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ABSTRACT

ACCELEROMETER MEASUREMENTS OF PHYSICAL ACTIVITY IN

PREGNANT ADOLESCENTS

In adult women, physical activity during pregnancy, assessed objectively with
accelerometry, has been related to less excess gestational weight gain and better health outcomes
for mother and child. Objectively-measured physical activity has not been reported in pregnant
adolescents, and it is unclear to what extent accelerometers are feasible in this group of young
women who are at very high-risk for social-emotional challenges and excess gestational weight
gain. The main purpose of the current thesis project was to investigate the feasibility of using
accelerometers to objectively quantify physical activity in pregnant adolescents. The second aim
was to explore the associations of physical activity with pregnant adolescent health
characteristics including pre-pregnancy body mass index (BMI; kg/m?), first-trimester weight
(kg), depression symptoms, emotional eating, and loss-of-control eating. Participants were N =
28 15-19 year old patients, 12-18 weeks gestation, obtaining prenatal care at a multidisciplinary
adolescent pregnancy clinic. Physical activity was assessed with GT3-X wrist-worn
accelerometers for 7 days to assess average moderate-vigorous physical activity (MVPA) per
day, percentage of time spent in MVPA, daily average sedentary bouts, percent of time spent
sedentary, average step counts, and maximum step counts. Feasibility was determined as median
days of wear time equal to or exceeding 4 out of 7 days (of >10 hours of wear time per day).
Adolescents reported pre-pregnancy weight/height to compute pre-pregnancy BMI; first-

trimester weight was assessed from measured weight. Depression symptoms and emotional
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eating were assessed with validated self-report questionnaires. Presence of loss-of-control eating
was evaluated by interview. In addition to reporting statistical significance (p < .05), strength of
bivariate associations were described as moderate (» > .40) and large (» > .60), given the pilot
nature of the study. Results indicated that the median days of valid wear was 5 days, and 59.3%
of pregnant adolescents met criteria for valid wear. Adolescents who did not have valid
accelerometer reported heavier pre-pregnancy BMI (28.63 + 6.75 kg/m? vs. 23.55 £ 5.21 kg/m?,
p = .04), with no other significant differences. Among pregnant adolescents with valid data (N =
16), there was an inverse, moderate association of average MVPA per day with depression
symptoms (7 = -.44 p = .09). In conclusion, there were mixed results for the feasibility of
accelerometry in pregnant adolescents. In order to increase wear time compliance in this
population, particularly for heavier adolescents, more incentives are required. Finally, results
from this study suggest that the connection between pregnant adolescents’ physical activity and

depression warrants exploration in future research.
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INTRODUCTION

Although adolescent (<20 years) birth rates have declined in the United States over the
past 20 years, the 2017 national birth rate of 194,377 babies born remains much higher than in
other industrialized countries (Centers for Disease Control and Prevention [CDC], 2019).
Adolescents in the United States are two and a half times more likely to give birth than
adolescents in Canada, and American adolescents are four times more likely to give birth than
German adolescents (Kearney and Levine, 2012). Further, there are serious health disparities as
adolescent pregnancy disproportionately affects racial/ethnic minority adolescents from
disadvantaged socioeconomic contexts (Hodgkinson, Beers, Southammakosane, & Lewin,
2014). For instance, in 2017, there were 18.8 births for every 1,000 adolescent women ages 15-
19 years overall, but up to 27.5 births for every 1,000 Black/African American teenagers and
28.9 births for every 1,000 Hispanic/Latino teenagers (CDC, 2019).

Excess gestational weight gain, and the strong, concomitant risk it carries for
intergenerational transmission of obesity, is a major health concern in adolescent pregnancy
(Zamora-Kapoor & Walker, 2015). The Institute of Medicine recommends that lean mothers
(body mass index [BMI] 18.5-24.9 kg/m?) gain 25-35 pounds during pregnancy, women with
overweight (BMI 25-29.9 kg/m?) gain 15-25 pounds, and women with obesity (BMI >30 kg/m?)
gain 11-20 pounds (American College of Obstetricians and Gynecologists, 2013). However,
according to the CDC, an estimated 48% of pregnant females, gain more weight than
recommended during pregnancy (Hamilton, Martin, Osterman, & Curtin, 2015). Consistent with
data in adult women (Mamun et al., 2010), excess gestational weight gain appears to be

deleterious for adolescent mothers’ and their offspring’s future well-being (Oken, Rifas-Shiman,



Field, Frazier, & Gillman, 2008). Excess gestational weight gain promotes maternal postpartum
weight retention and has been related to offspring’s greater risk of health problems such as
obesity and cardiometabolic disease (Shapiro et al., 2017).
Developmental Timing of Excess Gestational Weight Gain in Adolescent Pregnancy.
Excess gestational weight is particularly troubling when timed during the developmental
period of adolescence for a number of reasons. Excess gestational weight gain is associated with
increased medical complications in pregnancy, such as a pregnancy-induced hypertension,
gestational diabetes mellitus, macrosomia, birth canal tear, and cesarean section (Oken et al.
2008; Monleon et al., 2015; Vivatkusol et al., 2017). Compared to adult mothers, adolescent
mothers overall have an increased risk of preeclampsia and preterm labor, which may be further
heightened with excess gestational gain (Vivatkusol et al., 2017). Also, adolescence is a
sensitive developmental period for weight trajectories due to the increased psychosocial and
behavioral risk factors of this age group and the likelihood that health behaviors established
during adolescence influence lifetime pathways of obesity and cardiometabolic disease (Jasik &
Lustig, 2008). In addition, the physiological and metabolic changes involved in puberty,
including normative gains in adiposity and pubertal insulin resistance, may contribute to excess
weight gain in non-pregnant adolescents (Jasik & Lustig, 2008). Consequently, the combination
of becoming pregnant and experiencing excess gestational weight gain during adolescence has
high potential to adversely influence adolescents’ weight and metabolic health. Regardless of
pre-pregnancy BMI, adolescent mothers whose gestational weight gain exceeds the
recommendations of the Institute of Medicine are 4 to 5 times more likely to have obesity 10
years post-pregnancy than those whose weight gain is within the recommendations (Groth, 2008;

Mamum et al., 2010). Whereas mothers, in general, retain weight during pregnancy to provide



adequate nutrients for the developing child, adolescents also have higher fat acquisition than
adults, with accompanying changes in metabolism and increased insulin resistance (Chu,
Callaghan, Bish, & D’Angelo, 2009; Jasik & Lustig, 2008). Pregnancy in adolescents can
therefore exacerbate increases in fat deposition that normally characterize puberty (Hediger,
Scholl, & Schall, 1997). These developmental phenomena may increase pregnant adolescents’
potential for excess gestational gain, propagating an intergenerational transmission of obesity
and cardiometabolic disease (Monledn et al., 2015).
Context of Psychosocial and Behavioral Challenges in Adolescent Excess Gestational
Weight Gain

There are frequent psychosocial and behavioral challenges that complicate adolescent
pregnancy and have likely contributed to making pregnant adolescents an understudied group
with respect to understanding gestational weight gain. Many pregnant adolescents have
experienced trauma, with some estimates suggesting up to 50% (Leplatte, Rosenblum, Stanton,
Miller, & Muzik, 2012). Major adverse life events such as abuse, domestic violence, poverty,
homelessness, and loss are also common (Hodgkinson et al., 2014). Moreover, internalizing
symptoms such as depression and anxiety as well as externalizing symptoms such as delinquency
and aggression are common in adolescents who become pregnant and carry to term (Hodgkinson
et al., 2014). A greater likelihood of cumulative, serious adverse life events is associated with
increases in non-pregnant adolescents’ depression symptoms (Ford, Elhai, Connor, & Frueh,
2010), and depression symptoms, in turn, have been related to more excess weight gain in non-
pregnant adolescents, pregnant adolescents, and adult pregnant women (Blaine, 2008; Groth,

Holland, Kitzman, & Meng, 2013).



Adolescence can be designated as an important transitional phase in development with
periods of rapid physical development, relationship and role transitions, and identity discovery
(Graber & Brooks-Gunn, 1996; Wise, 2015). Puberty, on average, lasts about 2 years in females
from the age of pubertal onset to the advent of menarche, with earlier onset of puberty leading to
a longer duration of puberty than in those with later pubertal onset (Marti-Henneberg &
Vizmanos, 1997). Yet, current perspectives on adolescence suggest that this age period spans
the initiation of puberty, through sexual maturation, and up to age 25 years, when self-regulatory
capacities have neared maturity and social and economic independence have been achieved
(Steinberg, 2014). Reproductive transitions, like puberty, are time periods in which a woman’s
physiological system can be more influenced by stressors (Graber & Brooks-Gunn, 1996).
These transitions involve hormonal changes, which likely magnify the influence of social-
environmental stressors on adolescent behavior and health (Graber & Brooks-Gunn, 1996).
Moreover, when pregnancy occurs during adolescence, girls are frequently unprepared socially,
emotionally, economically, and/or psychologically for being a parent (Vivatkusol et al., 2017).
Thus, the cumulative stress of reproductive transitions at puberty combined with the reproductive
transition of pregnancy may contribute to further increasing psychosocial challenges of pregnant
adolescents (Graber & Brooks-Gunn, 1996). Understanding potentially modifiable health
behaviors that relate to excess gestational weight gain in adolescent pregnancy is critical to the
design of preventative interventions in this high-risk population. One such health behavior is
physical activity.

