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Summary

Background—sStructured exergaming with prescribed moderate intensity physical activity has
reduced adiposity among adolescents. The extent to which adolescents reduce adiposity when
allowed to self-select intensity level is not known.

Objective—The objective of the study was to examine the influence of exergaming on adolescent
girls’ body composition and cardiovascular risk factors.

Methods—This randomized controlled trial assigned 41 overweight and obese girls aged 14 to
18 years to group-based dance exergaming (36 h over 3 months) or to a self-directed care control
condition. Body size and composition were measured by anthropometry, dual-energy X-ray
absorptiometry [%fat and bone mineral density {BMD}] and magnetic resonance imaging.
Cardiovascular risk factors included blood pressure, cholesterol, triglycerides, glucose and insulin.

Results—Attrition was 5%. Using analysis of covariance controlling for baseline value, age and
race, there were no significant condition differences. Per protocol (attended >75%), the
intervention group significantly decreased abdominal subcutaneous adiposity and increased trunk
and spine BMD (ps < 0.05). Per protocol (>2600 steps/session), the intervention group
significantly decreased leg %fat and decreased abdominal subcutaneous and total adiposity (s <
0.05).

Conclusion—Exergaming reduced body fat and increased BMD among those adolescent girls
who adhered. Further research is required before exergaming is recommended in clinical settings.
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Only 27% of adolescents achieve 60 min of daily moderate-to-vigorous physical activity
(MVPA) (1) as recommended by the Physical Activity Guidelines for Americans (2).
Insufficient physical activity contributes to obesity, which affects 18% of adolescent girls in
the USA (3). Two-thirds of obese adolescents have at least one risk factor for cardiovascular
disease (4), and obesity places children at increased life-time risk of skeletal fractures
because of disrupted bone development (5). The majority of children lose interest in
traditional exercise during adolescence, with up to 80% of children dropping out of
organized-sports activities between the ages of 12 and 17 years and even higher drop-out
rates among adolescent girls (6). There is a need for non-traditional physical activity
interventions to engage overweight and obese adolescent girls for sufficient duration to
result in significant, lasting health improvements.

Exergames, which are active video games that require gross motor movement, provide a
unique opportunity to increase physical activity in adolescents’ daily lives. Over 60% of
adolescents play video games for an average of 73 min/d (7). Systematic reviews indicate
that exergames elicit moderate intensity levels of physical activity (8) while being perceived
as fun and enjoyable (9). Engaging the lower limbs during exergaming achieves light-to-
moderate intensity physical activity (10), and dance exergaming has produced MVPA levels
among adolescent girls (11).

To accrue weight loss and cardiovascular health benefits, adolescents would need to
exergame at levels of MVPA for a sufficient duration and on a continual basis. A 20-week
school-based exergaming trial used pre-assigned exergaming routines and observed 1.6 kg
weight loss among overweight and obese adolescents who played exergames in a team (12).
However, providing adolescents with control over game play, i.e. allowing them to select
games to play and intensity level of play, is a key intrinsic motivator. Most importantly,
allowing children to play at their self-selected level represents a naturalistic depiction of how
the exergames are actually played. The use of pre-assigned routines produces boredom
during exergaming (13) and is not characteristic of how adolescents typically play
exergames, whereas allowing adolescents to select intensity level to tailor to their
capabilities is important to encourage adherence (14). It is not known if allowing adolescents
to self-select intensity level will achieve the same health improvements as observed with
pre-assigned routines.

The current study aimed to (i) determine the feasibility of completing a 12-week supervized,
group-based exergaming intervention with overweight and obese adolescent girls self-
selecting intensity level and (ii) examine the intervention’s effects on body composition and
cardiovascular risk factors. Dance exergames were selected for the appeal of dance to
adolescent girls (15). The hypotheses were as follows:

Hypothesis 1. 1t will be feasible to recruit, enroll and sustain adolescent girls’
participation in a 12-week group-based exergaming programme.
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Hypothesis 2: Participants randomized to the exergaming intervention will exhibit
improvements in body composition and cardiovascular risk factors compared with a
self-directed care control group.

