounsaturated
fats were inversely related to excessive GWG (110).

Currently, two primary methods exist to assess diet quality specifically during
pregnancy in the United States, the Dietary Quality Index for Pregnancy (DQI-P) (111), and
the Alternate Healthy Eating Index-Pregnancy (AHEI-P) (112). The DQI-P was developed
by researchers with the PIN Study and based off of the current Dietary Guidelines for
Americans at the time (2005) and the Food Guide Pyramid. It includes the following eight
categories, each worth 10 points for a total maximum score of 80: daily servings of grains,
vegetables, and fruits; folate, iron, calcium and total fat intake; and meal patterning
(discerning between frequency of meals and snacks). While the frequency of meals and
snacks are considered in the diet quality score, these are not defined by the authors of this
methodology making it very difficult to implement this tool and score this aspect of the
assessment. Additionally, the DQI-P does not distinguish between different types of fat,
potentially influencing the qualitative score provided by this index since not all fats have
been shown to equally contribute to maternal outcomes, such as GWG (110).

The Alternate Healthy Eating Index (113) was based on the Healthy Eating Index
(HEI)-2005 developed by the United States Department of Agriculture after the publication
of the Dietary Guidelines for Americans 2005 (114), and then further modified to include
nutrition recommendations during pregnancy to create the AHEI-P (112). The AHEI-P
measures diet quality on a 90-point scale via nine categories where each category has a
maximum score of 10 points: vegetables; fruit; ratio of white to red meat; fiber; trans fat;
ratio of polyunsaturated to saturated fatty acids; and folate, calcium, and iron from foods only
(not including vitamins or supplements). A higher score indicates a higher diet quality, and
has been associated with higher maternal age, lower blood glucose, and slightly reduced risk

of pre-eclampsia (112). Mean AHEI-P scores of 1,777 women in the first trimester were 61 +
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10 (33-89) based on results from a food-frequency questionnaire. One important observation
to consider is the lack of the AHEI-P to consider total energy intake in the index score. Thus,
it is possible to achieve a high diet quality score on this index but simultaneously radically
exceed recommended calorie intake.

Due to the limitations of the AHEI-P to consider total energy intake and the
difficulties of defining meals and snhacks to appropriately score a diet using the DQI-P, some
researchers have chosen to use the HEI-2005 to assess diet quality during pregnancy
(115,116). This tool, along with the most recent version of the HEI (HEI-2010), assess diet
quality on a per calorie basis, thus no additional modifications are needed for pregnancy
(117). The maximum score for the HEI-2005 is 100, with scores coming from 12 different
categories worth either 5 points maximum (total fruit, whole fruits, total vegetables, dark
green and orange vegetables, vegetables and legumes, total grains, and whole grains), 10
points maximum (milk, meat and beans, oils, saturated fat, and sodium), or 20 points
maximum (solid fats, added sugars, and alcohol). An overall HEI score above 80 is
considered ‘good’, while a score of 50-80 ‘needs improvement’, and scores below 50 are
considered poor (115,118). Data from 301 overweight and obese pregnant women in
Australia indicated a significant decline in HEI scores across pregnancy: 56.7 + 10.1 between
10-20 weeks gestation, 54.0 + 10.3 at 28 weeks gestation (P <0.001), and 54.0 + 9.7 at 36
weeks gestation. Decreasing scores came from decreases in milk, meat, and oils and
increases in the proportion of energy from solid fats, alcohol, and added sugars (P < 0.001)
(115). Tsigga et al. evaluated diet quality using the HEI-2005 among 100 pregnant women in
Athens, Greece (119). The mean HEI score was 66.9 £0.6 (n=9 first trimester, n=47 second
trimester, n=44 third trimester). However, the HEI score during pregnancy differed by pre-
pregnancy BMI with the HEI of normal weight women (n=62) significantly higher than that
of overweight women (n=19) (67.1 = 0.6 vs 66.6 £ 0.6, respectively, P <0.01) but not of
obese women (n=11; 67.1 + 0.6 vs 66.7 £ 0.4). HEI was negatively associated with pre-
pregnancy BMI (r =-0.298, P < 0.003) while protein intake as a percentage of total energy
intake was positively associated with HEI score (r = 0.306, P < 0.002).

The impact maternal diet and diet quality have on GWG continues to garner more
attention. A recent cross-sectional study using NHANES data from 490 women tested the

hypothesis that diet quality during pregnancy (evaluated by the HEI-2005) is associated with
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adequate GWG (defined by the 2009 10M guidelines) at different stages of pregnancy (116).
After adjusting for age, trimester of pregnancy, race/ethnicity, education, marital status,
income, daily supplement use, PA, and pre-pregnancy BMI, HEI-2005 scores did not differ
significantly (P = 0.15) across GWG groups (inadequate GWG, adequate GWG, excessive
GWG). However, inadequate intake of total vegetables and oils were associated with
excessive GWG (OR 2.8, Cl 1.2-6.4, P =0.02).

A recent systematic review of 12 observational studies concluded both energy intake
and protein intake were significantly positively associated with GWG, while carbohydrates
and a vegetarian diet were both associated with lower GWG (68). However, these findings
are limited by the inherent inability for causal relationships due to the observational study
designs. Similarly, the review lacked specificity and clarification regarding the type of
association (positive or negative) between carbohydrate intake and GWG. A large meta-
analysis of 44 randomized controlled trials by Thangaratinam et al. concluded dietary
interventions were the most effective of the lifestyle interventions studied (diet, PA, GWG
feedback, counseling, or a combination of some or all of these components) in reducing
maternal GWG and improving obstetric outcomes, including reduced risk for gestational
diabetes mellitus and pre-eclampsia (71). However, among the 34 trials included in the
analysis on maternal weight gain, there was no significant difference between control and
interventions groups in the effectiveness to promote adherence to the IOM weight gain
recommendations (relative risk 0.85, 0.66 to 1.1). Furthermore, Skouteris et al. (120) and
Ronnberg et al. (121) used many of the same studies in their systematic reviews, and
concluded the evidence for the effectiveness of these interventions was not convincing.

A better understanding of the role of diet quality in GWG is warranted to further improve the
effectiveness of interventions designed to prevent excess GWG. The recent publication of the
HEI-2010 (117) provides an opportunity for diet quality to be evaluated according to the
2010 Dietary Guidelines for Americans (122). To date, no studies have evaluated diet quality
in pregnancy using the HEI-2010.

Behavioral theory

The wide variability in success rates reported among interventions to prevent
excessive GWG and promote adherence to the IOM weight gain recommendations may in

part be explained by the inconsistent use of behavioral theory in the design of prenatal
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interventions (99,123). Behavioral theory provides a framework for understanding why
individuals do or do not participate in a particular behavior, what motivates them to do or not
do the behavior, and what barriers challenge their adoption of a new behavior (124). The use
of behavioral theory incorporates methods to overcome particular barriers to change, such as
environmental influences, social support, and self-confidence. It individualizes the approach
to explore what may and may not work to promote change for a particular person. Behavior
modification is a fundamental characteristic of improved health yet it can be difficult to adopt
and even more difficult to sustain as a lifestyle change. Counselors, dietitians, psychologists,
and exercise and medical professionals frequently use learning theories to understand
behavior, individualize the approach for each individual, and promote behavior change.
Historically, information was commonly dispensed to patients and clientele without any
effort to assist the individual in initiating a change in behavior. This practice is very similar
to the standard obstetrical practice to distribute information on gestational weight gain, and
prenatal diet and PA, without any counseling to achieve a healthy weight gain. During the
1990’s, goal-setting became widely accepted as a client-centered counseling technique (125).
More recently, a variety of behavioral theories (e.g. social learning or social cognitive theory,
self-determination theory, motivational interviewing, transtheoretical model, etc.) are being
incorporated into counseling and interventions alike (53,124) to understand the individual
and the factors that influence behaviors socially, culturally, psychologically, and
physiologically.