Physical Activity and Gestational Weight Gain
Physical activity in adult pregnancy is increasingly recognized as an important

contributor to healthy gestational weight gain (Streuling et al., 2011). Studies have demonstrated



that walking, moderate-to-vigorous physical activity (MVPA), and total activity during adult
pregnancy are associated in observational studies with a lower likelihood of mothers having
excessive gestational weight gain (Stuebe, Oken, & Gilllman, 2008). Regular activity, such as at
least 30 minutes per day of MVPA, in pregnancy has been associated with a host of mental and
physical benefits such as improved mood, less excess weight gain during pregnancy, improved
cardiovascular function, decreased risk of developing gestational diabetes, and less weight
retention in the postpartum (Poyatos-Leon et al., 2016; Sanda et al., 2017). Indeed, physical
activity is recommended for at least 150 minutes per week in pregnancy (Centers for Disease
Control, 2015; Sanda et al., 2017). Unfortunately, in individuals who are insufficiently active
prior to pregnancy, physical activity levels during pregnancy tend to decline further (Sanda et al.,
2017).

Most studies of physical activity in pregnancy focus on adults rather than adolescents. In
national, community samples of adolescents, studies show that more than 80% of adolescents do
not meet the recommended daily physical activity guidelines for youth to achieve at least 60
minutes per day of MVPA intensity (Centers for Disease Control, 2015; Cradock,

Kawachi, Colditz, Gortmaker, & Buka, 2009; U.S. Department of Health & Human Services &
Council on Sports, 2017). Further, total physical activity actually declines during the adolescent
years, particularly in females, and thus, this pattern presents a particular challenge when
combined with pregnancy (Webber et al., 2008). The American College of Obstetricians and
Gynecologists (2015) recommends that pregnant adolescents participate in a minimum of 30
minutes per day of daily moderate physical activity (i.e., equivalent to brisk walking). Although
there have been previous studies that have used self-reported measures of physical activity

(Whisner et al., 2014), there are virtually no published studies objectively quantifying physical



activity patterns in pregnant adolescents measured with accelerometers, yet preliminary data
from a couple of very small reports point to a majority having insufficient activity measured with
pedometers (Behrens, Bradley, Kirby, & Nanney, 2012; Rockette-Wagner et al., 2017).

Physical activity in pregnancy and its relationship to offspring outcomes. Physical
activity during pregnancy may affect metabolic outcomes for pregnant women and also affect the
likelihood of obesity in their offspring (Hayes, Bell, Robson, & Poston, 2014). Studies have
suggested that women who participate in routine exercise during pregnancy are more likely to
give birth to infants within a healthy weight range than women who do not exercise (Hopkins,
Baldi, Cutfield, McCowan, & Hofman, 2010). Furthermore, physical activity during pregnancy
also affects the risk of gestational diabetes, which has important immediate and longer-term
implications for the developing fetus. In particular, mothers who develop gestational diabetes
can adversely impact their offspring’s risk for experiencing excess fetal growth, developing
childhood obesity, and even future type 2 diabetes (Shapiro et al., 2017). Activity characteristics
in pregnancy such as time spent sedentary also have been positively associated with an
offspring’s increased risk of obesity at the 8 years of age (Mourtakos et al., 2015). These
collective studies suggest that engaging in healthy physical activity before and during pregnancy,
and limiting sedentary time, have the potential to improve mothers’ glucose metabolism and fetal
environment, which may in turn reduce the risk for offspring obesity and risk factors for
cardiometabolic disease.

Measurement of Physical Activity

Instruments to objectively measure physical activity, such as accelerometers, are crucial

for accurately quantifying and studying the role of physical activity in weight and associated

health outcomes (Schuster, Kokic, & Sindik, 2016; Scott et al., 2017). In contrast,



questionnaires are an alternate method frequently used to assess physical activity.
Questionnaires are an easy and low-burden method to obtain information from pregnant women
about physical activity; however, they may not provide the most comprehensive and valid
assessment of physical activity during pregnancy (Schuster et al., 2016). There have not been
studies comparing self-report versus accelerometery in this pregnant adolescents, yet
unfortunately, it is highly likely that surveys of physical activity in this population would carry
similar biases. In contrast, accelerometers have the potential to be used as a method to reduce
self-report biases, and they are also highly supported with validation of their accuracy of
physical activity measurements in both non-pregnant adolescents and in pregnant women
(Schuster et al., 2016). Accelerometers have been determined to be suitable for pregnancy in
adults due to their relatively non-invasive nature (van Hees et al., 2011).

Despite previous studies concerning pregnant adults and separately, non-pregnant
adolescents, to our knowledge, physical activity has not yet been objectively measured with
accelerometers in pregnant adolescents (Poyatos-Leon et al., 2016). Measurements of physical
activity using accelerometry may or may not be feasible for pregnant adolescents and should be
determined. The increased psychosocial challenges that pregnant adolescents face are likely to
influence their compliance, wear time practices, and investment in research, requiring an
assessment of the feasibility of accelerometry in pregnant teenagers. Therefore, the first aim of
the current study was to explore the feasibility of using accelerometry to objectively measure
pregnant adolescent physical activity.

Exploring Associations with BMI and Other Health Behaviors
Pregnant adolescents typically have many psychosocial issues that contribute to

considerable difficulty in studying this at-risk group of young women (Leplatte et al., 2012).



Moreover, it is critical that we test methods to accurately characterize the health behaviors of
pregnant adolescents, as no prior studies have researched objective measures of physical activity
nor its associations with physical and mental health indices in this group. Therefore, the second
aim of the study was to investigate the associations of pregnant adolescent physical activity with
clinical characteristics important for gestational weight gain including pre-pregnancy BMI, first-
trimester weight, depression symptoms, emotional eating, and loss-of-control eating.

Pre-pregnancy BMI and first-trimester weight. Past literature suggests that
accelerometry-measured physical activity characteristics in pregnant women have been
associated with pre-pregnancy BMI and first-trimester weight (Herring et al., 2012). Therefore,
similar associations were expected to be observed in pregnant adolescents.

Depression symptoms. Depression is highly common in non-pregnant adolescents and
even more prevalent in pregnant adolescents (Center for Behavioral Health Statistics and
Quality, 2017; Hodgkinson et al., 2014). For example, in 2016, approximately 2.2 million
adolescents in the United States exhibited at least one major depressive episode (Center for
Behavioral Health Statistics and Quality, 2017). In the pregnant adolescent literature, estimates
of depression prevalence range from 16-44%; however, these estimates are limited due to small
samples (Szigethy, 2001). Past studies in adult pregnancy have suggested that women’s higher
self-reported depression and stress are associated with less physical activity engagement
(Mouchacca, Abbott, & Ball, 2013). Thus, we anticipated a similar association of depression
and physical activity in adolescent pregnancy. Exploring the association of depression symptoms
to physical activity in pregnant adolescents is important because depression may influence
gestational weight gain, through physical activity as well as through overeating patterns,

including emotional eating and loss-of-control eating.



Overeating behaviors. One common overeating behavior in adolescents is emotional
eating, which refers to eating in response to negative emotions (Faith, Allison, & Geliebter,
1997). Emotional eating is relatively common in adolescents and predicts excess weight gain in
non-pregnant adolescents, particularly in combination with a propensity for uncontrolled eating
(Stojek et al., 2018). In theory, emotional eating may be particularly important in this population
because pregnant adolescents frequently face social-emotional adversities and many experience
depression symptoms during pregnancy that could be anticipated to trigger emotional eating in
an effort to cope (Vandewalle, Moens, & Braet, 2014).

Another related, but distinct, overeating construct is loss-of-control eating, which refers
to a subjective sense of lack of control while eating any amount of food (American Psychiatric
Association, 2013). Loss-of-control eating is common in adolescents who have overweight or
obesity, affecting up to 50% of teenagers seeking intervention for weight management
(Tanofsky-Kraff et al., 2014). In pregnant women, 28% report loss-of-control eating before or
during early pregnancy (Kolko, Emery, Marcus & Levine, 2017). Loss-of-control eating patterns
have not been articulated in adolescent pregnancy, in spite of the potential importance of this
construct for excess gestational weight gain. For instance, compared to those who do not report
loss-of-control eating, non-pregnant adolescents who experience of loss-of-control eating have a
greater risk of having excess weight/adiposity and of excessive weight gain over time (Shomaker
et al., 2010; Tanofsky-Kraff et al., 2007). There has been increasing, recent interest in
understanding the overlap among health behaviors, such as eating behavior and physical activity
together, rather than studying health behaviors in isolation (Thivel et al., 2019). Therefore, we

sought to explore the relations of physical activity characteristics to emotional eating and loss-of-



control eating and anticipated that there would be inverse associations with activity and positive
associations with sedentary time.
Current Study