Methods

Participants

Overweight and obese adolescent girls were recruited for study participation through school
health clinics, doctors’ offices, community events, news media, social media sites and
listserv emails. Out of 200 adolescents who expressed interest in the study, 41 met eligibility
criteria and were randomly assigned to either the exergaming intervention (7= 22) or control
group (n=19; See Supporting information Figure S1). Eligible participants were between
14 and 18 years of age, female, post-menarcheal and had a body mass index (BMI)
percentile =85th. Exclusion criteria included being pregnant, suffering from a serious
medical condition that contraindicated physical activity or video game play (i.e. physical
disability, cardiovascular disease, severe asthma and epilepsy), recent hospitalization for
mental illness or inability to comply with study procedures. All study procedures were
approved by the Pennington Biomedical Research Center Institutional Review Board.

Procedures

Parents of interested participants completed a screening form online or over the phone. If
participants met basic eligibility criteria, parents were contacted by a study coordinator to
schedule a clinic visit. At this baseline visit, participants consented to study participation (or
a parent/legal guardian provided consent and the participant provided written assent if the
participant was a minor). Participants who met all eligibility criteria were randomly assigned
by an interventionist into either the exergaming or control group. A biostatistician generated
the allocation sequence using block randomization to balance race distribution within
condition. Each participant in the exergaming condition started the 12-week intervention
within 4 weeks of baseline assessment. Investigators and assessment staff remained blinded
to the participant’s condition for the duration of the study.

Participants randomized to the exergaming intervention joined ‘Klub Kinect’and were
scheduled to attend three 1-h exergaming sessions per week for 12weeks. Sessions occurred
during the afternoon and early evening at Pennington Biomedical. Exergaming participants
danced for 60 min at each session concurrently with other participants, using dance video
games compatible with the Kinect® for the Xbox 360® (Microsoft, Redmond, WA) gaming
console. Three to four exergaming stations were set up in the classroom, and participants
could choose among the games Just Dance (versions 3, 4, 2014, and Greatest Hits) and
Dance Central (versions 2 and 3). Participants were allowed to self-select the games, songs,
dance mode, intensity level and dance partner(s); the only requirement was that they play
dance video games for 60 min at each session. Three ‘Gaming Coaches’ supervised the
sessions to provide ongoing motivation to participants. Incentive items that totaled less than
$15 per participant were provided throughout the 12 weeks to encourage attendance and
motivate participants to exercise at a high level.
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Participants randomized to the control condition did not take part in the exergaming
intervention and were asked to maintain their normal level of physical activity for 12 weeks.
Following the 12-week intervention period, participants from both conditions completed a
follow-up clinic visit. Follow-up visits occurred within 2.5 weeks of intervention end-date.
All participants received up to $300 in compensation throughout the study to partially offset
travel costs and were offered a 1-h nutrition counselling session after the final clinic visit.

Race/ethnicity was parent-reported. A brief physical examination was completed by a
physician, physician’s assistant or nurse practitioner during the baseline visit to determine if
the participant was physically capable of participating in the intervention without safety
concerns. A resting electrocardiogram was completed at baseline and was reviewed by a
study physician. No participants had abnormal electrocardiograms.

Baseline visit

Anthropometry was measured to the nearest 0.1 cm (0.1 kg for weight) at baseline and
follow-up. All measurements were taken twice with the reported value being the average of
both measurements. If the measures differed by greater than 0.5 units, a third measurement
was taken to replace the discrepant value. Standing height was measured using a Harpenden
stadiometer (Holtain Limited, Crymych, UK), and weight was measured using a Michelli
GSE 460 scale (G.T. Michelli Co., Baton Rouge, LA). Waist circumference was measured at
the natural waist (halfway between inferior border of rib cage and superior aspect of iliac
crest). BMI percentile was calculated based on the participant’s age, height and weight using
the CDC 2000 growth chart.

Blood pressure was measured at baseline and follow-up after the participant rested for 5 min
in a quiet room. The average of two systolic and diastolic measurements was used for
analysis, and blood pressure percentile was calculated based on age, sex and height (16).
Blood samples were collected at baseline and follow-up after a 10-h fast. Samples were
assessed for total cholesterol, triglycerides, glucose, insulin and high-density lipoprotein
(HDL)-cholesterol. Low-density lipoprotein (LDL)-cholesterol was calculated using the
Friedewald equation: LDL = total cholesterol — [{triglycerides/5} + HDL].