Social Cognitive Theory One behavioral theory that has played a dominant role in
health education for many years is the social cognitive theory. This theory stemmed from the
social learning theory, developed by Rotter and Bandura in the mid-twentieth century
(126,127). The social learning theory was based on the ideal that learning occurs by
observing others in the individual’s environment. This theory was later renamed the social
cognitive theory by Bandura in 1986 (126). The title, social cognitive theory, directs attention
towards the social influences on behavior as recognized by the social learning theory, but
also incorporates the cognitive contribution of the individual’s thoughts, motivation and
actions. The social cognitive theory (SCT) has widely been implemented as the foundation of
many health education practices for many years (127), including dietary (128-131) and PA

(131-134) interventions. Contrary to many theories focused on reinforcement as the primary
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determinant of behavior, cognitive theories recognize the individual has expectations of the
consequences of behavior change (e.g. if people are in a weight loss program and follow the
program appropriately, they would expect to lose weight). These are termed outcome
expectations. Similarly, outcome expectancies are the values that people place on an expected
outcome (e.g. how important weight loss really is to them or not). Outcome expectancies and
outcome expectations are two of the nine key constructs of SCT, in addition to reinforcement,
behavioral capability, locus of control, reciprocal determinism, self-regulation (self-control),
emotional coping response, and self-efficacy (127). This review will focus on the six
constructs related to the current intervention discussed later in this document: self-efficacy,
self-regulation, reciprocal determinism, behavioral capability, emotional-coping response,
and reinforcement.

Key constructs of SCT: Self-efficacy Self-efficacy is defined as how competent an
individual feels to do a task and how confident he/she is in his/her ability to overcome the
barriers to performing the task or behavior (127,128). Self-efficacy is commonly referred to
as the key construct of SCT that elicits behavior change, and has been recognized as the key
determinant of healthy eating (129) and a predictor of PA in pregnancy (135). If individuals
do not believe they will experience success, then they have little motivation to pursue a
behavior change knowing they will experience many difficulties along the way (127). This
mindset can be overcome by increasing self-efficacy in several ways: mastering the task
themselves by actually doing the task (performance accomplishments), observing others
doing the task (vicariously), being encouraged by others to do the task (verbal persuasion),
dealing with emotions that surround the behavior (emotional arousal), self-regulation
(monitoring the behavior), and social support (peer influence) (127,128). In order to increase
self-efficacy, the focus must be on the positive outcomes of behavior change (e.g. the
benefits of changing a particular behavior) rather than the negative (e.g. barriers an
individual may experience along the way).

Key constructs of SCT: Self-regulation Self-regulation is another construct of SCT
that directly relates to self-efficacy. Self-regulation is defined as gaining control over one’s
own behavior (127) by controlling the actions that pertain to the behavior (130). This can be
done through monitoring and appropriately adjusting the behavior using self-regulating

techniques such as goal-setting and behavior tracking. Self-regulation is used to increase self-



34

efficacy but likewise, improving self-efficacy can also increase self-regulation. For example,
if an individual believes he/she will have success in participating in a particular behavior
(self-efficacy), he/she will likely experience success in monitoring this behavior (self-
regulation), leading to adoption and maintenance of behavior change (129). Conversely, if
the individual is able to accomplish small goals along the way to accomplishing a larger goal
(self-regulation), he/she may feel more confident in the ability to achieve the ultimate
behavior change (self-efficacy). Research on obesity and weight management has widely
incorporated the use of self-regulation as it relates to nutrition and PA. Self-regulation has
been associated with healthier eating by promoting healthier intakes of fruits, vegetables,
fiber, and fat in adults (129). In an intervention designed to explore how SCT constructs
influenced nutrition behavior, self-regulation was the best predictor of overall nutrition (129).
Planning to purchase healthier foods (more fruits and vegetables to increase fiber and
decrease fat consumption) and tracking food intake led to lower intake of fat (4 [total] = -
0.45, P <0.01), higher consumption of fiber ((5 [total] =0.61, P <0.001), and increased intake
of fruits and vegetables ((5 [total] =0.52, P <0.001).

Key constructs of SCT: Reciprocal determinism The construct of reciprocal
determinism combines the cognitive influences of the individual with the social persuasions
of the environment as they relate to behavior. As a result, there is an interaction among the
individual, the environment, and the behavior. Perceived support from the social environment
(e.g. social support from family, friends, co-workers, etc.) is an important determinant of
behavior change as a pre-cursor to increase self-efficacy (129). While the early stages of
behavior change may consist of the environment influencing the person, the later stages of
change may also be defined by the person influencing the environment (127). Improvement
in self-efficacy may render an individual to change his/her environment in order to increase
the possibilities for behavior change to be sustained (or decrease the likelihood for relapse).

Key constructs of SCT: Behavioral capability In order for behavior change to
occur, individuals must have the knowledge and skills necessary to perform the behavior.
Like other constructs of SCT, behavioral capability is closely linked with self-efficacy:
knowing how to do a certain task and having the skills to do so may increase an individual’s

confidence that the task can be accomplished (127).
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Key constructs of SCT: Emotional-coping response People must be able to deal
with the sources of anxiety that may surround a behavior in order to learn and adopt a new
behavior (127). Strategies to help deal with an individual’s emotions include, but are not
limited to, problem-solving, social-support, and stress management.

Key constructs of SCT: Reinforcement Reinforcement is the response to behavior
that may increase the change of reoccurrence. It can occur in three ways: directly (receiving
verbal praise for a job well done), vicariously (seeing someone else being praised for a
particular behavior, also known as observational learning), or through self-reinforcement
(rewarding one’s self when a behavior is performed) (127).

Use of SCT in research and practice Several interventions have incorporated the
use of SCT to improve diet and PA in non-pregnant populations. Anderson et al. integrated
self-efficacy, self-regulation, outcome expectations, and social support (reciprocal
determinism) to determine how the SCT explains the food purchases and consumption of
food among adults, primarily overweight or obese adults (79% of participants) (129).
Shopping receipts and food-frequency questionnaires were used to collect quantitative data
related to nutrition behavior while psychosocial questionnaires were used to collect
qualitative data. The social cognitive variables were measured with the use of a commonly
used survey to quantify social cognitive variables, known as the Food Beliefs Survey
(129,130). The constructs of SCT assessed in this study explained up to 60% of the variance
in the purchase and consumption of fat, fiber, fruits and vegetables. Results also indicated
that characteristics such as age, gender, socioeconomic status, social support, self-efficacy,
outcome expectations, and self-regulation also contributed to nutrition behavior. The results
from this study suggest the pivotal role that self-efficacy, self-regulation, outcome
expectations, and social support play in explaining healthy behaviors. Future interventions
seeking behavioral change or adoption of healthier lifestyles, particularly related to nutrition,
should implement strategies to positively influence these SCT constructs.

Grim et al. used the SCT as a foundation for the design of a web-based intervention to
increase PA (132). Three groups of non-pregnant young adults were tested for ten weeks.
The first group was not required to participate in exercise but received general health
information in a traditional classroom setting three times per week at a collegiate institution.

One lecture discussed the benefits of PA and recommendations for improving health and
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fitness. The second group received the information in a traditional PA course at the same
institution with one lecture and three guided exercise sessions each week. The third group
was a web-based group and received the information via an online course and was required
to participate in at least three exercise sessions per week on their own and log the activity.
Weekly lessons in the web-based group focused on self-regulation via self-monitoring, goal-
setting, exercise opportunities, and reinforcements; outcome expectancy value by discussing
the benefits of exercise and reasons to exercise; self-efficacy by tailoring PA to their likes
and needs, overcoming barriers, goal setting, self-reinforcement, and time management; and
social support by assigning students to find a fitness buddy to exercise with at least once
throughout the course. While one may predict the supervised activity group to be the most
successful, the web-based group also significantly increased their PA from pre-post
evaluations (pretest mean of 4.16 days per week of moderate-vigorous PA vs posttest mean
of 6.05, P < 0.01). The PA among the general health group did not change over time.
Furthermore, the web-based group and the PA course group were not significantly different
in the amount of weekly moderate-vigorous PA post-intervention. The web-based group and
PA course showed improvements in self-regulation, self-efficacy, and outcome expectancy
value, demonstrating that an online course using social cognitive theory as the foundation of
the intervention can be just as effective in promoting PA behavior change as a supervised in-
person approach.