The primary purpose of this master’s thesis project was to investigate the feasibility of
using accelerometers to objectively quantify physical activity in adolescents who are pregnant.
Feasibility was determined through adolescents’ wear time, with the primary criterion being that
median days of wear would equal or exceed 4 out of 7 days of at least 10 hours per day of wear.
Further, we predicted that a minimum of 70% of pregnant teenagers would have valid data, using
this wear criterion (i.e., at least 4 out of 7 days with 210 hours/day). These thresholds were
based upon Van Coevering and colleagues’ (2005) and Hesketh and colleagues’ (2018) studies
on using accelerometers to measure physical with adolescents and pregnant women,
respectively. It was hypothesized that accelerometers would be feasible according to these
criteria. The second purpose of this project was to explore the associations of physical activity,
measured via accelerometry, with core characteristics relevant to gestational weight gain.
Specifically, we characterized the associations of pregnant adolescents’ physical activity patterns
with pre-pregnancy BMI, first-trimester weight, depression symptoms, emotional eating, and
loss-of-control eating. It was hypothesized that physical activity characteristics, including
average MVPA per day, percentage time spent in MVPA, average step counts, and maximum
steps would be inversely associated with pre-pregnancy BMI, first-trimester weight, depression
symptoms, and overeating behaviors, and whereas daily average sedentary bouts and percentage

time spent sedentary would be positively related to each of these characteristics.
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METHODS

Participants

Recruitment and sampling procedures. Purposive sampling was utilized to recruit
expectant adolescent mothers receiving prenatal care at the Colorado Adolescent Maternity
Program (CAMP) clinic at Children's Hospital Colorado. For the purposes of this project,
baseline data from N = 28 pregnant adolescents recruited to take part in a pilot study for
prevention of excess gestational weight gain were examined. Research staff approached all
potentially eligible pregnant adolescents enrolled in the CAMP clinic at their first obstetrics
appointment to determine if they would be interested in volunteering in a research study
designed to help expectant adolescent mothers gain a healthy weight for themselves as well as
their baby. If adolescents were interested in participating, they were scheduled for a screening
visit at the CAMP clinic to determine sustained interest and study eligibility that included
measures of age, location of prenatal care, gestational weeks, BMI, and physical and mental
health.

Eligibility and characteristics. Participants were eligible if they were (i) expectant
mothers 13-19 years of age, (ii) enrolled as patients in the CAMP clinic, (iii) estimated to be 12-
18 gestational weeks at the time of enrollment, and (iv) had a pre-pregnancy BMI >5' percentile
for age and sex. Exclusion criteria included (i) current psychiatric concerns that necessitated
more intensive treatment and would interfere with compliance (e.g., active suicidal ideation,
bipolar disorder, panic disorder, obsessive-compulsive disorder, alcohol or substance abuse or
dependence, conduct disorder, psychosis, anorexia nervosa, and bulimia nervosa), (ii) medical

and high-risk pregnancy conditions (e.g., gestational diabetes, bariatric surgery, cancer,
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refractory hypertension, and preeclampsia), and (iii) use of medication that affects insulin
sensitivity, weight gain, or mood (e.g., insulin sensitizers, anti-depressants, or mood stabilizers).
Procedures

All procedures were approved by the Colorado Multiple Institutional Review Board, the
University of Colorado’s Scientific Advisory Research Council, and the Research Institute of
Children’s Hospital Colorado. A screening visit was scheduled with interested volunteers at the
CAMP clinic at a time that was convenient for the participant, often adjacent to an obstetrics
prenatal appointment. At this visit, the study was described in detail and interested adolescents
provide consent. As adolescents are emancipated minors in Colorado State Law, adolescents
under 18 years were permitted to consent for themselves without a parent/guardian. At this visit,
surveys and interviews were administered, height and weight were collected to compute BMI
metrics, and adolescents reported on pre-pregnancy height and weight using a standard protocol
to estimate pre-pregnancy BMI (Kabir, Sheeder, & Stevens-Simon, 2008). They were fitted with
an accelerometer on a non-dominant wrist and were directed to wear the device for 7 days during
the day and while sleeping. The device was then collected after at least 7 days of wear at a
return visit. Adolescents were compensated for completing the clinic screening visit. However,
due to the pilot nature of this study, they were not given additional incentives for accelerometry
wear, and they were paid for their effort to complete the clinic screening appointment regardless
of whether they subsequently wore the accelerometer.
Measures

Physical activity by accelerometer. Physical activity was measured through ActiGraph’s
GT3-X accelerometer worn on the non-dominant wrist, which has been validated in non-

pregnant adolescents, non-pregnant adults, and pregnant adults (Crouter, Flynn, & Bassett, 2015;
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Jaeschke, Steinbrecher, Jeran, Konigorski, & Pischon, 2018; Rousham, Clarke & Gross, 2006).
Although physical activity may vary weekly, this measurement has demonstrated good week-to-
week reliability for habitual physical activity when measured over a one to two-week period
(Jaeschke et al., 2018). After raw data were downloaded, the ActiLife software package was
used to convert raw data into a specific epoch necessary for analysis. Wear-time compliance was
obtained through the ActiLife software (Crouter et al., 2015). In order to have valid, usable data,
wear-time compliance must have been at least 4 days within a 7-day period of time. In
individuals with valid data, physical activity was expressed as average MVPA minutes per day,
percentage time in minutes spent in MVPA (of total valid days), average length of sedentary
bouts in minutes per day (indicating the length of time spent in sedentary sessions), percentage of
time in minutes spent sedentary (of total valid days), average step counts (average number of
steps performed per minute), and maximum step counts (maximum number of steps performed
per minute) using Freedson cutpoints (Freedson, Melanson, & Sirard, 1998). Maximum step
counts from waist worn monitors are typically used as a proxy of physical function (Tudor-
Locke et al., 2019). Participants did not complete a log for sleep time.

Body measurements. Height was measured three times to the nearest millimeter by
trained research staff using a stadiometer. Weight was measured to the nearest 0.1 kg by a
calibrated electronic scale. BMI was calculated with the participant’s weight (kg) divided by the
height (m) squared. The following formula was used: weight (kg)/ [height (m)]? (CDC, 2014).
We also calculated BMI z-score and percentile based upon CDC 2000 growth charts.
Participants also were asked to recall their height and weight prior to pregnancy, and self-
reported height and weight were used to compute pre-pregnancy BMI (raw, z-score, and

percentile) (Kabir et al., 2008).
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Depression symptoms. The Center for Epidemiologic Studies Depression Scale (CES-D)
is a well-validated continuous measure of depression symptoms (Radloff, 1977). This survey
has been validated in pregnant adolescents (Kabir et al., 2008). This survey has a total of 20
questions that are each scored on a Likert scale from “0” (rarely or none of the time, less than 1
day) to “3” (all of the time; 5-7 days), with items such as “I was bothered by things that usually
don’t bother me.” The total score is calculated as the sum of all items. Higher total score values
indicate greater depression symptomatology.

Overeating patterns. Two measures of overeating were administered. First, the Emotional
Eating Scale adapted for Children and Adolescents (EES-C) is a reliable and valid self-report
survey for adolescents that was used to measure eating in response to three subcategories of
feelings: depression, anxiety/anger/frustration, and fatigue/boredom (Tanofsky-Kraff et al.,
2007). The EES-C has a total of 25 self-report items scored on Likert scale from “0” (I have no
desire to eat) to “5” (I have a very strong desire to eat). Participants read the prompt, “We all
react to different feelings in different ways. Some types of feelings make us want to eat. Please
let us know how much the following feelings make you want to eat by selecting the appropriate
box.” An example feeling is “resentful.” The total score is calculated from the average of items
for the respective scales. Higher scores indicate a greater desire to eat in response to these
negative feelings (Tanofsky-Kraff et al., 2007). Second, trained research staff administered the
Eating Disorder Examination (EDE) — Overeating Section version 12.0 (Bryant-Waugh, Cooper,
Taylor, & Lask, 1996; Fairburn & Cooper, 1993). This semi-structured interview assesses
episodes of overeating. Consistent with past literature (Rizvi, Peterson, Crow, & Agras, 2000),
responses were used to categorize adolescents as having a presence or absence of loss-of-control

eating in the past month.
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Pregnancy information. Gestational age of pregnancy and other pertinent medical and
psychiatric complications were obtained from the patient’s medical chart. These characteristics
were necessary in order to determine the initial eligibility of the participant as well as to develop
a baseline understanding of pregnancy stage and current mental and physical health status in
order to rule out exclusionary criteria.

Data Analysis

Analyses were performed using IBM SPSS Statistics 25. To address the main aim of
feasibility of accelerometers in pregnant adolescents, descriptive information was generated to
describe the median number of valid days and the percentage of adolescents who met validity
criteria for wear-time. In addition, for descriptive purposes, average MVPA per day, percentage
of time spent in MVPA, daily average sedentary bouts, percentage time spent sedentary, average
step counts, and maximum step counts were calculated to explore the variations physical activity.
Independent samples t-tests and chi-squared tests were used to compare adolescents who did and
did not have valid accelerometry data on other study characteristics in order to explore whether
any differences existed between these two categories.

To address the secondary aim regarding exploratory associations of physical activity with
health characteristics, bivariate correlations were used to evaluate the associations of physical
activity indices (average MVPA per day, percentage time spent in MVPA, daily average
sedentary bouts, percentage time spent sedentary, average step counts, and maximum step
counts) with pre-pregnancy BMI indices, first-trimester weight, depression symptoms, and
emotional eating. The correlations with adolescent age, gestational age, and race/ethnicity (0 =
Hispanic/Latino or Black/African American race/ethnicity, 1 = other) also were described.

Independent samples t-tests were used to explore differences in physical activity dimensions

15



between pregnant adolescents with and without reported loss-of-control eating. Statistical
significance was determined as p < .05. In addition, large correlations, determined as » > .40 also

were discussed, regardless of statistical significance, given that this study was pilot in nature.
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RESULTS

Preliminary Analyses

Twenty-eight pregnant adolescents 15 to 19 years of age, M = 17.68 years, SD = 1.02,
participated in this study. The majority of participants (75.0%) were of Hispanic/Latino or
Black/African American race/ethnicity. Baseline demographic and anthropometric
characteristics of the sample are provided in Table 1.

