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Abstract

Objective—To examine the effect of an individually-tailored, motivationally-matched prenatal
exercise intervention on gestational diabetes mellitus (GDM) and other measures of glucose
intolerance among ethnically diverse prenatal care patients at increased risk for GDM.

Methods—The Behaviors Affecting Baby and You Study randomized eligible women at a mean
(SD) of 18.2 (4.1) weeks gestation to a 12-week individually tailored, motivationally matched
exercise intervention or a comparison health and wellness intervention. The goal of the exercise
intervention was to achieve the American College of Obstetricians and Gynecologists guidelines
for physical activity during pregnancy. Diagnosis of GDM, impaired glucose tolerance (IGT),
abnormal glucose screen, and screening glucose values (mg/dL) were abstracted from medical
records. A sample size of 352 women (176 per group) was planned to have 80% power to detect
reductions in risk of 35% or larger.

Results—From July, 2007 to December, 2012, a total of 251 (86.5%) women completed the
intervention; n=124 and 127 in the exercise and comparison interventions, respectively. Based on
an intention-to-treat analysis, no statistically significant differences between the intervention
groups were observed; the relative odds of GDM in the exercise group was 0.61 (95% Confidence
Interval [C1] 0.28-1.32) as compared to the health and wellness comparison group. Odds ratios for
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IGT and abnormal glucose screen were 0.68 (95% CI 0.35-1.34) and 0.86 (95% CI 0.51-1.47),
respectively. The intervention had no effect on birth outcomes.

Conclusion—In this randomized trial among ethnically diverse pregnant women at increased
risk for GDM, we found that a prenatal exercise intervention implemented in the second trimester
did not result in a statistically significant reduction in relative odds for GDM, IGT, or abnormal
glucose screen.

Introduction

Gestational diabetes mellitus (GDM) is one of the most common complications of
pregnancy with a prevalence rate varying from 1-20% depending on the population studied
and diagnostic criteria applied (1, 2). Women with histories of GDM have elevated
cardiovascular disease risk factors including higher blood pressure, triglyceride levels, and
lower HDL (3) as well as a 7-fold risk for type 2 diabetes (4).

A meta-analysis of observational studies among healthy pregnant women found a 24%
reduction in odds of GDM (95% CI 0.70-0.83) among women reporting higher levels of
exercise in early pregnancy (5). However, a meta-analysis of randomized trials found no
significant difference in GDM risk between exercise intervention and control groups
(RR=0.91, 95% CI: 0.57-1.44) (6). The majority of these trials were conducted among non-
Hispanic white women. This is critical as Hispanics are the largest minority group in the
U.S. and have the highest birth rates (7). Hispanics are half as likely as non-Hispanic whites
to meet the American College of Obstetricians and Gynecologists (ACOG) guidelines for
pregnancy physical activity (8, 9) and are more likely to develop GDM (10) and type 2
diabetes (11).

Therefore, we conducted a randomized trial of an individually- tailored, motivationally-
matched exercise intervention among an ethnically diverse group of pregnant women at
increased risk for GDM. We hypothesized that participants in the exercise intervention
would have a lower risk of GDM, impaired glucose tolerance (IGT), abnormal glucose
screen, and lower screening glucose values as compared to a health and wellness control
intervention.