Use of behavioral theory & SCT during pregnancy While the use of behavioral
theory has been widely employed in non-pregnant adults and children, its use is limited in
prenatal interventions. A recent American College of Sports Medicine/American Diabetes
Association Joint Position Statement stated, “efforts to promote physical activity should
focus on developing self-efficacy and fostering social support™ (136). Barriers to PA specific
to pregnancy include fatigue, discomfort, perceived lack of time, and lack of social support
(137). Previous research has demonstrated a pregnant woman’s motivation to exercise most
strongly predicts her exercise behavior in the second and third trimesters (138,139). As a
result, researchers have suggested the use of goal-setting and the creation of a supportive
social network to increase intention to exercise and ultimately the implementation of this
behavior (138,140).
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The vast majority of previous studies that focused on prevention of excessive GWG
were not based on a behavioral theory (141). Of the 13 interventions that effectively
prevented excessive GWG (Table 2), nine were either rooted in a behavioral theory (Social
Learning Theory) (57) or incorporated behavior change techniques (54-58,62,63,65), such as
self-monitoring of PA (56-58,62,63,65), diet (54,56-58,62,63,), and/or GWG (54,58,62,63),
charting GWG with feedback (54-58), goal-setting (54-58), or problem-solving (56,61).
Motivational interviewing techniques are another counseling approach used to elicit
behavioral change and have been used to construct an interactive doctor on video to provide
counseling to low-income pregnant women on nutrition, exercise, and GWG. Briefly, the
interactive doctor on video asks demographic and behavioral assessment questions, delivers
tailored counseling messages based on the patient’s responses (e.g. BMI, eating and exercise
habits, and readiness to change), and provides printed output for both the patient and the
practitioner. While the multimedia feature was effective in significantly improving several
components of dietary intake (fruits and vegetables +0.4 servings/day; whole grains +0.7
servings/day; fish, avocado, and nuts +0.7 servings/day; sugary foods -0.4 servings/day;
white grains -0.5 servings/day; high fat meats -0.7 servings/day; fried foods -0.7
servings/day; solid fats -0.6 servings/day; and fast food -0.5 servings/day; each outcome P
<0.05) and increasing weekly amounts of exercise (+28 minutes/week, P < 0.05), there were
no significant differences in GWG or prevention of GWG compared to usual care (142).
Similarly, the Problem Solving Treatment Theory for primary care provided the foundation
for the New Life(style) randomized controlled trial in the Netherlands. This theory focuses
on helping people gain control over their difficulties and allows the researcher or counselor
to act as a coach for the individual (88). The New Life(style) study was aimed at preventing
excessive GWG in nulliparous women but it too had no effect on preventing excessive GWG
(OR =0.92; 95% C1 0.48-1.77) while 71% (n = 145) of participants gained in excess of the
1990 IOM recommendations (88,143). While not statistically significant, overweight and
obese women (n=47) in the intervention group gained 10.6 + 5.2 kg compared to 12.1 + 3.8
kg in the control group. Seventy-five percent of overweight and obese intervention
participants gained excessively compared to 100% of the overweight and obese control
women (88,143). However, in a process evaluation of the same intervention, the authors

reported a low adherence (43.2%) to the use of this theory (144). Adherence was defined as
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the inclusion of six required theory components at each session by each of the two
counselors. An average of only one of the six theory components was implemented during all
sessions, with one counselor scoring significantly higher using these components than the
other counselor (mean difference = 0.28; P < 0.001). Data concerning adherence and
compliance to the study protocol, whether by researchers or participants, provide important
efficacy data that are commonly not reported for other interventions (144).

Despite the fact that SCT has provided the basis for many of the PA interventions in
the literature (124) only three studies to date have used it during pregnancy. Chasan-Taber et
al. used SCT in conjunction with another behavioral theory, the Transtheoretical Model in
the B.A.B.Y. (Behaviors Affecting Baby and You) Study to increase exercise in a diverse
sample of pregnant women at high risk for gestational diabetes (145). The Transtheoretical
Model helps to understand how and when individuals make behavior change by recognizing
individuals do so by moving through specific stages of change (145). Specific behavioral
strategies included weekly PA goal setting, building social support, encouragement of self-
monitoring of exercise, overcoming barriers to PA, and counseling by health educators to
overcome barriers if PA goals were not achieved. Women in the exercise group experienced
a significantly smaller decrease in total PA across pregnancy compared to the control (-1.0
MET-hrs/wk vs -10.0 MET-hrs/wk, P = 0.03) and a significantly larger increase in
sports/exercise (0.9 MET hrs/wk intervention vs -0.01 MET-hrs/wk control, P = 0.02) (146).
Secondly, Ferrara et al. conducted a pilot prenatal/postpartum intervention to modify diet and
PA in women diagnosed with gestational diabetes to promote achieving postpartum weight
loss goals (147). Similar to the B.A.B.Y. Study, Ferrara et al. also utilized constructs of both
the SCT and Transtheoretical Model. The prenatal portion of the intervention included one
in-person and two telephone counseling sessions by a registered dietitian to discuss
gestational weight gain recommendations, encourage 150 minutes per week of moderate
intensity PA, and dietary modifications such as low glycemic food choices, low-fat diet, and
proper interpretation of food labels. A 7-day PA recall at baseline (following gestational
diabetes diagnosis ~28 weeks) and 7-months postpartum revealed a non-significant increase
in MVVPA (mean difference between groups 25.3 minutes per week, P = 0.91) among

intervention participants. However, since PA was not assessed a second time during
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pregnancy, it is unknown if the intervention had any effect on increasing PA during
pregnancy.

Finally, Smith et al. is currently conducting a 10-week community lifestyle program
based on SCT to improve physical and psychological well-being of 400 obese pregnant
women in England (148). Incorporated behavioral change techniques include self-efficacy,
outcome expectations (develop realistic expectations about benefits of behavior change),
feedback on behavior change from health care professionals, positive reinforcement from
health care professionals and other women in the group, and social support. Outcomes of
interest include maternal GWG, self-efficacy, well-being, goal attainment, PA, food intake,
birth weight, mode of delivery, and method of infant feeding at hospital discharge (148).
Therefore, the use of SCT to potentially influence positive behavioral modifications during
pregnancy remains largely to be further explored.

Online source of health information during pregnancy

Utilizing the Internet as a source of information during pregnancy is common and
well-accepted (149-151). Medical providers typically provide general information about
pregnancy in paper handouts or books, but few women report using such sources (22.3% and
11.9%, respectively) (152). Thus, a few studies have evaluated the use of online sources for
health-related information during pregnancy. A Swedish study interviewed 182 women
during their time in the waiting room for prenatal appointments and discovered 91% had
access to the Internet and nearly all of these women (84%) used the internet as a source of
information while pregnant, most often during the early months of pregnancy. Most
participants accessed the Internet at least once a month for this reason, while the median use
among participants was four times per month during pregnancy (151). The most commonly
researched topic was fetal development (59% of women) with childbirth (20%) and nutrition
during pregnancy (18%) as the next two most popular searches. Women were asked to
evaluate how reliable they perceived the information on the Internet and reported the two
most important factors were if the information coincided with other sources and if references
were available. While this study was not conducted in the United States, maternity care is
available via the public-health system in Sweden and is free of charge. Thus, it is reasonable
to believe the sample includes women across a range of socioeconomic status (151).