Primary Aim: Feasibility of Accelerometry in Pregnant Adolescents

Median number of wear time days for the total sample was 5 out of 7 days, with a range
of 0 to 7. Of the 28 participants, 16 (59.3%) had valid accelerometry data, referring to at least 4
out of 7 days of >10 hours/day of wear time. Of note, all participants who wore the device (N =
16) wore it for a minimum of 5 days; whereas the participants who did not have valid data (N =
12), all had 0 days of valid wear. One participant had 0 days of wear time because the device
was not returned; all other adolescents returned their device.

Compared to adolescents with valid accelerometry data, those without valid data reported
higher pre-pregnancy BMI (M = 28.63, SD = 6.75 kg/m? vs. M = 23.55, SD = 5.21 kg/m?, p =
.04). There were no significant differences in baseline wear compliance versus non-compliance
by race/ethnicity, adolescent age, gestational age, first-trimester weight, depression symptoms,
emotional eating, or loss-of-control status.

Among pregnant adolescents who had valid wear time data, descriptive information for
average MVPA per day, percentage time spent in MVPA, daily average sedentary bouts,
percentage time spent sedentary, average step counts, and maximum step counts are presented in

Table 2. On average, pregnant adolescents exceeded the recommended guidelines of 30 minutes
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of MVPA per day in pregnancy and 60 minutes of MVPA per day in non-pregnant adolescents
without outliers (M = 103.53, SD = 59.71 minutes). Of the participants with valid data, 81.3%
met or exceeded the recommended guidelines for physical activity, and 18.8% did not meet these
activity guidelines.

Associations of Physical Activity with BMI, Depression, and Overeating

Table 3 summarizes the results from the Pearson correlations that examine cross-
sectional associations of adolescent age (years), race/ethnicity (Hispanic/Latino or Black/African
American race/ethnicity versus other; dummy coded 0 = Hispanic/Latino or Black/African
American race/ethnicity, 1 = other), gestational age (weeks), pre-pregnancy BMI (kg/m?), first-
trimester weight (kg), depression symptoms, emotional eating, average MVPA per day,
percentage time spent in MVPA, daily average of sedentary bouts, percentage time spent
sedentary, average step counts, and maximum step counts.

There were no statistically significant associations between physical activity and key
health characteristics of interest. There was a trend-level, inverse moderate-size association
between pregnant adolescents’ average MVPA per day and depressive symptoms (r = -.44; p =
.09), meaning that higher MVPA tended to be related to lower depressive symptoms.

In terms of other demographic/pregnancy characteristics, adolescent age showed
moderate bivariate associations with a number of dimensions of physical activity. Specifically,
there was a significant negative association between average MVPA per day and pregnant
adolescents’ age, such that older adolescents engaged in less MVPA (r = -.49; p = .05).
Likewise, percentage time spent in MVPA was inversely associated with adolescent age (» = -
.55; p=.03). In addition, there was a significant positive and moderate association between

percentage time spent sedentary and adolescent age such that older adolescents spent more time
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sedentary (r = .51; p = .04). Last, there was a trend-level moderate association between average
step counts and adolescent age (» = -.46; p = .07), indicating that older adolescents tended to
have lower average step counts.

The results also indicated a negative association of daily average sedentary bouts and
race/ethnicity, such that adolescents of Hispanic/Latino or Black/African American
race/ethnicity had fewer sedentary bouts per day than adolescents of Other race/ethnicities (r = -
.55; p=.03). Furthermore, there was a positive, trend-level and moderate association of average
step counts and baseline gestational age (r = .47; p = .06), such that the further along in
gestational age, the greater adolescents’ average step counts.

Table 4 shows the differences in study characteristics by loss-of-control eating status.
Forty percent of adolescents endorsed loss-of-control eating. Adolescents who had loss-of-
control eating were older than those who did not endorse loss-of-control eating (M = 18.38, SD =
0.52 years versus M = 17.40, SD = 1.05 years, p = .02). There were no other significant or trend-

level differences by loss-of-control eating status.

19



Table 1. Descriptive Information for Study Participants

Characteristic Mean (SD) or % (n) Range
Age, years 17.68 (1.02) 15.00 — 19.00
Race/ Ethnicity

Hispanic 39.3% (n=11)

Non-Hispanic Black 35.7% (n=10)

Non-Hispanic White 10.7% (n = 3)

Asian 3.6% (n=1)

Multiple Races 10.7% (n = 3)
Gestational Age at Screening, weeks 14.41 (2.59) 9.00 - 18.86
Pre-Pregnancy BMI, kg/m? 25.72 (6.20) 17.19 - 41.81
Pre-Pregnancy BMI, percentile 68.71 (29.76) 6.73 —99.23
Pre-Pregnancy Weight Status

Lean, BMI 5-84™ percentile 60.7% (n=17)

Overweight, BMI 85-94" percentile 21.4% (n=6)

Obesity, BMI > 95™ percentile 17.9% (n=15)
First-Trimester Weight, kg 73.34 (27.95) 48.10 - 152.40

Note: N=128.
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Table 2. Physical Activity Indices of Pregnant Adolescents with Valid Data

Variable M (SD) Range
Average MVPA in Minutes Per Day 103.53 (59.71) 2.90 - 188.20
% Time in MVPA Minutes Per Week 10.12 (5.90) 0.24-19.08
Average Sedentary Bouts in Minutes Per Day 425.75(211.83) 148.30 —740.80
% Time in Sedentary Minutes Per Week 51.63 (15.14) 31.66 —81.31
Average Step Counts Per Minute 7.04 (2.68) 0.60 —11.60
Maximum Step Counts Per Minute 101.06 (26.01)  21.00-127.00

Note. MVPA = Moderate vigorous physical activity. N = 16.
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Table 3. Bivariate Correlations among Key Variables

Variable I. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15.
1. Age, years -

2.  Hispanic/Black (vs. Other) -.06 --

3. Gestational Age, weeks =27 38% --

4. Pre-Pregnancy BMI, kg/m? -.09 22 -33 -

5. First-Trimester Weight, kg -17 12 -.06 J1EEE

6.  EE, Anger/Anx/Frustration -.23 .14 .08 -.11 -.07 -

7. EE, Depression -17 11 .08 -.16 =12 O1¥*Fx

8. EE, Unsettled -.16 .02 17 -.30 =23 .94Hk 88FHE

9.  Depression Symptoms -.00 .07 23 .16 28 -.28 -.16 -.28 -

10. Average MVPA -.49% 25 27 -.14 -.30 .36 25 .26 -44+ -

11. % in MVPA -.55% .36 32 -.09 -.26 41 30 35 -40 ) Rl

12.  Average of Sedentary Bouts 37 -.55% =26 -.10 .03 -.23 -.14 -17 .09 -.35 -.64%* -

13. % in Sedentary SI* -58%  -43 .01 .15 =35 -.24 =27 .16 -.65%* -82¥F%  QQFHk -

14.  Average Step counts -.46+ 37 AT+ -21 -.28 .26 .16 23 -.18 T4 R oW i - 8OFFK

15.  Maximum Step counts -.20 -.08 .25 =22 -.15 18 A1 .10 .13 34 35 -.16 -30 55% -

Note. BMI = Body mass index. MVPA = moderate-to-vigorous physical activity. EE = emotional eating.
*xEp <.001. **p < .01. *p <.05. +<.10. N=16-28.
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Table 4. Physical Activity/Sedentary Time Characteristics of Pregnant Adolescents with and

without Loss-of-Control Eating

Variable Loss-of-Control ~ No Loss-of-Control p
M (SD) M (SD) value
Average MVPA in Minutes Per Day 83.12 (66.95) 112.81 (57.03) 38
% Time in MVPA Minutes Per Week 8.14 (6.71) 11.01 (5.60) .39
Average Sedentary Bouts in Minutes Per Day 476.02 (223.76) 402.90 (213.18) 54
% Time in Sedentary Minutes Per Week 55.98 (13.28) 49.65 (16.11) 46
Average Step Counts Per Minute 6.36 (1.56) 7.35 (3.08) Sl
Maximum Step Counts Per Minute 106.80 (15.53) 98.45 (29.91) 57

Note. BMI = Body mass index. MVPA = EE = emotional eating. Loss-of-Control group N = 5.
No Loss-of-Control group N=11.
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DISCUSSION

The primary aim of the current study was to evaluate the feasibility of accelerometer use
for objectively measuring physical activity characteristics in pregnant adolescents. The
secondary aim of the study was to explore associations of adolescent physical activity
characteristics with other core features relevant for gestational weight gain, including BMI,
depression, and eating behavior.