Materials and Methods

The Behaviors Affecting Baby and You (B.A.B.Y.) study was a randomized controlled trial
of an exercise intervention to prevent the development of GDM in pregnant women at
increased risk. Details of the study design have been published elsewhere (12). The
B.A.B.Y. study was based in the ambulatory obstetrical practices of Baystate Medical
Center, a large tertiary care facility in Western Massachusetts which serves an ethnically and
socio-economically diverse population. Health educators pre-screened eligible patients from
2007 to 2012 using demographic and medical characteristics provided on a daily roster of
scheduled patients to generate a list of potential participants. Interviews were conducted in
Spanish or English (based on patient preference).
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Women were considered eligible for the study if they were in their first trimester of
pregnancy, between the ages of 16 and 40, and at increased risk for GDM defined as either:
1) overweight/obese (pre-pregnancy BMI=25 kg/m?) with a family history of diabetes or 2)
a diagnosis of GDM in a prior pregnancy defined according to the American Diabetes
Association criteria (13). Exclusion criteria were the following: 1) contraindications to
participating in moderate physical activity, 2) inability to read English at a 6! grade level, 3)
self-reported current participation in >30 minutes of moderate or vigorous intensity exercise
on more than 3 days/week, 4) diagnosis of diabetes outside of pregnancy, hypertension,
heart disease, or chronic renal disease, 5) use of current medications that adversely influence
glucose tolerance, or 6) nonsingleton pregnancy. All women signed a written informed
consent and the study was approved by the Institutional Review Boards of the University of
Massachusetts Amherst and Baystate Medical Center. A total of 251 participants met these
criteria (n=124 in the exercise and n=127 in the health and wellness group) and were
enrolled at a mean (SD) of 11.8 (3.3) weeks gestation (interquartile range [IQR] 9.3 to 13.1)
(Figure 1).

Eligible women were block randomized based on age group (<30 or >30 years), pre-
pregnancy BMI (=25 kg/m? or <25 kg/m?), and ethnicity (Hispanic or non-Hispanic) into
either an exercise intervention group or a comparison health and wellness intervention.
Block randomization factors were selected based on the strength of their association with
GDM as well as their anticipated prevalence in the study population. The intervention was
designed to encompass a 12-week time period, as that was the calculated average time
between randomization and GDM screen. Women were not blinded to their assigned
intervention group.

The intervention commenced with one in-person session with a health educator who
administered a tailoring questionnaire and set behavioral goals. Neither the exercise nor the
health and wellness intervention groups received a dietary intervention. However,
counseling was routinely provided to all prenatal care patients at Baystate regarding the
Institute of Medicine Guidelines for appropriate nutrition and weight gain in pregnancy (14).

The intervention drew from the trans-theoretical model (15) and social cognitive theory (16)
constructs for physical activity which account for the individual’s stage of motivational
readiness for change as well as the processes that help facilitate that change. The
intervention took into account findings by our research group on the specific social, cultural,
economic, and environmental challenges faced by women of diverse backgrounds (17).

The overall goal of the exercise intervention was to encourage pregnant women to achieve
ACOG guidelines for physical activity during pregnancy; that is, 30 minutes or more of
moderate-intensity physical activity on most days of the week (8). Specific activities were
self-selected and included dancing, walking, and yard work. Weekly goals were to increase
time spent in moderate intensity physical activity by 10% to safely progress towards the
overall activity goal. Participants were provided a digital pedometer as a motivational tool
and an activity diary to encourage self-monitoring.
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At the baseline visit, health educators administered a 65-item tailoring questionnaire which
assessed current stage of motivational readiness for physical activity adoption, self-efficacy,
decisional balance, use of cognitive and behavioral processes of change, and time spent in
physical activity. In light of responses to this questionnaire, health educators discussed
barriers and facilitators to adopting physical activity. A stage-matched manual targeting the
specific stage of motivational readiness to adopt physical activity was then given to the
participants. These manuals described the benefits of physical activity, tips for stretching,
building social support, goal setting, and strategies for overcoming barriers to physical
activity.

Participants’ progress toward their behavioral goals was assessed via follow-up tailoring
questionnaires which were mailed monthly (at 4, 8, and 12 weeks post-randomization) with
a postage paid return envelope. Based upon responses to these questionnaires, individually
tailored reports were generated and also mailed monthly to the participant along with the
corresponding stage-matched manual. Each tailored report described the individual’s current
stage of motivational readiness for becoming active, mediators for physical activity (i.e. self-
efficacy, benefits and barriers for physical activity, cognitive and behavioral processes),
normative feedback, and feedback regarding progress towards physical activity goals since
prior assessment. Monthly booster telephone calls also provided individualized feedback as
well as reviewed participants’ progress toward their behavioral goals. Additionally, tip
sheets were mailed weekly for the first 4 weeks of the intervention and then every other
week thereafter.