Body composition was assessed by whole-body dual-energy X-ray absorptiometry (DXA)
using a GE Lunar iDXA scanner (GE Medical Systems, Milwau-kee, WI) to quantify total
and regional body fat. Regions were automatically delineated using the software enCore
2011 version 13.60.033. Percent fat (% fat) of the whole body and specific regions [i.e. trunk
{shoulder to pelvis region}, gynoid {hip to thigh region}, android {waist to pelvis region}
and leg] were calculated as fat mass divided by the sum of fat and lean mass. Bone mineral
density (BMD in g cm~2) and bone mineral content (in g) were calculated for total (whole
body) and specific regions [i.e. trunk {shoulder to pelvis region} and spine].

Body composition was also measured with magnetic resonance imaging using a General
Electric Signa Excite 3.0 Tesla (GE Medical Systems, Milwaukee, WI) to quantify
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abdominal total (TAT), subcutaneous (SAT), and visceral adiposity (VAT). An eight-channel
torso array coil passed over the abdomen, capturing a series of five to eight cross-sectional
scans (4.78 cm apart) from the top of the liver to the bottom of the right kidney. Visceral
adipose tissue was quantified using the CNS Software Analyze package, with each slice’s
area multiplied by the slice gap (28 slices) by 0.000001 by voxel depth. The volumes were
then summed to estimate total visceral adipose tissue volume (litres) and multiplied by
0.9193 to calculate total mass (kilogrammes). A negative urine pregnancy test was required
prior to undergoing dual-energy X-ray absorptiometry or magnetic resonance imaging scans.

A medical history survey was completed by participants with parental assistance at baseline
to collect information about the participant’s individual and family medical history. This
survey was administered on a computer using research electronic data capture electronic
data capture tools hosted at Pennington Biomedical Research Center (17).

Intervention fidelity

Participant weight and attendance were recorded at each session by an interventionist. At the
end of each session, participants reported the amount of time spent exergaming and number
of steps taken. Participants used stopwatches and wore Omron GoSmart pedometers (Omron
Healthcare Inc., Bannockburn, 1llinois) during each session to aid in reporting this
information.

Statistical analyses

Results

To test Hypothesis 1, descriptive statistics were calculated to describe the recruitment,
enrollment and retention of participants. For the intervention participants, mean steps/
session were calculated to determine amount of physical activity attained.

To test Hypothesis 2, analysis of covariance controlling for baseline value, age and race was
computed for each variable of interest (i.e. body composition: BMI z-score, waist
circumference, total body fat, regional body fat, visceral and subcutaneous abdominal
adiposity, and total and regional bone mineral content and BMD; and cardiovascular risk
factors: blood pressure percentile, total cholesterol, HDL-cholesterol, LDL-cholesterol,
triglycerides and glucose). Analyses were performed as intent-to-treat and per protocol
based on intervention attendance and steps/session. Adherence was considered to be
attendance of =75% of sessions (=27 of 36 sessions) or achievement of an average of >2600
steps/session (to align with the median step count).

Forty-one participants were successfully recruited and enrolled into the study. The enrolled
sample was 64.3% Black/African American and 35.7% White, with 2.4% of participants
reporting Hispanic ethnicity. Average age at enrollment was 16 + 1.4 years (see Table 1 for
baseline descriptive characteristics of the sample).

Attrition was 5%, with two participants dropping out of the intervention condition: one
dropped out at the first session because of lack of interest, and one dropped out due to
mental health hospitalization. One control participant was removed from the analysis
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because of returning more than 2.5 weeks past the final visit end-date. No study-related
adverse events or side effects were reported.

Participants exergamed for an average of 61.2 + 6.5 min per session. On average,
intervention participants performed 2756 steps per 60 min (see Supporting information
Figure S2) and attended 79% of the 36 sessions. Thirteen of the 20 intervention participants
(65%) adhered to =75% of sessions, and 11 intervention participants (55%) achieved >2600
steps/session. Seven participants met both adherence metrics.