Accelerometry Feasibility

With respect to this first aim, feasibility of accelerometer use in pregnant adolescents
showed mixed results. In support of feasibility, median days of wear time in the total sample
was 5 days, which exceeded the criterion of 4 out of 7 days of valid wear. However, only 57%,
as opposed to the target of >70%, of pregnant adolescents in this sample had valid data,
indicating challenges to feasibility. One adolescent lost the device; the other adolescents with
non-valid data did not wear the accelerometer at all. To our knowledge, this is the first study to
pilot the use of accelerometers in pregnant adolescents. Our results for feasibility in pregnant
adolescents are inconsistent with previous studies using wrist-worn accelerometers to measure
physical activity in non-pregnant adolescents and pregnant women. In community samples of
non-pregnant adolescents, approximately 79%-86% have acceptable compliance, even without
specific monetary incentives for wear time (Scott et al., 2017; Van Coevering et al., 2005).
Comparatively, a study involving pregnant adult women had 74% compliance for wrist-worn
accelerometers in the second trimester without specific or additional incentives for wear time
(Hesketh et al., 2018). Thus, in studies with non-pregnant adolescents and pregnant adults,

accelerometers have been demonstrated to be a feasible means of measuring physical activity.
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Adolescents who are pregnant represent a very high-risk group of teenagers, often facing
major social-emotional and behavior challenges (Vandewalle et al., 2014). While those pregnant
adolescents who did comply with accelerometry wear did it quite well, additional incentives are
likely necessary to support better feasibility in a larger percentage of young, pregnant women.
While compliance was not related to adolescents’ age, gestational age, first-trimester weight,
depression, or eating behavior, adolescents who reported a heavier pre-pregnancy BMI were less
likely to wear the device. This finding has a number of possible explanations and warrants
consideration in future research using accelerometers with this group of adolescents. One
possibility is that heavier adolescents may experience increased body image disturbances and
potentially feel less comfortable wearing the accelerometry device on their wrist. It is also
important to consider the implications that pre-pregnancy BMI was as a self-reported measure;
therefore, it is possible that the adolescents who did not wear the device may have perceived
themselves as being heavier prior to pregnancy. Of note, in prior studies that included non-
pregnant adolescents, adolescents with a higher BMI had lower accelerometer compliance
compared to adolescents with a lower BMI (Jalo et al., 2019; Toftager et al., 2013), which is in
line with our findings. In addition, we were not able to offer incentives specific to wear time.
Previous literature shows that monetary incentives clearly increase participant compliance,
including in adolescents with overweight/obesity, which would likely offer a beneficial approach
for pregnant adolescents as well (Audrey, Bell, Hughes, & Campbell, 2012; Sirard & Slater,
2009). In addition, providing participants with the opportunity to re-wear the device and
incorporating reminders could also potentially increase participant compliance. Taken together,
our results suggest that accelerometer measurements may be suitable if additional measures are

taken to increase compliance.
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Exploratory Associations of Physical Activity with Health Characteristics

In the small sample of pregnant adolescents with valid data, physical activity and
sedentary time were not significantly associated with pre-pregnancy BMI, first-trimester
weight, depression, or overeating behaviors, as hypothesized. Unfortunately, it is not possible to
determine whether these null findings are due to inadequate power to detect associations or to the
notion that these factors are not related to physical activity/sedentary behavior patterns in
pregnant adolescents. Previous studies of non-pregnant adolescents (Kuzik et al., 2017) and
pregnant women (Fazzi, Saunders, Linton, Norman, & Reynolds, 2017) would suggest that
physical activity and/or sedentary time measured via accelerometry are related to metabolic
health, weight status, and for pregnant women, pregnancy outcomes. Thus, it will be important
to evaluate these associations in future studies of pregnant adolescents.

We did observe a moderate trend-level association of depression symptoms with less
average MVPA per day. Depression in non-pregnant adolescents has been related to increased
risk of excess weight gain (Blaine, 2008) and to greater gestational weight gain in pregnant
adolescents (Cunningham et al., 2018). In pregnant women, depression symptoms have been
associated with less exercise (Pottinger, Troutman-Edwards, & Younger, 2009) and weight gain
(Bodnar, Wisner, Moses-Kolko, Sit, & Hanusa, 2009); yet not all studies have consistently
observed these association in adult pregnancy (Poudevigne & O’Connor, 2005). Depression is
more common in adolescent pregnancy than in adult pregnancy and also more common in
comparison to non-pregnant adolescents (Hodgkinson, Colantuoni, Roberts, Berg-Cross, &
Belcher, 2010). Thus, if the association of depression symptoms and MVPA is supported in
future studies with pregnant adolescents, there may be a number of possible implications. For

instance, interventions to address depression in adolescent pregnancy may offer potential to
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increase adolescents’ physical activity in pregnancy with implications for gestational weight
gain. Alternatively, physical activity-based interventions in pregnancy could be a potential
avenue for reducing depression symptoms in pregnant adolescents, which may then have salutary
effects on gestational weight gain and a host of other pregnancy-related maternal and child health
outcomes. For instance, Koniak-Griffin (1994) found that pregnant adolescents’ participation in
a 6-week exercise program was associated with significant decreases in depressive symptoms at
post-treatment.

Although not an explicit aim or hypothesis, we observed a number of moderate
associations of physical activity characteristics with adolescent age, race/ethnicity, and
gestational age. Specifically, MVPA was lower among older adolescents, whereas sedentary
behavior was higher the older adolescents were. Steinl and colleagues (2019) found the
opposite; pregnant adolescents’ MVPA as measured with physical activity 3-day recalls was
weakly, positively correlated with maternal age. In contrast, our findings are consistent with
national trends of non-pregnant adolescents showing a decrease in physical activity with age
(Kann et al., 2016). We also found that Hispanic/Latino and Black/African American
adolescents had significantly lower sedentary behavior compared to the other races/ethnicities in
the sample. The lower sedentary behavior for this group, however, was inconsistent with other
studies that suggested there were no overall differences in sedentary time among races/
ethnicities (Whitt-Glover et al., 2009). One possible reason that pregnant adolescents in our
study exhibited less sedentary time could be due to the physical demands of their jobs when they
were not in school. In addition, some of the young women in our study did not have cell phones,

which could have decreased their amount of screen time and time spent sedentary.
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In a study that addressed the rate of adolescent compliance with physical activity
guidelines in the United States, a majority of the female adolescents did not meet the daily
recommendations at least 60 minutes of moderate physical activity (Butcher, Sallis, Mayer, &
Woodruff, 2008). In another study that investigated objective measures of physical activity in
pregnant women, the majority of these pregnant did not meet the daily pregnancy
recommendation of 30 minutes of moderate physical activity (Evenson & Wen, 2011).
Furthermore, in a study about pregnant adolescents’ self-reported physical activity, slightly less
than half of the pregnant adolescents in their study met the recommendations of at least 30
minutes per day of physical activity (Steinl et al., 2019); however in our study 81.3% of our
participants with valid accelerometry data met or exceeded the activity recommendations for
pregnant adolescents. One possibility is that this group of pregnant adolescents in our study may
also have utilized more public transportation compared to their non-pregnant counterparts. In
addition, some of these young women were in school and may have moved more in their daily
routine. Moreover, the wrist-worn accelerometer could have increased physical activity
measurements as extraneous arm movements may have constituted as increased physical activity
while the wearer remained sedentary. Overall, potential explanations that warrant a mixed-
method, comprehensive evaluation in future studies.

Limitations

Foremost, the small sample size of this pilot study raises a significant limitation that we
were under-powered to detect effects. Another important shortcoming is that this study was a
pilot in nature with limited resources; therefore, participants could not be financially
compensated for their days of accelerometer wear, and there were no systematic reminders, after

the initial instructions, given to participants regarding the devices. Currently, no self-report of
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qualitative data has been collected on the reasons behind participant wear and non-wear of the
devices. In addition, the sample was primarily Hispanic/Latino and Black/African American
adolescents seeking prenatal care from a multi-disciplinary adolescent pregnancy clinic and
willing to participate in a study about gestational weight gain prevention. These characteristics
limit generalizability of the results, and feasibility/associations with BMI, weight, depression,
and eating behavior might be different among pregnant adolescents in other geographic locations
or of other racial/ethnic identities (e.g., American Indian/Native American). Another limitation
is that the accelerometer worn on the wrist could be less accurate than those worn on the waist.
Previous studies have demonstrated psychometric support of GT3X accelerometers worn on the
waist during pregnancy in adults, and other studies have shown adolescents are more likely to
wear the device on the wrist due to its increased comfort and less embarrassing location
(Poyatos-Leon et al., 2016). Our impressions were that the adolescents in our sample would
have had even less compliance with hip-worn devices and a few were hesitant about wrist-wear.
Non-pregnant adolescent accelerometer wear-time compliance is generally higher with wrist
placement than waist placement; however, accelerometers worn on the waist may be more
accurate in determining sedentary and activity levels without added arm movements that may be
done while sitting (Poyatos-Ledn et al., 2016). Another study consideration is that the cut-points
we chose to analyze MVPA intensity accounted for the influence of age with regards to activity.
Therefore, these cut-points may affect the accuracy of age-specific physical activity
measurements in pregnant adolescents as the optimal cut-point for this group has not yet been
established compared to non-pregnant adolescents and compared to pregnant adults. Finally, this
study relied on self-reported pre-pregnancy BMI versus measured BMI. Therefore, this method

of self-report could be less accurate than if objectively measured.
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Strengths of the Study

Strengths of this study include the assessment of objective measurements of physical
activity via accelerometry, compared to physical activity self-report which may be over or
underrepresented (Prince et al., 2008), in a diverse population at very high-risk for obesity and
cardiometabolic disease (Jasik & Lustig, 2008). Pregnant adolescents are at high-risk for
experiencing psychosocial and behavioral challenges (Vandewalle et al., 2014), and have been
understudied with respect to physical activity or to the development of interventions to address
excess gestational weight gain. Thus, this study contributes to the literature about methods to
objectively characterize physical activity/sedentary behavior.
Conclusions and Future Directions