The overall goal of the health and wellness intervention was general health and wellness
during pregnancy instead of issues related to physical activity. This intervention group
received tips sheets and telephone booster calls on the same contact schedule as the exercise
group which controlled for contact time while keeping the content of the two interventions
distinct. Specifically, after completion of the initial tailoring questionnaire, the health
educator focused on such topics as alcohol and drug use during pregnancy, easing back pain,
and travel during pregnancy. A series of ACOG informational booklets on these topics was
mailed to the participants weekly during the first four weeks and then biweekly thereafter.
These booklets were selected to represent high-quality, low-cost self-help material currently
available to the public. A follow-up tailoring questionnaire was mailed at week twelve.
Monthly booster telephone calls provided an opportunity for participants to ask questions
about the materials they received.

Baystate obstetric practices routinely screen all prenatal care patients for GDM in mid-
pregnancy at the recommended range of 24 and 28 weeks of gestation using a 50 g, 1-hour
glucose tolerance test (OGTT). Those with 1-hour plasma glucose values >135mg/dL were
defined as having abnormal glucose screen and underwent the diagnostic 3-hour OGTT.
Diagnosis of GDM was defined as 2 or more elevated values at fasting, and 1, 2, and 3
hours, based on the American Diabetes Association criteria of 95, 180, 155, and 140 mg/dL,
respectively (18). Diagnosis of impaired glucose tolerance (IGT) was defined as exceeding
one or more elevated values at fasting, and 1, 2, and 3 hours, respectively, and was inclusive
of GDM. Recent studies designed to identify the diagnostic threshold between maternal
hyperglycemia and adverse perinatal outcomes have observed a consistent, continuous

Obstet Gynecol. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nobles et al.

Page 5

increase in risk of adverse pregnancy outcomes over the range of maternal blood glucose
levels, even at degrees not diagnostic of GDM (19). Therefore, we also evaluated the 50g
OGTT screening glucose value as a continuous outcome. Diagnoses were confirmed by the
study obstetrician who reviewed the medical records of each suspected case.

Information on adverse birth outcomes were abstracted from medical records. Low birth
weight was defined as <2500 grams and preterm birth as <37 weeks gestation. Small-for-
gestational-age (SGA) was defined as <10 percentile for gestational age at birth and large-
for-gestational-age (LGA) was defined as >90th percentile for gestational age at birth based
upon standard reference values (20).

Sociodemographic factors, including age, ethnicity, education, annual household income,
marital status, living situation (e.g., with a spouse or partner), and the number of adults and
children in the household were collected at the time of enrollment via standardized
questionnaires. Health behaviors included early-pregnancy alcohol consumption and
cigarette smoking. Medical factors included parity, personal history of GDM, and family
history of diabetes. Pre-pregnancy weight and height and gestational weight gain were
abstracted from the medical record. If pre-pregnancy weight was missing from the medical
record (n=3, 1%), it was based upon self-reported weight collected at the time of enrollment.

The first 20% of participants completed a satisfaction survey at the end of follow-up that
assessed the acceptability and feasibility of the intervention. The satisfaction survey was an
adapted version of the consumer satisfaction questionnaire that has been used across
multiple trials (21, 22) streamlined with an emphasis on assessing barriers to participation
and comfort with study activities.

All analyses were carried out using an intent-to-treat approach. Chi square tests or Fisher’s
Exact tests were used to compare the distribution of socio-demographic, medical history
characteristics, and health behaviors between the intervention groups at baseline. Logistic
regression was used to assess the effect of the intervention on GDM, IGT, and abnormal
glucose screen. Unadjusted and adjusted odds ratios (OR) and 95% confidence intervals
(Cls) were computed. Linear regression was used to assess the effect of the intervention on
screening glucose values. Beta coefficients, standard errors, and p values were computed.