Furthermore, 72.4% of homes in the US have Internet access (153) and thus similar usage of
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the Internet during pregnancy has been reported in the US. A survey of 293 women in the
Midwest revealed 94% of the respondents used the Internet to retrieve pregnancy related
information, while nearly half (44%) of the women used it for information regarding PA
(154). Women reported an increased confidence to make decisions regarding prenatal PA
and 26% reported increasing their PA as a result, while only 3.8% had decreased their PA.
Eighty-nine percent of women used the Internet at least “somewhat” for information related
to foods eaten during pregnancy and 67% reported increasing fruit and vegetable
consumption. Sixty-one percent changed their beverage of choice and reported drinking less
sugar sweetened beverages, indicating that information retrieved on the internet during
pregnancy influences maternal decisions on PA and dietary choices.

An international survey (placed on 23 websites) designed to deliver general
information on pregnancy, collected responses from 613 women who were currently
pregnant (61.8%), or had a baby in the past year (38.2%), and had used the Internet as a
source of information during pregnancy (152). The purpose of the survey was to determine
why and how pregnant women use the Internet as a source of health information and how this
influences their decision-making. Respondents spanned 24 different countries including, but
not limited to, the United Kingdom (34.4%), Australia (23.8%), US (16%), New Zealand
(9.3%), Canada (9.1%), and Ireland (3.8%). Nearly all women had access to the Internet at
home (96.6%) and used this as their main source of access when viewing web pages (84%).
Most women (60.5%) had access at work but only 15% utilized this source; no participants
accessed the Internet from a public source such as a library or Internet café. The purpose of
using the Internet spanned a wide variety of responses, with most women using it to find
information “on their own” (99.3%), to learn more about a topic provided by their medical
provider (93.8%), or to explore particular symptoms (88.7%). Forty-nine percent used the
Internet to clarify information from a medical provider that was not clear or unsatisfactory
(48.6%), while 46.5% used it to seek information due to the lack of time to ask a medical
provider a question during their appointment. Collectively, this data suggests there are
multiple intentions of using the Internet as a source of information during pregnancy and the
information retrieved from the Internet can influence maternal behavior.

Online interventions As a result of the popularity of the Internet, an increasing

number of interventions have been delivered online (e.g. e-programs, e-interventions).
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Reviews of the literature have reported similar improvements in outcomes from e-studies
compared to face-to-face interventions involving a variety of populations and programs
(132,155-158). Furthermore, web-based programs have been shown to be more cost-effective
than traditional forms of interventions such as clinic, work-site, or phone delivery (159).
Concerns faced by many online interventions include high attrition rates, user adherence
(160), selective enrollment, and selective adherence (161).

Prenatal online interventions An online healthy prenatal lifestyle program was
initiated in Amsterdam and concluded that higher-educated women were more likely to
enroll in the program (47% of participants had obtained higher-education compared to 13%
had not, P = 0.01) as well as more likely to continue to use the program after enrollment than
those who had not completed higher-education degrees (63% vs 45%, P = 0.02) (161).
Similarly, women with a healthier lifestyle were more likely to enroll in the e-program (not
overweight, non-smoking before or during pregnancy, no use of alcohol during pregnancy,
and use of supplemental folic acid), a finding replicated elsewhere in non-pregnant adults
(162). The program was designed to promote a healthy pregnancy and provide links to
reliable websites for information regarding nutrition, exercise, lifestyle, smoking, safety, and
pregnancy. Monthly interactive quizzes were delivered via email to promote access of the
information on the websites. Once an answer to the quiz question was selected, feedback was
provided and a link was given to access a practical tip. Fifty-two percent (n=120/238) of the
women continued to use the program throughout the pregnancy, with the use of the quizzes
gradually declining across pregnancy (61% opened at week 16 of pregnancy vs 29% at week
40). The study reported among quizzes opened, 85% of lifestyle topics were accessed, but
supplementary information (links to related websites) was accessed considerably less
frequently (37% of practical tips and 12% of related websites accessed) and not accessed at
all by most participants (71%). Nulliparous women were more likely to access a
supplementary website than primiparous (39% vs 22%, P = 0.002). Considering the
widespread use of the Internet among pregnant women, the demonstrated impact it has on
changing maternal behavior, and the very limited use of the Internet to deliver interventions
among this population thus far, future interventions should consider an online approach when

working with pregnant women.
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Conclusion

A resolution to the frightening obesity epidemic is necessitated for the health of
future generations worldwide. Excessive gestational weight gain imparts a substantial risk for
maternal postpartum obesity as well as childhood obesity. Pregnancy provides an opportune
time for intervention; women are receiving frequent health care and are more inclined to
make behavioral modifications to optimize the well-being of their unborn fetus. Obstetric
medical providers are hard-pressed for time to discuss diet and exercise with their patients,
and report concerns conversing about gestational weight gain, particularly with overweight
and obese patients. Consequently, pregnant women turn to their peers for advice and social
support, and frequently seek prenatal lifestyle information from the Internet. The National
Physical Activity Plan published in 2010 supports the substantial influence of mass media on
behavior. Specific strategies to increase PA in the United States within this plan include the
encouragement of web-based PA interventions (Mass Media Strategy #7) (163). Pratt et al.’s
review on the implications for technology and changes in PA provide insight into perhaps the
best way to use technology: “few web-based physical activity trials have used program
features specifically matched to theoretical constructs known to result in changes in physical
activity behavior and likely to increase effectiveness” (164). Specifically in pregnancy, a
recent demand for interventions with a behavioral framework has garnered much attention
but resulted in little action and development of new studies (99,123). Furthermore, a recent
systematic review of behavioral interventions designed to improve PA among pregnant
women discovered that of the 777 publications identified in their search, only 9 interventions
fit their search criteria: increase PA as the primary or secondary outcome, randomized-
controlled trial (RCT), inclusion of PA measures at baseline and follow-up, and no use of
mandatory exercise sessions to promote elective, non-mandatory PA among participants.
Perhaps even more striking is the fact none of these 9 interventions included an objective
measure of PA (165). The combination of these two calls to action, web-based PA trials
using behavioral constructs, and prenatal PA interventions focused on a behavioral
framework, and the lack of robust RCT interventions designed to increase PA in pregnancy
lend themselves to a unique and warranted study design. The Blossom Project Online, an
interactive behavioral theory-based website to promote maternal exercise and prevent
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TABLES

Table 1. Descriptive characteristics of study participants at baseline

All Usual care Intervention  P-value

Characteristic n=45 n=21 n=24

Age (years) 206+45 294+49 297+41 0.82
Pre-pregnancy BMI (kg-mz) 264+46 254+45 273146 0.18
No. of pregnancies (including current) 25+14 25+11 25%16 0.97
Parity 12+11 12+10 12+12 0.94
Weekly MVPA pre-pregnancy (minutes) 51 + 59 66 + 69 38 +45 0.12
*Weekly MVPA in pregnancy prior to enroll (minutes) 0 (0-70) 6 (0-79) 0 (0-58) 0.39

* All values are mean £ SD except where noted for non-parametric data presented as median
(IQR). Weekly MVPA was self-reported at enroll.