Physical activity may be a potentially modifiable factor in a pregnant adolescent’s life
that offers the potential to increase perinatal emotional wellbeing as well as to affect perinatal
maternal and offspring weight and metabolic health outcomes. The combination of psychosocial
challenges, physical and physiological changes of puberty, and gestational weight gain may
render pregnant adolescents particularly vulnerable to excess weight gain and to its adverse
health outcomes (Graber & Brooks-Gunn, 1996). Findings from the current pilot study suggest
that many (i.e., over half) adolescents who are pregnant can be recruited to wear a wrist-worn
accelerometer for sufficient days to comprehensively characterize physical activity patterns.
However, other pregnant adolescents, particularly those who report being heavier prior to
starting pregnancy, may require additional measures to incentivize wear. Adolescents who wore
the devices, on average, were quite active, exceeding recommended guidelines for MVPA for in
adolescence and in pregnancy. Further, MVPA tended to be inversely related to depression

symptoms, offering a potential avenue for future research in this age group. In future studies, it
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will likely be necessary to offer monetary incentives to maximize wear compliance, for staff to
perform more frequent checks, to offer an opportunity for re-wear, or to even request wear over a
slightly longer period to gather enough valid days of wear (Aadland et al., 2017). Ultimately,
developing strategies and guidelines around accelerometer use specific to this particular at high-
risk, high-need population is necessary for the characterization of physical activity patterns that
will be required to carry out quality interventions with measured physical activity outcomes in
this group. Given the limitations of self-reports of physical activity (Prince et al., 2008), more
research on using accelerometers in pregnant adolescents in the future is important. Physical
activity is an important area of research in pregnancy overall, and more research is needed in

pregnant adolescents.

31



REFERENCES

Aadland, E., Andersen, L. B., Skrede, T., Ekelund, U., Anderssen, S. A., & Resaland, G. K.
(2017). Reproducibility of objectively measured physical activity and sedentary time over
two seasons in children; Comparing a day-by-day and a week-by-week
approach. Plos ONE, 12, 1-13. doi:10.1371/journal.pone.0189304

Ambrosini, G. L., O’Sullivan, T. A., de Klerk, N. H., Mori, T. A., Beilin, L. J., & Oddy,

W. H. (2011). Relative validity of adolescent dietary patterns: comparison of a food
frequency questionnaire and 3-day food record. The British Journal of Nutrition, 105,
625-633. doi:10.1017/S0007114510004137

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (5th ed.). Arlington, VA: American Psychiatric Publishing.

Audrey, S., Bell, S., Hughes, R., Campbell, R. (2013). Adolescent perspectives on wearing
accelerometers to measure physical activity in population-based trials, European Journal
of Public Health, 23, 475-480, doi:10.1093/eurpub/cks081

The American College of Obstetricians and Gynecologists (2013). Weight gain
during pregnancy. Obstetrics & Gynecology, 548, 1-3. Retrieved from:
https://www.acog.org/Clinical-Guidance-and-Publications/Committee-
Opinions/Committee-on-Obstetric-Practice/Weight-Gain-During-Pregnancy

The American College of Obstetricians and Gynecologists (2015). Having a baby
(especially for teens). Retrieved from: https://www.acog.org/Patients/FAQs/Having-a-
Baby-Especially-for-Teens

Behrens, T. K., Bradley, J. E., Kirby, J. B., & Nanney, M. S. (2012). Physical activity among

32



postpartum adolescents: A preliminary report. Perceptual and Motor Skills, 114, 310—
318. d0i:10.2466/06.10.13.PMS.114.1.310-318

Blaine, B. (2008). Does depression cause obesity?: A meta-analysis of longitudinal studies of
depression and weight control. Journal of Health Psychology, 13, 1190-1197. doi:
10.1177/1359105308095977

Bodnar, L. M., Wisner, K. L., Moses-Kolko, E., Sit, D. K., & Hanusa, B. H. (2009).
Prepregnancy body mass index, gestational weight gain, and the likelihood of major
depressive disorder during pregnancy. The Journal of Clinical Psychiatry, 70, 1290—
1296. doi:10.4088/JCP.08m04651

Bryant-Waugh, R. J., Cooper, P. J., Taylor, C.L., & Lask, B. D. (1996). The use of the
eating disorder examination with children: a pilot study. International Journal of Eating
Disorders, 19,391-397. doi:10.1002/(SICI)1098-108X(199605)19:4<391::AID-
EAT6>3.0.CO;2-G

Butcher, K., Sallis, J. F., Mayer, J. A., & Woodruff, S. (2008). Correlates of physical activity
guideline compliance for adolescents in 100 U.S. cities. Journal of Adolescent Health,42,
360-368. doi:10.1016/j.jadohealth.2007.09.025

Center for Behavioral Health Statistics and Quality. (2017). 2016 National Survey on Drug Use
and Health: Methodological summary and definitions. Rockville, MD: Substance Abuse
and Mental Health Services Administration. Retrieved from:
https://www.samhsa.gov/data/sites/default/files/NSDUH-MethodSummDefs-
2016/NSDUH-MethodSummDefs-2016.htm

Centers for Disease Control and Prevention (2014). Calculating BMI using the metric

system. Atlanta: U.S. Department of Health & Human Services.

33



Retrieved from:
https://www.cdc.gov/ncedphp/dnpao/growthcharts/training/bmiage/page5 1.html
Centers for Disease Control and Prevention (2015). Physical activity: Healthy pregnant or
postpartum women. Atlanta: U.S. Department of Health & Human Services.
Retrieved from: https://www.cdc.gov/physicalactivity/basics/pregnancy/index.htm
Centers for Disease Control and Prevention (2019). Reproductive Health: Teen Pregnancy.
Atlanta: U.S. Department of Health & Human Services.
Retrieved from: https://www.cdc.gov/teenpregnancy/about/index.htm
Chen, A., Feresu, S. A., Fernandez, C., & Rogan, W. J. (2009). Maternal obesity and the
risk of infant death in the United States. Epidemiology (Cambridge, Mass.), 20, 74-81.
doi:10.1097/EDE.Ob013e3181878645
Chu, S. Y., Callaghan, W. M., Bish, C. L., & D’ Angelo, D. (2009). Gestational weight
gain by body mass index among US women delivering live births, 2004-2005: fueling
future obesity. American Journal of Obstetrics & Gynecology, 200, 271.el1-271.e7.
doi:10.1016/j.2j0g.2008.09.879
Cradock, A. L., Kawachi, 1., Colditz, G. A., Gortmaker, S. L., & Buka, S. L. (2009).
Neighborhood social cohesion and youth participation in physical activity in
Chicago. Social Science & Medicine, 68, 427-435. doi:10.1016/j.socscimed.2008.10.028
Crouter, S. E., Flynn, J. 1., & Bassett, D. R. (2015). Estimating physical activity in
youth using a wrist accelerometer. Medicine and Science in Sports and Exercise, 47,
944-951. doi:10.1249/MSS.0000000000000502

Cunningham, S. D., Mokshagundam, S., Chai, H., Lewis, J. B., Levine, J., Tobin, J. N., &

34



Ickovics, J. R. (2018). Postpartum depressive symptoms: Gestational weight gain as a
risk factor for adolescents who are overweight or obese. Journal of Midwifery &
Women's Health, 63, 178-184. doi:10.1111/jmwh.12686

Evenson, K. R., & Wen, F. (2011). Prevalence and correlates of objectively measured physical
activity and sedentary behavior among US pregnant women. Preventive Medicine,53, 39-
43. doi:10.1016/j.ypmed.2011.04.014

Fairburn, C. G., & Cooper, Z. (1993). The eating disorder examination. In Fariburn, C. G.

& Wilson, G. T., editors. Binge Eating, Nature, Assessment and Treatment. New Y ork:
Guilford.

Faith, M. S., Allison, D. B., & Geliebter, A. (1997). Emotional eating and obesity: Theorectical
considerations and practical recommendations. Obesity and Weight Control: The Health
Professional’s Guide to Understanding and Treatment, 439—65.

Fazzi, C., Saunders, D. H., Linton, K., Norman, J. E., & Reynolds, R. M. (2017). Sedentary
behaviours during pregnancy: a systematic review. The International Journal of
Behavioral Nutrition and Physical Activity, 14, 32. d0i:10.1186/s12966-017-0485-z

Ford, J. D., Elhai, J. D., Connor, D. F., & Frueh, B. C. (2010). Poly-victimization and risk of
posttraumatic, depressive, and substance use disorders and involvement in delinquency in
a national sample of adolescents. Journal of Adolescent Health, 46, 545-552. doi:
10.1016/j.jadohealth.2009.11.212

Freedson, P. S., Melanson, E., & Sirard, J. (1998). Calibration of the computer science and
applications, inc. accelerometer. Medicine & Science in Sports & Exercise,30, 777-781.
doi:10.1097/00005768-199805000-00021

Graber, J. A. & Brooks-Gunn, J. (1996). Transitions and turning points: Navigating the

35



passage from childhood through adolescence. Developmental Psychology, 32, 768-776.
doi:0012-1649/96

Groth, S. W. (2008). The long-term impact of adolescent gestational weight gain.
Research in Nursing & Health, 31, 108-118. doi:10.1002/nur.20243

Groth, S. W., Holland, M. L., Kitzman, H., & Meng, Y. (2013). Gestational weight gain
of pregnant African American adolescents affects body mass index 18 years later.
Journal of Obstetric, Gynecologic & Neonatal Nursing, 42, 541-550. doi:10.1111/1552-
6909.12230

Hamilton, B. E., Martin, J. A., Osterman, M. J., Curtin, S. C., & Mathews, T.
(2015). Births: Final Data for 2014, Department of Health and Human Services, Centers
for Disease Control and Prevention, 64, 1-64. Retrieved from
http://www.cdc.gov/nchs/data/nvsr/nvsr64/nvsr64 12.pdf.