We a priori chose to evaluate age (<30 years, =30 years), ethnicity (Hispanic, non-
Hispanic), pre-pregnancy BMI (<30 kg/m?%>30 kg/m?) and parity as potential effect
modifiers by including multiplicative interaction terms in the multivariable models and
assessing their statistical significance at p<0.1 using likelihood ratio chi-square tests.
Finally, because baseline education level and parity differed significantly between
intervention groups, these factors were included in subsequent multivariable models. As
gestational weight gain may be on the causal pathway between physical activity and GDM,
we also compared gestational weight gain between the intervention groups.

Finally, we conducted several sensitivity analyses. First, we conducted a sensitivity analysis
according to the dose of intervention, defined as the length of time the intervention was
administered. We then conducted sensitivity analyses to take into account adherence to the
study protocol. Adherence was defined in two ways. First, we compared participants who
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were adherent to the exercise intervention, defined as meeting ACOG guidelines for
physical activity at the time of the GDM screen, to all participants in the health and wellness
group. Secondly, we defined adherence as the number of returned completed tailoring
questionnaires in each intervention arm.

We a priori projected that 30% of women at the study site would meet the inclusion criteria
of a history of GDM in a prior pregnancy and, based on prior literature, have an expected
GDM recurrence rate of 50% (23, 24, 25). We anticipated that 50% of women would meet
the inclusion criteria of BMI >30kg/m?2 and a family history of diabetes and would have an
expected GDM incidence rate of 15.5% (26). Lastly, we projected that 20% of women
would meet the inclusion criteria of BMI >25-<30kg/m? and a family history of diabetes
and would have an expected GDM incidence rate of 11%. These figures result in a weighted
incidence rate of GDM of 25%. Based on this incidence rate, a sample size of 352 would
have the ability to detect reductions in risk of 35% or larger (i.e., an odds ratio of 0.65) with
statistical significance based on a 0.05 two-sided significance level. For screening glucose,
we had 80% power to detect a clinically significant mean difference as small as 5.99 ng/mL
based on a standard deviation of 20 mg/dL (27).

Based upon prior literature available when the B.A.B.Y. Study was designed (28, 29, 30),
achieving ACOG guidelines in the exercise arm by the time of GDM screen would require
that the intervention lead to an increase in 3.8 MET-hours/week of recreational activity
which represented 0.19 of a standard deviation or a “small effect” according to Cohen’s
effect size (31). In practical terms, this translated to an additional hour per week or 10
minutes per day of brisk walking.

A total of 290 women were randomized to the exercise intervention (n=143, 49%) or to the
health and wellness comparison group (n=147, 51%) at a mean (SD) of 18.2 (4.1) weeks
gestation (IQR 15.0 to 21.9) (Figure 1). Overall, the majority of participants were young
(49.0% <25 yrs. of age), Hispanic (60.2%), and obese (62.2%) (Table 1). While 75.4% were
unmarried, 62.8% reported living with a partner. There were no statistically significant
differences between the intervention groups in any sociodemographic characteristic, medical
history characteristic (including personal history of GDM, p=0.22), or health behavior with
the exception of education and parity (Table 1). Specifically, the exercise group was more
likely to have post-high school levels of education (p=0.03) and be nulliparous (p=0.01) as
compared to the health and wellness group.

Retention to GDM screening did not differ significantly between the 2 groups (86.7% in the
exercise group vs. 86.3% in the health and wellness group). The GDM screen took place at a
mean (SD) of 28.1 (2.9) weeks gestation (IQR 26.9, 29.4) and also did not differ between
intervention groups (p=0.78). A total of 12.4% (n=31) of participants developed GDM,;
9.7% of women (n=12) in the exercise group as compared to 15.0% (n=19) in the health and
wellness group (Table 2). In an intent-to-treat analysis, the relative odds of GDM in the
exercise group was 0.61 (95% Confidence Interval [C1] 0.28-1.32) as compared to the
health and wellness group. After adjusting for education and parity, the findings were
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essentially unchanged (OR=0.60, 95% CI 0.27-2.32). Given the high risk of GDM among
women with a personal history of GDM, we also repeated this analysis adjusting for this
variable; findings were slightly attenuated (OR 0.74; 95% CI 0.33, 1.65). Restricting to
participants with no personal history of GDM resulted in an odds ratio of 0.65 (95% CI 0.27,
1.58).