Table 2. Objective MVPA for both groups at three time points during pregnancy

Baseline
Weeks 10-14 Weeks 24-26 Weeks 34-36
Usual care Intervention Usual care Intervention Usual care  Intervention
n=21 n=24 n=20 n=22 n=18 n=20
MVPA 10-min bouts 71 72 71 141 47 88
(11-183) (36-158) (31-180) (59-214) (16-163) (22-155)
MVPA 20-min bouts 0 32 28 79%" 24 46
(0-100) (0-93) (0-79) (51-161) (0-75) (0-127)
MVPA 30-min bouts 0 0 0 56%" 0 25
(0-31) (0-46) (0-30) (27-123) (0-40) (0-127)

*Significantly different between groups at P < 0.0167 after Bonferroni correction.
"Significantly different within group from baseline at P < 0.05.
All values are median (IQR).
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Table 3. Criteria to establish tertiles of website engagement

Not- Low- Highly-
engaged engaged engaged
Criteria (maximum score possible) n=21 n=8 n=16
Number of log-ins (?) 16+0.6 16+72 43.8+328
Number of goal setting modules completed (2) 00 05+£0.9 16+0.6
Number of problem solving modules completed (?) 00 0.8+0.5 44+34
Number of private journal entries (?) 00 04+0.5 19+26
Number of posts to the community forum (?) 00 1.3+18 3445
*Final score (5) 00 25205 44+05

o0: No limit to the maximum score possible for this category. *The final score was the sum of
the number of categories the participant met the criteria for being "highly-engaged". All
values are mean * SD.

Table 4. Objective physical activity based on tertiles of website engagement

Not- Low- Highly-
engaged engaged engaged
n=21 n=8 n=16 P-value
Minutes of MVPA per week in 10-min bouts 114 + 96 85+ 63 182 + 164 0.13
Minutes of MVPA per week in 20-min bouts *57 £ 63 47+40  *118+102 0.033
Minutes of MVVPA per week in 30-min bouts *27 + 35 29+ 34 *T7T+75 0.016

MVPA: Moderate-vigorous physical activity. Objective physical activity data averaged from
weeks 24-26 and 34-36 of pregnancy. *Significantly different between tertiles, P < 0.05. All
values are mean = SD.
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Figure A. CONSORT Diagram of Recruitment and Enrollment

Assessed for eligibility (n= 216)

Excluded (n=165)
o Not meeting inclusion criteria (n=91)

[ Behavioral intervention ]

v

¢ Did not receive allocated intervention (n=0)

[ Enrollment ]
» o Declined to participate (n=74)
e Other reasons (n=0)
Randomized (n=51)
Y
Usual care ]
v [ Allocation }
Allocated to usual care (n= 25) Allocated to behavioral intervention (n=26)
e Received allocated intervention (n=24) o Received allocated intervention (n=26)
e Did not receive allocated intervention
(Deemed high risk by medical provider; n=1)
v ( Follow-Up 1 v
A\ J
Lost to follow-up (n=1) Lost to follow-up (n=2)
Discontinued intervention (birth defects, lack of Discontinued intervention (n=0)
time; n=2)
v [ Analysis 1 \

J

Analyzed (n=21)
e Excluded from specific physical activity
analyses
o  Week 24-26 SenseWear® Armband: lack
of activity monitor compliance (n=1)
o  Week 34-36: physical activity
management of GDM (n=2); delivery prior
to data collection (n=1)

Analyzed (n=24)
e Excluded from specific physical activity and
website analyses
= Week 24-26: medical physical activity
restriction (n=2);
= Week 34-36: medical physical activity
restriction (n=4)
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Figure B. Screen shot image of the usual care website

*¥ Blossom Tips
Mutrition

Physical Activity
Research overview
Personal Profile

Logout

BossomTips  CortactUs

General lifestyle tips for a healthy pregnancy

This same information is available from your medical provider. If you have additional questions, consult your medical provider,

Nutrition during Pregnancy

Energy or calorie needs will increase during your pregnancy. Generally speaking no additional kilocalories (kcals) are
required during the first rimester however approximately 300 kcals per day are needed during the 2nd trimester. Energy needs
are slightly higher than this in the 3rd trimester.

Read more...

Physical Activity during Pregnancy

Pregnant women with low-risk pregnancies are encouraged to accumulate at least 30 minutes of moderate exercize on most if
not all, days ofthe week, unless discouraged by the medical provider.

Intensity
Moderate exercise means your intensity is kept at a level that allows you to maintain a conversation throughout your entire
EXErCise session.

Read more...

Participants in the usual care group received access to general nutrition and physical
activity tips for a healthy pregnancy (termed Blossom Tips) on the study website. This
information was also provided to women in the intervention group.
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Figure C. Screen shot image of the intervention website

BlossomTips Blossom . Journal Blossom Community ContactlUs
‘- ,Loss 0 Project
Journal Home Hi Example user, did you walk (or exercise) today?

Please answer this question for each calendar day indicating whether or not you walked that day. By clicking on "yes” you will be
directed to the SetMrack Goals page so you can record your activity. By pressing "no”, "MNo Activity Today” will appear in the
calendar box for that day.

Journal Entry

#r Calendar
Tip: Try writing your weekly activities in your planner, or print this calendar and plan your activity (date, time, and location) for
Set/Track Goals each week by writing it on the calendar. Then put it on the refrigerator at home as a reminder.
Activity Resources January 2014
E‘ January |Z| 2014|Z|
Problem Solving
Sun Mon Tue Wed Thur Fri Sat
Personal Profile 1 Yes No 2 Yes No 2 Yes No 4 e No
Logout
Yes N Yes N Yes N 2 Yas N Yes N Yes N Yes N
12 Yes Mo 13 Yes No 4 e Mo 15 Yes No 16 Yes No 17 Yes No 18 Yes No

Women in the intervention had access to this exercise calendar as well as many additional
website features beyond the general tips for a healthy pregnancy) received by the usual care
group (Figure B). Figure C shows the calendar that women used to record their daily
exercise throughout their pregnancy.
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Figure D. Weekly exercise self-reported on website by intervention participants (n=22)
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The dark horizontal line represents 150 minutes, the minimum weekly exercise goal for all
participants from week 19 of pregnancy to delivery. The dark vertical line represents week
19 of pregnancy. Each data line represents one intervention participant’s weekly exercise

pattern throughout the study.
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Figure E. Weekly change from baseline in self-reported exercise minutes per week by

intervention participants (n=22)
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Baseline exercise was self-reported at enroll as usual exercise minutes per week thus far in
pregnancy. The dark horizontal line represents zero minutes in change of exercise from
baseline, thus values along this line would indicate baseline and weekly exercise minutes
were equivalent. The dark vertical line represents 19 weeks of pregnancy. Each data line
represents one intervention participant’s weekly change in exercise compared to her baseline
exercise amount.
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CHAPTER 5: IMPACT OF A BEHAVIORALLY-BASED RANDOMIZED
CONTROLLED TRIAL ON PREVENTION OF EXCESSIVE GESTATIONAL
WEIGHT GAIN AND MATERNAL WEIGHT RETENTION

A paper to be submitted to the journal Medicine & Science in Sports & Exercise

Katie M Smith, Lorraine M Lanningham-Foster, Amy S Welch, Christina G Campbell

Abstract
Objective: To determine if a web-based behavioral intervention can increase physical
activity (PA) to prevent excessive gestational weight gain (GWG) and decrease postpartum
weight retention. Design and Methods: Participants were randomized to usual care (UC;
n=21) or behavioral intervention (Bl-group; n=24) between 10-14 weeks gestation. GWG,
PA and diet were assessed at baseline, 24-26 and 34-36 weeks; weight retention at 1-month
postpartum. Results: Excessive GWG was 42.1%, 82.4%, and 66.7% for normal-weight,
overweight, and obese women, respectively. No differences in GWG, adherence to GWG
recommendations, or weight retention presented between groups. Week 24-26 Bl-group PA
was greater than UC (20-min bouts: 122 + 106 vs 46 + 48 mins/week, P = 0.005; 30-min
bouts: 74 £ 70 vs 14 + 24 mins/week, P < 0.001), and greater for Bl-group at weeks 24-26
compared to baseline (20-min bouts: 61.3 + 21.9; 30-min bouts: 39.6 + 14.8, both P <0.05).
Conversely, at weeks 24-26 Bl-group energy intake significantly increased (336 + 127 kcals,
P = 0.04) and was significantly greater than UC (2503 + 703 vs 1894 + 594, P = 0.005).
Conclusions: A web-based behavioral intervention increased sustained PA. Sedentary
pregnant women should increase PA but may need additional dietary counseling to prevent
excessive GWG.