In the intent-to-treat analyses, there were no significant condition differences in any body
composition or cardiovascular risk factor variables. Effect estimates from analysis of
covariance models are reported in Table 2. In the per protocol analysis based on attendance,
compared with the control group, the intervention group significantly decreased SAT (p =
0.048) (Fig. 1). The intervention group significantly increased trunk BMD (o = 0.03) and
spine BMD (p = 0.008). No other body composition or cardiovascular risk factor variable
was significantly different by condition in the per protocol analysis based on attendance.

In the per protocol analysis based on steps/session, compared with the control group, the
intervention group significantly decreased SAT (p = 0.02), TAT (p=0.01), and leg %fat (0=
0.049). No other body composition or cardiovascular risk factor variable was significantly
different by condition in the per protocol analysis based on steps/session.

Discussion

The purpose of this study was to examine the feasibility of recruiting, enrolling and
sustaining participation among overweight and obese adolescent girls in a 12-week
exergaming intervention that involved 36 h of group-based dance exergaming and to
examine the intervention’s effects on body composition and cardiovascular risk factors.
Recruitment and enrollment were successful, and the average attendance of 79% in the
exergaming condition to 36 sessions over 12 weeks was higher than prior exergaming trials
(12). Home-based gaming has not been successful in achieving children’s adherence to the
prescribed amount of exergaming, with sharp declines in exergaming within the first several
weeks (18-20). The present study provided coach support in a group-based context, which
was previously demonstrated to increase intrinsic motivation and energy expenditure during
bouts of exergaming (13).

As predicted, participants assigned to the exergaming intervention reduced adiposity
compared with those in the control condition, but these significant findings were only
observed in the subset who adhered to the protocol (i.e. attended at least 75% of the
sessions; achieved at least 2600 steps/session), and there were no other significant effects on
cardiovascular risk factors. Whereas prior interventions that successfully decreased
adolescents’ body weight prescribed the intensity of the exergaming (12), the present study
allowed the participants to select intensity level. The present intervention was structured on a
physical activity trial by Lee et al. that provided the same duration of aerobic activity (12
weeks of 180 min/week) and significantly reduced adolescent girls’ total body fat and
visceral adiposity without weight change (21). However, the prior trial involved exercise on
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treadmills and ellipticals, and heart rate monitors were used to ensure adolescents met
intensity levels of 60-75% of Vopeak. Based on calculations that adolescent girls should
take between 11 500 and 14 000 steps/day to achieve the recommended 60-min of MVPA
(22), the average 2756 steps/session from the exergaming sessions represented between 20
and 24% of the steps needed to achieve an equivalent aerobic intensity dose as delivered in
the Lee et al. intervention (21). The present study provides evidence that dance-based
exergames can provide sufficient aerobic intensity to reduce adiposity among those who
adhere, even when the intensity is self-selected. Yet the self-selected intensity did not
produce a sufficient BMI zscore decrease (e.g. at least 0.25 to 0.50) (23,24) or adiposity
reduction (21) to achieve the cardiometabolic health improvements observed in prior trials.

The exercise and reduced adiposity involved in this exergaming intervention was sufficient
to protect against BMD loss in obese adolescent girls who adhered to the protocol. Retaining
bone mass is particularly important among adolescents with obesity, as obesity is inversely
associated with whole-body and spine BMD in adolescent girls, especially girls with one or
more cardiometabolic risk factors (25). Obesity thereby places adolescents at higher risk for
bone fractures and osteoporosis (26). Sustained exercise and weight loss attenuate BMD loss
in adults (27), but the optimal amount of weight loss or exercise to attenuate BMD loss in
adolescents is unknown (25). A physical training programme (3 h/week over 6 months) was
not sufficient to alter BMD among obese pre-pubertal children aged 9 to 12 years (28),
whereas the present intervention of 36 h of exergaming did attenuate BMD loss in post-
pubertal girls. Further research should investigate the intensity and frequency of exergaming
needed to achieve clinically significant increases in BMD in this population and the
underlying mechanisms that drive these associations.