Findings for IGT were of similar direction and magnitude with the exercise group having a
lower odds of IGT as compared to the health and wellness group, but not statistically so
(OR=0.68, 95% CI 0.35-1.34) (Table 2). In terms of abnormal glucose screen, findings
were of similar direction but further attenuated; the exercise arm had a relative odds of 0.86
of developing abnormal glucose screen as compared to the health and wellness group (95%
Cl 0.51-1.47). Adjustment for education and parity did not substantively alter findings for
either IGT or abnormal glucose screen. In terms of the effect of the intervention on
continuous 50g OGTT screening glucose values, the exercise group had, on average, a 1.95
mg/dL lower screening glucose value as compared to the health and wellness comparison
group although this was not statistically significant (p=0.61) (Table 2). We found no
statistically significant differences in total gestational weight gain (3=—1.08+2.71 pounds,
p=0.69) or gestational weight gain up to the time of GDM screen (3=-0.98+SE 2.18 pounds,
p=0.65) in the exercise group compared to the health and wellness group.

We evaluated age, ethnicity, pre-pregnancy BMI, and parity as effect modifiers of the effect
of the exercise intervention on glucose outcomes. Only the likelihood ratio test for the
Hispanic ethnicity interaction term was less than p=0.1. Among non-Hispanic white women,
the effect of the intervention on GDM (OR=0.38, 95% CI 0.13-1.12) and IGT (OR=0.39,
95% CI 0.15-1.01) remained non-significant (Table 3). In contrast, findings among Hispanic
women were attenuated and close to the null value (i.e., for GDM: OR=0.88, 95% CI 0.29-
2.68). A significant difference between groups was noted on the continuous 50g OGTT
screening glucose values for non-Hispanic white women in the exercise intervention group
as compared to the health and wellness group (mean [SD]: —6.65 [6.40] vs. —0.33 [4.80]
mg/dL, p=0.029).

We then conducted a sensitivity analysis according to the dose of intervention. The mean
(SD) intervention dose was 9.9 (4.7) weeks (IQR 6.4, 13.1). The odds of GDM did not differ
according to dose of intervention; women who received 10 or more weeks of the
intervention (72%) had an odds of GDM of 0.62 (95% CI 0.23-1.68) as compared to women
who received less than 10 weeks of intervention (28%) (OR=0.60; 95% CI 0.18-2.07).
Findings also did not differ for IGT or screening glucose value.

We then conducted a sensitivity analysis according to adherence to the study protocol. First,
we compared the 62.1% of participants in the exercise arm who met the ACOG guidelines
for physical activity during pregnancy at the time of GDM screen to the entire health and
wellness comparison group; the relative odds of GDM was 0.76 (95% CI 0.33-1.79).
Secondly, we defined adherence as returning completed tailoring questionnaires in each
intervention arm. There were no significant differences between the exercise arm (41% of
the women complied with this protocol) and the health and wellness group (49%, p=0.21).
Finally, based upon findings from the satisfaction survey, participants (95%) reported being
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satisfied with the amount of information received and 86% reported finding the study
materials interesting and useful.

The incidence of adverse birth outcomes including low birth weight, preterm birth, small
and large for gestational age, and cesarean section did not differ significantly between the
exercise group and the health and wellness group (Table 4). Similarly there were no
differences in continuous birth weight or gestational age values between the intervention
groups.