Introduction
Pregnancy has been referred to as a “teachable moment” for weight control and
obesity prevention (1). Excessive gestational weight gain (GWG) has been shown to increase
maternal (2) and infant (3,4) risk for obesity later in life. Physical activity (PA) during
pregnancy has been repeatedly suggested as one plausible method to reduce excessive GWG

thereby improving maternal and infant outcomes.
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Several studies have focused on prevention of excessive GWG (4,6) with mixed
results while the number of women in the United States exceeding GWG recommendations
continues to rise (7). Therefore, a continued need to develop effective strategies to prevent
excessive GWG and thereby improve prenatal outcomes remains. Recent awareness of using
behavioral theory to elicit behavior change, such as increased PA, has resulted in a call for
prenatal interventions to be based on theory to increase the probability of success (5). The
social cognitive theory (SCT) is a behavior theory that has played a dominant role in health
education for many years (8). This theory directs attention towards the social influences on
behavior and incorporates the cognitive contribution of the individual’s thoughts, motivation
and actions. SCT web-based interventions conducted in non-pregnant adults have shown
favorable weight-management results when incorporating the key strategies of self-efficacy
and social support (9,10). Only a few studies to date have applied SCT in pregnancy
interventions (11,12) however, none of these studies evaluated the effect of increasing
prenatal PA to prevent excessive GWG. Furthermore, only one study has used a behavioral
theory (social learning theory) to fully guide the development of a prenatal intervention (13).
Excessive GWG significantly decreased in the intervention group compared to control (40.2
vs 52.1%, respectively; P < 0.001) in normal weight women, but not among overweight or
obese women (13).

Given the need for behaviorally-focused prenatal interventions to prevent excessive
GWG, the objective of the current randomized controlled trial (RCT) was two-fold: 1)
Determine if previously sedentary women utilizing a web-based behavioral intervention
designed to increase sustained PA would prevent excessive GWG (primary outcome); and 2)
Evaluate the effect of the intervention on maternal weight retention at 1-month postpartum
(secondary outcome). It was hypothesized that mothers receiving access to an interactive
web-based behavioral intervention would achieve appropriate pregnancy weight gain and
retain less weight 1-month postpartum.

Methods

Study participants Fifty-one women (Figure 1) 10-14 weeks pregnant were
recruited and enrolled into a RCT (ISRCTN38498311) between January — September 2013.
The sample size of at least 50 participants was based on GWG data from our previous

observational studies with similar inclusion criteria. This sample size allowed for a
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conservative attrition rate of 20% to yield an adequate sample (n=20) in both groups with
80% power to detect a difference between groups in total GWG of 4.0 kg. Participants were
recruited by local prenatal clinics and a partnering hospital. Additional recruitment strategies
included email list-services, advertisements online, and fliers posted within the community.
At the time of recruitment (10-14 weeks gestation), women self-reported current PA and
usual weekly PA for the last six months prior to conception. Only women with a history of
participating in less than 3 sessions of exercise for 30 minutes or more per week (14) for at
least six months prior to conception were enrolled. Additional inclusion criteria included 18-
45 years old, English speaking, regular internet access, and willing to walk 30 minutes on
most days of the week if asked to do so. Exclusion criteria was defined as a history of
gestational diabetes mellitus (GDM), pre-eclampsia, or chronic disease (e.g. Type 1 Diabetes
Mellitus, heart disease, renal disease), underweight (body mass index (BMI) < 18.5 kg-m?),
smoking during pregnancy, and prevalence of a condition or use of a medication known to
influence overall metabolism. Qualification criteria were confirmed by each participant’s
medical provider. All participants provided written informed consent and the study was
approved by the local Institutional Review Boards.

Maternal anthropometric data Participants completed three, week-long data
collection periods between 10-14 weeks (baseline), 24-26 weeks, and 34-36 weeks of
pregnancy. At each timepoint, participants reported to the research center or partnering
hospital and were weighed, with minimal clothing and without shoes, to the nearest 0.1 kg.
Additionally, height was measured to the nearest 0.1 cm at the enrollment visit. Prior to
randomization, participants self-reported pre-pregnancy weight, age, race, education level,
marital status, number of previous pregnancies, and parity at enrollment (15). Therefore, any
possible effect of misreporting pre-pregnancy weight should be equivalent in both groups.
Gestational age was calculated by ultrasound if completed by time of enrollment, or date of
last normal menstrual period.

Gestational weight gain  Appropriate GWG was defined as the 2009 Institute of
Medicine (IOM) total and weekly weight gain recommendations based on pre-pregnancy
BMI (7). Total GWG was defined as the last weight measured by the research staff between
34-36 weeks gestation minus pre-pregnancy weight. Rates of GWG were calculated at each

timepoint by subtracting pre-pregnancy weight from the measured weight at each data
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collection period, using previously reported methodology (16). Expected GWG was
calculated as follows: expected first trimester total GWG + ([gestational age at time of
weight measurement] — 13 weeks 0 days] * weekly expected weight gain for 2" & 3™
trimesters based on pre-pregnancy BMI). Appropriate GWG was calculated as a range using
the minimum and maximum values of the weekly recommended weight gain range (7).
Adequacy of GWG was then categorized by: inadequate (less than recommended range),
adequate (within recommended range), or excessive (more than recommended range).
Maternal weight retention was calculated by subtracting the woman’s pre-pregnancy weight
from her weight measured at the 1-month postpartum visit.

Physical activity assessment PA was objectively assessed for all participants
wearing the SenseWear® Mini armband (Model: MF-SW) (BodyMedia, Pittsburgh, PA) for
one week (7-consecutive 24-hour periods) at each data collection period (17,18).
SenseWear® files were downloaded using version 8.0 of the BodyMedia software (algorithm
5.2h). A previous version of the SenseWear® algorithm (5.2e) has been shown to predict
energy expenditure well (r=0.93) during mid-pregnancy (19). Further testing of the most
currently available algorithm used in the present study has shown improved agreement and
no systematic bias (unpublished data, Campbell).

Participants were instructed to wear the SenseWear® Mini armband 24-hours per day
during each monitoring period except when showering or swimming. Activities performed
when the monitor was not worn were documented in a PA record. PA records revealed eight
women participated in aquatic exercise; PA for aquatic activity was filled in at an appropriate
intensity specific to the activity (e.g. water walking, freestyle lap swim, or water aerobics)
listed in the 2011 Compendium of Physical Activities (20). A unique feature of the
SenseWear® Mini armband is its ability to detect when it is worn, allowing researchers to
evaluate nonwear time. A valid week of armband use was considered less than 500 minutes
of nonwear time per week as previously reported (21). After including aquatic activity, five
participants exceeded 500 minutes of nonwear time, all of which occurred during sleep
according to the PA record. Therefore, an equivalent amount of sedentary time was filled in
to match activity conducted during nonwear time.

The following PA data were analyzed: total number of accumulated MET-minutes,
sedentary (< 1.5 METS), light (1.6-2.9 METS), and moderate -vigorous (> 3.0 METS)
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physical activity (MVPA) per week, and weekly number of minutes in MVPA performed in
at least 10-, 20-, and 30-minute bouts. A code was written for Microsoft Office Excel to
evaluate sustained bouts of PA. Interruptions of 1 or 2 minutes below the moderate threshold
within a 10-minute bout were allowed (22).