Hayes, L., Bell, R., Robson, S., & Poston, L. (2014). Association between physical
activity in obese pregnant women and offspring health. Pregnancy Hypertension: An
International Journal of Women'’s Cardiovascular Health, 4, 234.
doi:10.1016/j.preghy.2014.03.016

Hediger M. L., Scholl, T. O., & Schall, J. I. (1997). Implications of the Camden study of
adolescent pregnancy: Interactions among maternal growth, nutritional status, and body
composition. Annals of the New York Academy of Sciences, 8§17, 281-291. doi:
10.1111/5.1749-6632.1997.tb48214.x

Herring, S. J., Nelson, D. B., Davey, A., Klotz, A. A., Dibble, L. V., Oken, E., & Foster, G. D.

36



(2012). Determinants of excessive gestational weight gain in urban, low-income
women. Women's Health Issues: Olfficial Publication of the Jacobs Institute of Women's
Health, 22, e439—e446. doi:10.1016/j.whi.2012.05.004

Hesketh, K. R., Evenson, K. R., Stroo, M., Clancy, S. M., Ostbye, T., & Benjamin-
Neelon, S. E. (2018). Physical activity and sedentary behavior during pregnancy and
postpartum, measured using hip and wrist-worn accelerometers. Preventive Medicine
Reports, 10,337-345. doi:10.1016/j.pmedr.2018.04.012

Hodgkinson, S., Beers, L., Southammakosane, C., Lewin, A. (2014). Addressing the
mental health needs of pregnant and parenting adolescents. Pediatrics, 133, 114-122.
doi:10.1542/peds.2013-0927

Hodgkinson, S., Colantuoni, E., Roberts, D., Berg-Cross, L., & Belcher, H. M. E. (2010).
Depressive symptoms and birth outcomes among pregnant teenagers. Journal of
Pediatric and Adolescent Gynecology, 23, 16-22. doi: 10.1016/].jpag.2009.04.006

Hopkins, S. A, Baldi, J. C., Cutfield, W, S., McCowan, L., & Hofman, P. L. (2010)
Exercise training in pregnancy reduces offspring size without changes in maternal insulin
sensitivity. The Journal of Clinical Endocrinology & Metabolism, 95, 2080-2088.
doi:10.1210/j¢.2009-2255

Jaeschke, L., Steinbrecher, A., Jeran, S., Konigorski, S., & Pischon, T. (2018). Variability
and reliability study of overall physical activity and activity intensity levels using 24 h-
accelerometry-assessed data. BMC Public Health, 18, 530. doi:10.1186/s12889-018-
5415-8

Jalo, E., Konttinen, H., Vepsildinen, H., Chaput, J. P., Hu, G., Maher, C., ... Fogelholm, M.

37



(2019). Emotional eating, health behaviours, and obesity in children: A 12-country cross-
sectional study. Nutrients, 11,351. d0i:10.3390/nu11020351

Jasik, C. B. & Lustig, R. H. (2008). Adolescent obesity and puberty: The “perfect
storm.” Annals of the New York Academy of Sciences, 1135,265-279.
doi:10.1196/annals.1429.009

Kabir, K., Sheeder, J., & Stevens-Simon, C. (2008). Depression, weight gain, and low birth
weight adolescent delivery: Do somatic symptoms strengthen or weaken the relationship?
Journal of Pediatric and Adolescent Gynecology, 21, 335-342. doi:
10.1016/j.jpag.2008.06.003

Kann, L., McManus, T., Harris, W. A., Shanklin, S. L., Flint, K. H., Hawkins, J., ... Zaza, S.
(2016). Youth Risk Behavior Surveillance -- United States, 2015. MMWR Surveillance
Summaries, 65(6), 1-174. doi:10.15585/mmwr.ss6506al

Kearney, M. S., & Levine, P. B. (2012). Why is the teen birth rate in the United States
so high and why does it matter? Journal of Economic Perspectives, 26, 141-166.
doi:10.1257/jep.26.2.141

Kolko, R. P., Emery, R. L., Marcus, M. D., & Levine, M. D. (2017). Loss of control over
eating before and during early pregnancy among community women with overweight and
obesity. International Journal of Eating Disorders, 50, 582-586. doi:10.1002/eat.22630

Koniak-Griffin, D. (1994). Aerobic exercise, psychological well-being, and physical discomforts
during adolescent pregnancy. Research in Nursing & Health, 17, 253-63. doi:
10.1002/nur.4770170404

Kuzik, N., Carson, V., Andersen, L. B., Sardinha, L. B., Grentved, A., Hansen, B. H., ...

38



International Children's Accelerometry Database (ICAD) Collaborators (2017). Physical
activity and sedentary time associations with metabolic health across weight statuses in
children and adolescents. Obesity (Silver Spring, Md.), 25, 1762—1769.
doi:10.1002/0by.21952

Leplatte, D., Rosenblum, K. L., Stanton, E., Miller, N., & Muzik, M. (2012). Mental health in
primary care for adolescent parents. Mental Health in Family Medicine, 9, 39-45.

Mamun, A. A., Kinarivala, M., O’Callaghan, M. J., Williams, G. M., Najman, J. M., &
Callaway, L. K. (2010). Associations of excess weight gain during pregnancy with long-
term maternal overweight and obesity: evidence from 21 y postpartum follow-up. The
American Journal of Clinical Nutrition, 91, 1336—1341. doi: 10.3945/ajcn.2009.28950

Marti-Henneberg, C. & Vizmanos, B. (1997). The duration of puberty in girls is related to the
timing of its onset. The Journal of Pediatrics, 131, 618-621. doi: 10.1016/S0022-
3476(97)70073-8

Monleén, C., Ballester, R., Sanchis, C., Llorens, F., Martin, M., & Pablos, A. (2015).
The effects of eight-month physical activity intervention on vigilance performance in
adult obese population. Journal of Motor Behavior, 47, 476-482.
doi:10.1080/00222895.2015.1012580

Mouchacca, J., Abbott, G. R., & Ball, K. (2013). Associations between psychological
stress, eating, physical activity, sedentary behaviours and body weight among women: a
longitudinal study. BMC Public Health, 13. doi: 10.1186/1471-2458-13-828

Mourtakos, S. P., Tambalis, K. D., Panagiotakos, D. B., Antonogeorgos, G., Arnaoutis,

39



G., Karteroliotis, K., & Sidossis, L. S. (2015). Maternal lifestyle characteristics during
pregnancy, and the risk of obesity in the offspring: a study of 5,125 children. BMC
Pregnancy and Childbirth, 15, 66. doi:10.1186/s12884-015-0498-z

Oken, E., Rifas-Shiman, S. L., Field, A. E., Frazier, A. L., & Gillman, M. W. (2008).
Maternal gestational weight gain and offspring weight in adolescence. Obstetrics and
Gynecology, 112, 999-1006. doi: 10.1097/A0G.0b013e31818a5d50

Ortega, F. B., Ruiz, J. R., Castillo, M. J., & Sjostom, M. (2008). Physical fitness in
childhood and adolescence: A powerful marker of health. International Journal of
Obesity, 32, 1-11. doi:10.1038/sj.1j0.0803774

Pinto, E., Severo, M., Correia, S., Dos Santos Silva, 1., Lopes, C., & Barros, H. (2010),
Validity and reproducibility of a semi-quantitative food frequency questionnaire for use
among Portuguese pregnant women. Maternal & Child Nutrition, 6, 105-119.
doi:10.1111/5.1740-8709.2009.00199.x

Pottinger, A. M., Trotman-Edwards, H., & Younger, N. (2009). Detecting depression during
pregnancy and associated lifestyle practices and concerns among women in a hospital-
based obstetric clinic in Jamaica. General Hospital Psychiatry, 31,254-261. doi:
10.1016/j.genhosppsych.2009.02.002

Poudevigne, M. S., O'Connor, P. J. (2005). Physical activity and mood during
pregnancy. Medicine & Science in Sports & Exercise, 37, 1374—1380.
doi:10.1249/01.mss.0000174907.27818.1f

Poyatos-Ledn, R., Sanabria-Martinez, G., Garcia-Prieto, J. C., Alvarez-Bueno, C.,
Pozuelo Carrascosa, D. P., Cavero-Redondo, 1., . . . Martinez-Vizcaino, V. (2016). A

follow-up study to assess the determinants and consequences of physical activity in

40



pregnant women of Cuenca, Spain. BMC Public Health, 16, 437. doi:10.1186/s12889-
016-3130-x

Prince, S. A., Adamo, K. B., Hamel, M. E., Hardt, J., Connor Gorber, S., & Tremblay, M.
(2008). A comparison of direct versus self-report measures for assessing physical activity
in adults: a systematic review. The International Journal of Behavioral Nutrition and
Physical Activity, 5, 56. doi:10.1186/1479-5868-5-56

Recto, P., & Champion, J. D. (2016). Psychological distress and associated factors
among Mexican American adolescent females. Hispanic Health Care
International, 14, 170-176. doi:10.1177/1540415316676224

Rizvi, S. L., Peterson, C. B., Crow, S. J., & Agras, W. S. (2000). Test-retest reliability of the
eating disorder examination. The International Journal of Eating Disorders, 28, 311-
316.