Discussion

In this randomized trial among ethnically diverse pregnant women at increased risk for

GDM, we found that an individually-tailored motivationally-matched exercise intervention
implemented in the second trimester did not result in a statistically significant reduction in
GDM, IGT, or abnormal glucose screen. The intervention had no effect on birth outcomes.

Our findings for the impact of the exercise intervention on GDM are consistent with a recent
meta-analysis by Yin et al. which concluded that evidence was insufficient to suggest that
physical activity during pregnancy might be effective in lowering the risk of GDM (6). Of
the trials which also evaluated the effect of exercise interventions on other measures of
glucose intolerance, two found a beneficial effect on screening or fasting glucose values (32,
33) while the remainder found no effect (34, 35, 36, 37, 38). Consistent with the majority of
these studies, we did not find a statistically significant effect of the exercise intervention on
other measures of glucose intolerance.

There are several explanations for the observed findings. It is possible that a beneficial effect
of exercise on GDM prevention may be limited to women who participated in vigorous
intensity activity prior to pregnancy and continued some activity into early pregnancy (5).
For example, a meta-analysis of observational studies demonstrated that greater total
physical activity before or during early pregnancy was significantly associated with a lower
risk of GDM, with the magnitude of the association being stronger for pre-pregnancy
physical activity (5). In contrast, only one trial began the intervention in the first trimester
(32) and, similarly in our study, only 16.8% of participants began the intervention prior to
14 weeks gestational age.

In the current study, a likely reason for the lack of statistically significant results is
insufficient statistical power. While our study was powered to detect odds ratios of 0.65 or
smaller this was based on an anticipated enrollment of 352 eligible participants. In contrast,
290 eligible participants were recruited and 251 participants completed follow-up. In
addition, the projected percentage of participants with a personal history of GDM, and
therefore at highest risk of GDM recurrence, was lower than expected resulting in fewer
cases. However, our observed effect size of 0.6 was similar to a recent meta-analysis of
observational studies regarding physical activity and GDM (5), suggesting that an
appropriately powered study might find a significant effect.

Another reason for the lack of statistical significance could be that the exercise goals were
too modest to have an effect on GDM prevention, or lack of adherence with the exercise
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goals may have diminished any potential effect on GDM development (6). Prior studies
have found compliance rates ranging from 16.3% (36) to greater than 95% (33, 39).
However, studies with higher compliance rates did not consistently show a greater reduction
in GDM incidence. In the current study, the dose of intervention was, on average, 10 weeks
gestation which may not have sufficiently impacted behavior change. However, in our
recently published paper evaluating the effect of the exercise intervention on change in
activity in the B.A.B.Y. Study, the exercise intervention group increased their sports/
exercise activity from a mean (SD) of 7.9 (11.2) to 13.1 (11.4) MET hours/week while the
health and wellness group increased their sports/exercise from 6.7 (7.8) to 7.0 (9.1) MET
hours/week. The difference in change between groups (5.3 vs. 0.3) was statistically
significant, p=0.002). In addition, the exercise group was more likely to achieve ACOG
guidelines for physical activity as compared to the health and wellness group (odds ratio =
2.12; 95% confidence interval = 1.45, 3.10) (40). However, it is important to note that
ACOG guidelines were not developed to specifically address GDM prevention. A recent
review has estimated that increasing energy expenditure to a minimum of 16 MET-hours/
week (equivalent to approximately one hour of moderate activity on 5 days of the week)
may be required to reduce the risk of GDM (41). This is challenging, as pregnancy is a time
during which levels of exercise generally decline even among women who were active
before pregnancy.

In summary, we found that a prenatal exercise intervention did not have a statistically
significant effect on GDM and other measures of glucose intolerance in high-risk ethnically
diverse women. However, the high prevalence of pregnant women at risk for GDM and the
growing rates of obesity in this population underscore the need for further research on
possible interventions that can prevent GDM.
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Figure 1.
Flow diagram for the Behaviors Affecting Baby and You Study, 2007-2012.
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