Dietary intake assessment All participants completed a weighed 3-day diet record
during each data collection period (two week-days and one weekend day). Dietary records
were analyzed with Nutritionist Pro™ (Axxya Systems, Stafford, TX). Intake data from the
three days were averaged to provide estimated daily intakes of total calories, carbohydrate,
protein, and total fat. The Healthy Eating Index (HEI)-2010 (24) was used to assess diet
quality according to the 2010 Dietary Guidelines for Americans (25). Furthermore, this tool
assesses diet quality on a per calorie basis, thus is appropriate for use in pregnancy (24) when
recommended caloric intake increases over time. The maximum score for the HEI-2010 is
100; an overall HEI score above 80 is considered ‘good’, while a score of 50-80 ‘needs
improvement’, and scores below 50 are considered poor (26). To identify individuals that
may have reported implausible dietary intake data, a ratio of average daily energy intake to
energy expenditure was calculated. A ratio of <0.80 was used to identify under-reporters as
previously reported (27); these data were not used in the analyses (n=2) unless the woman
gained less than the recommended GWG. In this case, her data was retained to help explain
any possible dietary relationship to GWG (n=3).

Behaviorally-based intervention Participants were randomized (using
computerized random numbers) to usual care or behavioral intervention following the
completion of baseline data collection between 10-14 weeks gestation. Participants and
research staff were blinded to the randomization assignment until the baseline data collection
was completed. Due to the nature of the study design, participants were not blinded once they
were informed of their randomization. Participants were then provided access to the SCT-
based website with a username and password. Participants receiving usual care could only
view general prenatal diet and PA recommendations while intervention participants had
access to all of the website features including the diet and PA recommendations, exercise
goal-setting modules, problem-solving modules, a journal, a calendar to track all exercise
through delivery, and a community forum to interact with other participants in the behavioral

intervention (social support). Intervention participants were instructed to gradually work up
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to > 150 minutes of moderate PA/week (in > 10-minute bouts) by week 19 gestation and
sustain at least this amount until delivery.

Statistical analyses Data are reported as mean + SD and group comparisons were
made by independent sample t-tests. All results were adjusted with a Bonferroni correction
for multiple comparisons where applicable. Statistical significance was accepted at the level
of P < 0.05. Stepwise and multiple regression were used to evaluate predictors of GWG and
maternal weight retention. Group randomization assignment was forced into the models to
explore if group assignment explained any variation in either outcome. Preliminary statistical
analyses were conducted by a statistician who was blinded to the randomization assignment.
Statistical analyses were conducted in MedCalc version 13.1 (MedCalc Software,
Mariakerke, Belgium) and JMP Pro 11.0.0 (SAS Institute Inc., Cary, NC).

Results

Descriptive characteristics No differences in demographic characteristics were
found between groups (Table 1). The majority of participants were married (82.2%, n=37),
Caucasian (88.9%, n=40), and had at least a 2-year post-secondary degree (77.8%, n=35).

Diet and physical activity Diet and PA group comparisons are reported in Table 2.
Intervention participants consumed a significantly greater number of calories at weeks 24-26
than usual care (P = 0.005). To further evaluate this finding, a repeated measures ANOVA
was conducted to evaluate any change in caloric intake across pregnancy (overall F-statistic
=4.72, P = 0.014). While average daily caloric intake did not change across pregnancy for
usual care, a significant increase among intervention participants was present from baseline
to weeks 24-26 (336 £ 127 kcals, P = 0.04). Diet quality scores ranged from 28.7-76.2 and
26.4-86 at baseline for usual care and intervention, respectively, while diet quality scores at
weeks 24-26 ranged from 33-87.6 and 29.1-82 and weeks 34-36 from 40-82.4 and 28.8-71.6,
respectively. No difference in diet quality was present between groups at any timepoint and
HEI scores did not significantly change across pregnancy.

No differences between groups were evident for MET-minutes, sedentary, light, and
MVPA minutes accumulated throughout the week, while sustained MVPA in bouts was
greater among intervention participants (Table 2). Total accumulated MET-minutes
significantly decreased among usual care from baseline to weeks 34-36 (1234 + 372 MET-

minutes, P = 0.013). No change was observed in any MVPA bouts across pregnancy for
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usual care, while 20-minute bouts (61.3 + 21.9 minutes) and 30-minute bouts (39.6 + 14.8
minutes) significantly increased from baseline to weeks 24-26 in the intervention (P < 0.05
for both).

Gestational weight gain and weight retention Excessive total GWG occurred in
62.2% of all participants. Overweight women were most likely to exceed the IOM
recommendations for GWG (82.4%), followed by obese women and normal weight women
(66.7% and 42.1%, respectively). Rates of GWG, total GWG, and adherence to Institute of
Medicine GWG recommendations were not significantly different between groups (Table 3).

No differences were observed between usual care and the behavioral intervention for
weight retention (3.9 £ 5.4 vs 5.3 £ 5.7, P = 0.67) and percent of pre-pregnancy weight
retained at 1-month postpartum (5.6 £ 6.9vs 7.3+ 7, P = 0.42).

During step-wise regression, group randomization assignment was forced into the
model to explore if group assignment explained any variation in GWG (P = 0.35). Significant
predictors of total GWG (percent of weight gained of total IOM recommendation at weeks
34-36) based on step-wise regression analyses were percent of IOM recommendation gained
at week 24-26 (P < 0.0001), average energy intake per day between weeks 34-36 (P = 0.02),
and accumulated MVPA at baseline (P < 0.05). MVPA sustained for at least 30-minutes at
weeks 24-26 improved the model prediction and was included in the final model (final model
P < 0.0001) (Table 4). Diet quality did not enter the model at any timepoint during the step-
wise regression.

Group randomization assignment was also forced into a separate model to explore if
group assignment explained any variation in weight retention (P = 0.75). Significant
predictors of weight retention based on step-wise regression analyses included percent of
weight gain of total IOM recommendation at weeks 34-36 (P = 0.002) and pre-pregnancy
BMI (P < 0.001) (final model P < 0.0001; Table 4). PA or diet variables did not enter the
model at any timepoint during the step-wise regression.

Discussion

Findings from this RCT supported that a web-based behavioral intervention
significantly increased sustained PA, yet the amount of activity performed by women in this
intervention was not sufficient to prevent excessive GWG or improve weight retention.

Although more MVVPA was conducted in sustained 20- and 30-minute bouts among
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intervention participants (compared to control), total accumulated MVPA and accumulated
MET-minutes (an indicator of total PA) did not change across pregnancy. Thus, it is unlikely
that exercise-associated energy expenditure increased enough to prevent excessive GWG if
overall PA was the same.

Additionally, a significant increase in caloric intake among women in the intervention
may partially explain the greater GWG and thus postpartum weight retention in this group. It
may be possible that women in the intervention experienced greater hunger due to increased
MVPA and thus consumed more calories, or chose to eat more calories knowing they were
doing more activity as a result of the intervention. Though the reason for increased caloric
intake in the intervention group cannot be identified in the present study, these findings
highlight the importance of maternal diet along with PA for optimal GWG.

These findings have several clinical implications for obstetric patient care and obesity
prevention. It is important to note that GWG counseling was not provided in this intervention
(e.g. no participants received GWG guidelines, individualized GWG charts, feedback on
GWG, etc.). This approach was used to evaluate if a web-based behavioral intervention
designed to increase intentional MVPA in previously sedentary pregnant women could also
prevent excessive GWG, independent of additional counseling methods. While the website
successfully and significantly increased sustained MVPA during pregnancy, additional
strategies may need to be incorporated into clinical practice and communicated to pregnant
women to promote favorable GWG, and prevent obesity for mother and child. Such
strategies may include a higher volume of MVPA than performed in this study, dietary
modifications, GWG counseling techniques as previously mentioned, or a combination of
these strategies. It is plausible that such strategies could be effectively included as part of a
multi-behavior web-based intervention, but further research would be needed to ascertain the
effectiveness of such interventions for pregnant women.

