DIABETES RESEARCH AND CLINICAL PRACTICE I54 (2019) 3542

Contents available at ScienceDirect

Dlabej[e_s Resear(_:h International
and Clinical Practice Diabetes

journal homepage: www.elsevier.com/locate/diabres

Federation

Reduction in HbA1lc with Exercise videogames )

Check for

among participants with elevated HbA1lc:
Secondary analysis of the Wii Heart Fitness trial

Beth C. Bock “™", Shira I. Dunsiger *”, Wen-Chih Wu “, Joseph T. Ciccolo®, Eva R. Serber”,
Ryan Lantini®, Bess H. Marcus *°

& Centers for Behavioral & Preventive Medicine, The Miriam Hospital, Providence, RI, United States

® Department of Psychiatry & Human Behavior, Alpert Medical School of Brown University, Providence, RI, United States

¢ Department of Behavioral & Social Sciences, School of Public Health of Brown University, Providence, RI, United States

4 Department of Medicine, Alpert Medical School of Brown University and Department of Cardiology, Providence VA Medical

Center, Providence, RI, United States

€ Department of Applied Physiology, Teachers College at Columbia University, New York, NY, United States
fDepartment of Psychiatry & Behavioral Sciences, Medical University of South Carolina, Charleston, SC, United States

ARTICLE INFO

Article history:

Received 4 January 2019
Received in revised form

3 June 2019

Accepted 18 June 2019
Available online 22 June 2019

Keywords:

Video games
Exercise
Physical activity
Diabetes
Prediabetes

ABSTRACT

Aims: Physical activity plays an important role in blood glucose management, yet most
adults with elevated blood glucose do not engage in regular physical activity. Exercise
videogames (EVGs) may be an attractive alternative for persons who have not found stan-
dard exercise modalities appealing.

Methods: This sub-study within a larger trial examined the effects of 12 weeks of EVGs ver-
sus standard exercise (e.g., treadmill, cycling) and a control condition among individuals
with elevated HbAlc (100% prediabetic). This study was conducted at a university research
lab. Outcomes included HbAlc and weekly minutes of moderate to vigorous physical activ-
ity (MVPA) assessed using self-report and accelerometer. Other health risk indices (e.g.,
lipids) and psychosocial constructs shown to influence exercise participation (e.g., intrinsic
motivation) were assessed.

Results: Participants (n = 84), averaged age 51.4 years (range 20-79), 80% were female, and
77.4% were non-Hispanic. Baseline HbAlc ranged from 5.7% to 6.4% (39-49 mmol/mol).
At week 12, EVG participants demonstrated an average 2% reduction in HbAlc compared
to a 0.6% reduction in Standard and Control groups (p’s = 0.04 and 0.03). EVG participants
engaged in significantly more MVPA than Standard (+17 min/week) and Controls
(+54 min/week) (p’s < 0.05), had reduced LDL cholesterol (p =0.05) and trends suggesting
reduced body fat (p = 0.10). EVG participants reported higher exercise enjoyment and moti-
vation compared to other participants.

Conclusions: EVGs may be an attractive and effective tool to improve management of blood
glucose that might contribute toward preventing the onset of type 2 diabetes among those

with prediabetes.
© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

The prevalence of type-2 diabetes continues to grow and cur-
rently affects 9.4% of U.S. adults affecting over 30 million peo-
ple [1], and accounts for 90-95% of all diabetes cases.
Prediabetes, a condition indicated by hemoglobin Alc (HbAlc)
of 5.7-6.4% (39-46 mmol/mol) is associated with increased
risk of developing type-2 diabetes. The incidence of predia-
betes is also on the rise [1,2]. An estimated 33.9% of U.S. adults
aged 18 years or older (84.1 million people), and nearly half
(48.3%) of adults aged 65 years and older have prediabetes
[1]. Approximately 5-10% of people with prediabetes will
develop type-2 diabetes each year [3].

The risk of type-2 diabetes increases with age, obesity and
physical inactivity [2]. Risk factors for both diabetes and pre-
diabetes include an elevated body mass index (BMI > 25 kg/
m?), physical inactivity, low levels of high-density lipoprotein
(HDL) cholesterol and elevated triglycerides [4]. Lifestyle inter-
ventions that emphasize changes in diet and increasing regu-
lar physical activity are a first-line approach to the treatment
of prediabetes and type-2 diabetes [4]. Research data demon-
strate that participating in regular physical activity may delay
or avoid the progression of prediabetes to type-2 diabetes [5].
Patients who do not respond to lifestyle interventions may
need to be considered for pharmacologic and other more
invasive medical interventions.