Strengths of this study included the randomized controlled trial design and the gold standard
measurements of body fat, bone mineral density and cardiovascular risk factors. By allowing
adolescents to self-select intensity level, the study was designed for generalizability such
that this intervention could be implemented in the school, gym or home setting with other
students, friends and family members, without the need for prescribed routines or heart rate
monitoring. The sample was two-thirds African American, and all participants were
overweight or obese, including several who were severely obese. Participants self-selected
their intensity level which was both a strength for generalizability and a limitation for
internal validity. A potential limitation for the generalizability of this intervention in other
settings is the reliance on coaches to support gaming, although similar support could be
provided by teachers or family members. To enhance the potential for adiposity reduction
and improvement in cardiovascular health, future studies should examine ways to increase
the intensity level of exergaming to match the aerobic dose delivered in exercise training
studies (21). Additionally, future studies should investigate the role of exergaming as a
physical activity tool imbedded in a multidisciplinary weight loss intervention that includes
both dietary and behavioural counselling (29).

Conclusion

In conclusion, 36h of group-based dance exergaming over 12weeks attenuated adiposity gain
and increased BMD among participants who adhered to the intervention, even when
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adolescents, were allowed to self-select intensity levels. Exergames may address a key
challenge to adolescent girls’ participation in physical activity by providing a fun and
enjoyable activity that will be sustained over time. Ensuring that adolescents play these
exergames with sufficient frequency, intensity and duration is essential to reap
cardiovascular health benefits.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Change in subcutaneous adipose tissue after 12-week exergaming intervention.
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Table 1

Intervention (n = 22)

Control (n =19)

Age (years) 15.3(1.2)
Race
White (%) 36
African American (%) 64
Anthropometry
Weight (kg) 97.2 (27.3)
Height (cm) 160.4 (5.9)
BMI (zscore) 2.1(0.5)
BMI (percentile) 97.4 (2.9)
Waist circumference (cm) 107.3 (22.0)
DXA
Total body fat (kg) 47.0 (19.7)
Total body fat (%) 48.3 (7.7)
Leg fat (kg) 16.2 (5.6)
Leg %fat 48.3 (5.6)
Gynoid fat (kg) 7.6 (2.5)
Gynoid %fat 49.8 (6.5)
Android fat (kg) 42(2.2)
Android %fat 53.8 (10.5)
Trunk fat (kg) 25.1(13.6)
Trunk %fat 50.6 (9.5)
BMC (kg) 2.6 (0.3)
BMD (g cm™2) 1.2(0.1)
BMD trunk (g cm™?) 1.1(0.1)
BMD spine (g cm™?) 1.1(0.2)
BMD leg (g cm™2) 1.3(0.1)
MRI 7
Visceral adipose tissue (kg) 1.0(0.7)
Subcutaneous adipose tissue (kg) 12.1 (5.6)
Total adipose tissue (kg) 13.1(5.9)
Cardiovascular risk factors
SBP (percentile) 63.5(25.2)
DBP (percentile) 60.9 (22.3)
Cholesterol (mg dL™?) 149.6 (21.6)
HDL-C (mg dL™%) 47.4(7.3)
LDL-C (mg dL™?) 86.4 (19.2)
Triglycerides (mg dL %) 78.9 (49.4)
Glucose (mg dL™?) 87.6 (6.4)

16.1 (1.4)

39
61

101.1 (26.1)
164.9 (5.8)
2.1(0.5)
97.1(3.3)

107.7 (21.1)

48.0 (17.0)
482 (6.3)
16.2 (4.7)
48.0 (5.2)
8.1(22)
50.1 (4.9)
44(23)
54.3(9.2)
26.1 (12.1)
50.5 (8.1)
27(03)
12(0.1)
1.1(0.1)
1.2(0.1)
1.3(0.1)

1.0(0.7)
12.3 (5.7)
13.3 (6.3)

56.6 (30.1)
66.4 (20.5)
163.1 (27.3)
52.7 (10.5)
94.4 (22.9)
80.0 (42.4)
91.8 (21.8)
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Intervention (n=22) Control (n =19)

Insulin (MU mL"%) 24.2 (15.2) 19.4 (10.4)

Note. Mean values (standard deviation).

fMRI sample size was 7= 21 in intervention, 7= 17 in control.

BMC, bone mineral content; BMD, bone mineral density; BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; MRI, magnetic resonance imaging; SBP, systolic blood pressure.
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