In terms of behaviorally-based interventions, only one other study has developed its
intervention on a behavioral theory (social learning theory) and reported significantly
decreased excessive GWG between intervention and control (40.2 vs 52.1%, P < 0.001) (13).
This study was only effective in normal weight women and GWG was based on the 1990
IOM recommendations. Relative to other PA interventions without dietary modifications or
GWG counseling, Barakat et al. (28) reported a significant decrease in GWG between
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exercise and control groups (11.9 kg vs 13.9 kg, P = 0.03). This study, conducted in Spain,
made no reference to specific GWG recommendations beyond a notation that GWG in the
exercise group was considered “normal for a healthy pregnancy”. Several key differences
exist between the study conducted by Barakat et al. and the current study. The exercise
sessions in the Barakat study included walking, core work, stretching, and very light
resistance training three times per week and were conducted in a hospital clinic in groups of
10-12 participants monitored by a fitness specialist and obstetrician. The current study was
conducted via a website that required elective, non-monitored sustained PA and did not
include any supplemental contact by research staff. While the website featured an interactive
community to foster social support among intervention participants, women had the choice of
whether or not to use this feature and thus the level of accountability may not have been
equivalent to that of showing up to a group exercise session three times per week. Secondly,
it is not clear if women in the Barakat study were participating in considerable amounts of
PA prior to pregnancy. If so, women may have been more likely to participate in PA during
pregnancy (29). All women in the current study were sedentary for at least six months prior
to pregnancy and may have had additional barriers to overcome to regularly engage in
sustained PA compared to the women in the Barakat study. One specifically unique feature to
both studies was the early initiation and extended length of the interventions. Baraket et al.
started between 6-9 weeks of pregnancy and continued through weeks 38-39 of pregnancy
while the current study enrolled participants between 10-14 weeks of pregnancy and
continued to delivery. Additionally, Barakat et al. reported 90% adherence to training among
the exercise group. Collectively, these studies contribute valuable findings to inform future
PA interventions designed to promote appropriate GWG.

Haakstad and Bo (30) also reported an interesting finding related to adherence during
an exercise intervention. Their exercise program consisted of supervised aerobic dance and
strength training for 60 minutes, at least twice per week for a minimum of 12 weeks, but did
not result in significantly improved prevention of excessive GWG between groups. However,
none of the women that attended all 24 exercise sessions exceeded the 2009 IOM GWG
recommendations demonstrating that exercise and PA volume as well as adherence to PA
intervention protocols are important factors to consider when determining effectiveness of

PA to prevent excess GWG.
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Haakstad and Bo’s finding on prevention of excessive GWG and adherence to
exercise sessions was also true for improved maternal weight retention. No differences in
pregnancy weight retention were found overall between the exercise and control groups yet
women in the exercise group that attended all 24 exercise sessions retained significantly less
weight than controls (0.8 £ 1.7 kg vs 3.3 + 4.1 kg, P =0.001). Postpartum weight
measurements were conducted between 6-12 weeks following delivery, compared to the
current study measurements completed at 1-month postpartum, making it difficult to compare
effectiveness between the studies relative to weight retention.

To our knowledge, this is the first study to report on the use of the HEI-2010 in
pregnancy. Shin et al. used the HEI-2005 to conduct a cross-sectional study using NHANES
data from 490 women and tested the hypothesis that diet quality during pregnancy is
associated with adequate GWG (defined by the 2009 IOM guidelines) at different stages of
pregnancy (31). After adjusting for age, trimester of pregnancy, race/ethnicity, education,
marital status, income, daily supplement use, PA, and pre-pregnancy BMI, HEI-2005 scores
did not differ significantly (P = 0.15) across GWG groups (inadequate, adequate, or
excessive GWG). However, inadequate intake of total vegetables and oils were associated
with excessive GWG (OR 2.8, Cl 1.2-6.4, P = 0.02). Similarly, overall diet quality was not a
significant predictor GWG in the current study.

There are many strengths to the current study. Only women with a history of a
sedentary lifestyle for six months prior to pregnancy were enrolled to control for pre-
pregnancy PA. Pre-pregnancy PA is a strong significant predictor of PA during pregnancy
(29). This minimized the variation in PA between groups outside of the intervention itself.
Secondly, while dietary modification was not an intent of this study, both groups completed
3-day weighed diet records at each time point to control for multiple variables in maternal
diet. Some evidence suggests self-monitoring dietary intake may result in a change in dietary
intake (32,33); however, the change would be expected to be similar in both groups. The
current study observed a significant increase in caloric intake between baseline and weeks
24-26 among intervention participants. Coincidently, this is also the time point when MVPA
in 20- and 30-minute bouts were significantly greater than baseline levels. The increase in
caloric intake may partially explain the greater GWG present among intervention participants

compared to usual care. In a study evaluating the effect of a low- and moderate intensity
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exercise program on GWG in normal weight women, no differences were seen between
groups in GWG or caloric intake (34). Both groups received the same meal plan and
nutritional counseling to provide a nutritional control. No difference in GWG was surprising
due to the increased energy expenditure among the moderate intensity exercise group yet
similar total energy intake. Two possible explanations were provided: 1) a reduction in light
and moderate activity beyond exercise (NEAT, non-exercise activity thermogenesis) in the
higher intensity group; 2) An increased energy intake due to an increased exercise-induced
energy deficit among moderate-intensity exercisers but underreporting of actual calories
consumed. Several other prenatal PA interventions (without dietary modifications) that
assessed GWG were either not successful in preventing excess GWG compared to controls
(30,35,36) or did not assess GWG relative to recommendations (e.g. adequacy of GWG) (37-
40). Therefore, the independent role of PA to prevent excess GWG has been poorly
understood (41-43) but compliance with the PA program and lack of dietary assessment are
likely to explain much of this variation (44). To our knowledge, the current study is the first
to report an unintentional increase in caloric intake during a prenatal PA intervention
designed to prevent excessive GWG. These findings may provide valuable insight as to why
other studies evaluating only PA have not witnessed a favorable effect on GWG.

While a large hospital network within a metropolitan area was used to help recruit
participants and increase sample diversity, it is important to recognize the limitations of the
current study. The majority of the participants enrolled in the study were Caucasian, married,
and had some form of post-secondary education. While the sample population was reflective
of the general population where the study was conducted, the findings may not be
representative of all pregnant women. The sample was also a convenience sample; it is
possible there was an underlying motivation among all participants to make positive lifestyle
modifications during pregnancy. This may have influenced the ability to detect differences
between groups. To better control for this, baseline assessments were completed prior to
randomization to evaluate if any changes were present in behavior (e.g. PA and diet) across
pregnancy. Secondly, this study was powered to find a difference in GWG of 4.0 kg between
groups. A larger sample size would have been necessary to detect a smaller difference in
GWG between groups; however, the intervention group experienced greater GWG than usual

care thus a larger sample size would only have increased the likelihood of finding a
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significant difference in GWG in the opposite direction of the expected findings. We did not
detect any differences in maternal weight retention between groups but the study was not
powered to do so; therefore, the sample size may not have been appropriate to detect such a
finding. Finally, while we did not use a block randomization design to assure equal BMI
distribution in both groups, we did normalize GWG according to the IOM recommended
weight specific to each woman’s gestational length at the time weight was measured. Given
that obese women were more likely to exceed IOM GWG recommendations than normal
weight women, the distribution of excessive GWG among groups may have been influenced.
Future study designs will incorporate the findings of this pilot study to develop a larger
intervention appropriately powered to detect multiple outcomes and standardize BMI in each
group.

In conclusion, the web-based behavioral RCT did not prevent excessive GWG despite
a significant increase in intentional, sustained moderate-vigorous physical activity. Average
caloric intake significantly increased in the intervention group. As a result, the amount of
total activity performed by women in the intervention group was not sufficient to prevent
excess gestational weight gain alone, possibly due to the significant increase in calorie
consumption. Given the benefits of prenatal physical activity, this should be a regular topic
of discussion between clinicians and pregnant women without contraindications to exercise,
with referral to registered dietitian nutritionists for additional diet counseling.
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