Rockette-Wagner, B., Hipwell, A. E., Hawkins, M., Kuller, L. H., Mendez, D. D., Kriska,
A. M., ... Mctigue, K. M. (2017). The effects of childbirth on activity levels in a
cohort of adolescent girls: 2897 board #4 June 21. Medicine & Science in Sports &
Exercise, 49, 830. doi:10.1249/01.mss.0000519229.38114.e3

Rousham, E. K., Clarke, P. E, & Gross, H. (2006). Significant changes in physical
activity among pregnant women in the UK as assessed by accelerometry and self-
reported activity. European Journal of Clinical Nutrition, 60, 393-400.
doi:10.1038/sj.ejcn.1602329.

Sanda, B., Vistad, 1., Sagedal, L. R., Haakstad, L. H., Lohne-Seiler, H., & Torstveit, M.

41



K. (2017). Effect of a prenatal lifestyle intervention on physical activity level in late
pregnancy and the first year postpartum. Plos ONE, 12, 1-23.
doi:10.1371/journal.pone.0188102

Schuster, S., Kokic, I. S., & Sindik, J. (2016). Measuring physical activity in pregnancy
using questionnaires: A meta-analysis. Acta Clinica Croatica, 55, 440-452.
doi:10.20471/acc.2016.55.03.13

Scott, J. J., Rowlands, A. V., Cliff, D. P., Morgan, P. J., Plotnikoff, R. C., & Lubans, D. R.
(2017). Comparability and feasibility of wrist- and hip-worn accelerometers in free-
living adolescents. Journal of Science and Medicine in Sport, 20, 1101-
1106. doi:10.1016/j.jsams.2017.04.017.

Shapiro, A., Ringham, B., Glueck, D., Norris, J., Barbour, L., Friedman, J., & Dabelea,
D. (2017). Infant adiposity is independently associated with a maternal high fat diet but
not related to niacin intake: The healthy start study. Maternal & Child Health
Journal, 21, 1662-1668. doi:10.1007/s10995-016-2258-8

Shomaker, L. B., Tanofsky-Kraff, M., Elliott, C., Wolkoff, L. E., Columbo, K.
M., Ranzenhofer, L. M., & ... Yanovski, J. A. (2010). Salience of loss of control for
pediatric binge episodes: Does size really matter? International Journal of Eating
Disorders, 43,707-716. doi:10.1002/eat.20767

Sirard, J. R., & Slater, M. E. (2009). Compliance with wearing physical activity accelerometers
in high school students. Journal of Physical Activity & Health, 6 Suppl 1, S148—S155.

Steinl G. K., Whisner, C. M., Pressman, E. K., Cooper, E. M., Groth, S. W., & O’Brien, K. O.
(2019). Patterns and correlates of self-reported physical activity in a cohort of racially

diverse pregnant adolescents. Journal of Pediatric and Adolescent Gynecology,

42



Volume, 32, 51-56. doi:10.1016/j.jpag.2018.09.003

Stojek, M. M. K., Tanofsky-Kraff, M., Shomaker, L. B., Kelly, N. R., Thompson, K. A.,
Mehari, R. D., ... Yanovski, J. A. (2017). Associations of adolescent emotional and loss
of control eating with 1-year changes in disordered eating, weight and adiposity. The
International Journal of Eating Disorders, 50, 551-560. doi:10.1002/eat.22636

Streuling I, Beyerlein A, Rosenfeld E, Hofmann H, Schulz T, & von Kries R. (2011). Physical
activity and gestational weight gain: a meta-analysis of intervention trials. An
International Journal of Obstetrics and Gynaecology, 118, 278-284. doi:10.1111/.1471-
0528.2010.02801.x

Stuebe, A. M., Oken, E., & Gillman, M.W. (2008). Associations of diet and physical
activity during pregnancy with risk for excessive gestational weight gain. Science Direct,
201, 58.e1-58.e8. doi:10.1016/j.aj0g.2009.02.025

Szigethy, E. M. (2001). Depression among pregnant adolescents: an integrated treatment
approach. American Journal of Psychiatry, 158, 22-27. doi: 10.1176/appi.ajp.158.1.22

Tanofsky-Kraff, M., Theim, K. R., Yanovski, S. Z., Bassett, A. M., Burns, N. P.,
Ranzenhofer, L. M., . .. Yanovski, J. A. (2007). Validation of emotional eating scale
adapted for use in children and adolescents (EES-C). International Journal of Eating
Disorders, 40, 232—-40. doi:10.1002/eat.20362

Tanofsky-Kraff, M., Shomaker, L. B., Wilfley, D. E., Young, J. F., Sbrocco, T., Stephens, M., ...
Yanovski, J. A. (2014). Targeted prevention of excess weight gain and eating disorders in
high-risk adolescent girls: a randomized controlled trial. The American Journal of
Clinical Nutrition, 100, 1010-1018. doi:10.3945/ajcn.114.092536

Thivel, D., Tremblay, M. S., Katzmarzyk, P. T., Fogelholm, M., Hu, G., Maher, C., . . . Chaput,

43



J. P. (2019). Associations between meeting combinations of 24-hour movement
recommendations and dietary patterns of children: A 12-country study. Preventive
Medicine, 118, 159-165. doi: 10.1016/j.ypmed.2018.10.025

Toftager, M., Kristensen, P. L., Oliver, M., Duncan, S., Christiansen, L. B., Boyle, E., ...
Troelsen, J. (2013). Accelerometer data reduction in adolescents: effects on sample
retention and bias. The International Journal of Behavioral Nutrition and Physical
Activity, 10, 140. doi:10.1186/1479-5868-10-140

Tudor-Locke, C., Aguiar, E. J., Han, H., Ducharme, S. W., Schuna, J. M., Barreira, T. V., . . .
Staudenmayer, J. (2019). Walking cadence (steps/min) and intensity in 21-40 year olds:
CADENCE-adults. International Journal of Behavioral Nutrition and Physical
Activity,16. doi:10.1186/s12966-019-0769-6

U.S. Department of Health & Human Services, & Council on Sports. (2017). Facts & Statistics.
Retrieved from https://www.hhs.gov/fitness/resource-center/facts-and-
statistics/index.html#footnote-5

Van Covering, P., Harnack, L., Schmitz, K., Fulton, J. E., Galuska, D. A., & Gao, S.
(2005). Feasibility of using accelerometers to measure physical activity in young
adolescents. Medicine & Science in Sports & Exercise, 37, 867-871. doi:
10.1249/01.MSS.0000162694.66799.FE

Vandewalle, J., Moens, E., & Braet, C. (2014). Comprehending emotional eating in obese
youngsters: the role of parental rejection and emotion regulation. /nternational Journal of
Obesity, 38, 525-530. doi: 10.1038/ij0.2013.233

van Hees, V. T., Renstrom, F., Wright, A., Gradmark, A., Catt, M., Chen, K. Y.,

44



...Franks, P. W. (2011). Estimation of daily energy expenditure in pregnant and non-
pregnant women using a wrist-worn tri-axial accelerometer. PLOS ONE, 6, €22922. doi:
10.1371/journal.pone.0022922

Vivatkusol, Y., Thavaramara, T., & Phaloprakarn, C. (2017). Inappropriate gestational
weight gain among teenage pregnancies: prevalence and pregnancy
outcomes. International Journal of Women’s Health, 9, 347-
352. doi: 10.2147/IIWH.S128941

Webber, L. S., Catellier, D. J., Lytle, L. A., Murray, D. M., Pratt, C. A., Young, D.R., &
Pate, R. R. (2008). Promoting physical activity in middle school girls trial of activity
for adolescent girls. American Journal of Preventive Medicine, 34, 173-
184. doi:10.1016/j.amepre.2007.11.018

Whisner, C. M., Young, B. E., Witter, F. R., Harris, Z. L., Queenan, R. A., Cooper, E. M., &
O'brien, K. O. (2014). Reductions in heel bone quality across gestation are attenuated in
pregnant adolescents with higher prepregnancy weight and greater increases in PTH
across gestation. Journal of Bone and Mineral Research,29,2109-2117.
doi:10.1002/jbmr.2233

Whitt-Glover, M. C., Taylor, W. C., Floyd, M. F., Yore, M. M., Yancey, A. K., & Matthews, C.
E. (2009). Disparities in physical activity and sedentary behaviors among US children
and adolescents: Prevalence, correlates, and intervention implications. Journal of Public
Health Policy,30. doi:10.1057/jphp.2008.46

Wise, N. J. (2015). Pregnant adolescents, beliefs about healthy eating, factors that
influence food choices, and nutrition education preferences. Journal of Midwifery &

Women's Health, 60, 410-418 , 410-418. doi1:10.1111/jmwh.12275

45



Zamora-Kapoor, A., & Walker, L. R. (2015). Excessive gestational weight gain in
adolescent and adult pregnancies: An overlooked public health problem. The Journal of

Pediatrics, 167, 515-517. doi:10.1016/j.jpeds.2015.06.044

46