Despite the benefits of physical activity, less than half of
American adults, including those with type-2 diabetes and
prediabetes engage in regular physical activity [6]. Exercise
videogames (EVG) may be a practical, attractive and easily dis-
seminated form of exercise, which may appeal to individuals
who have not found traditional forms of physical activity
engaging [7,8]. However, there is insufficient research to
determine whether EVG play alone is sufficient to engender
prolonged engagement in physical activity or make clinically
meaningful improvements in HbAlc, lipids or other health
indices relevant to reducing the risk of type-2 diabetes.

We recently conducted a randomized clinical trial examin-
ing the efficacy of EVGs for promoting and maintaining phys-
ical activity and for reducing cardiovascular risk among 285
generally healthy adults [9,10]. Participants were randomized
to a program of either EVGs or Standard exercise (e.g., tread-
mill walking, stationary cycling), or a Control condition.
Results showed that median time spent in moderate to vigor-
ous physical activity (MVPA) among EVG participants at end of
treatment (EOT) was 85 min/week greater than that of Con-
trols (b =85.67, 95% CI: 36.97-134.38). Standard exercise par-
ticipants also engaged in significantly more MVPA at EOT
compared to Controls (b=55.67, 95% CI: 7.66-103.70). Most
interesting, EVG participants engaged in significantly more
MVPA (+17 min/week) at EOT compared to the Standard exer-
cise condition (b = 30.00, 95% CI: 4.46-64.46). Among EVG (but
not Standard) participants, minutes of weekly MVPA
remained significantly higher than controls though the six-
month follow up (b = 16.00, 95% CI: 0.91-75.91).

While all participants were screened by self-report for no
history of type-2 diabetes, 86 individuals who enrolled in that

study had elevated HbAlc values at baseline (>5.7%;
>39 mmol/mol). The goal of the present study is to examine
the effect of EVGs on time spent in MVPA, HbAlc, and other
health risk indices among this sample of adults with elevated
HbAlc.

2. Methods
2.1.  Study design

For this sub-study we analyzed data from 84 participants in
the parent trial who had an HbA1lc in the prediabetic range
(HbA1lc 5.7-6.4%; (39-46 mmol/mol).

Detailed methods used in the parent study have been pub-
lished elsewhere [9]. In brief, individuals who phoned in
response to advertisements were screened for eligibility
(e.g., generally healthy, age > 18 years, no health conditions
that would limit or contraindicate exercise, did not own a
video game console). Eligible individuals provided written
informed consent and completed assessments at program
entry that included objective and self-report measures of
physical activity, laboratory testing for physiological (health
risk) outcomes (e.g., body composition, fitness testing) and
completed survey instruments assessing psychosocial con-
structs derived from Social Cognitive Theory (SCT) and Self-
Determination Theory (SDT). Both SCT and SDT have been
widely studied for the promotion of physical activity [11,12].
Research has shown that psychosocial constructs derived
from these theories including self-efficacy [13], self-
regulation [14], and perceived enjoyment of physical activity
[15,16] predict physical activity participation.

Participants were randomly assigned to either: (a) EVGs or
(b) Standard exercise; or (c) a Control group that received
weekly mailings on general health topics not related to phys-
ical activity or diet (e.g., health screenings, sleep hygiene, sun
protection, handling ‘cold and flu season’). Participants in
both EVG and Standard conditions attended exercise sessions
in our laboratory (50 min, 3 times weekly for 12 weeks). All
exercise sessions were supervised by trained research staff
that monitored each participant’s heart rate (Polar RS400
monitor) throughout each session to ensure that he/she was
engaging in physical activity within their targeted range for
moderate-to-vigorous physical activity (MVPA). The target
heart rate range for MVPA was calculated using the Karvonen
Formula [17].

2.2. Measures

The primary outcome for this sub-study was HbAlc at EOT.
Other measures included minutes of MVPA at EOT (Week
12), and through 6-months follow up using the interviewer-
administered 7-day Physical Activity Recall (PAR) interview
[18,19], and objective (accelerometer) data. The PAR is a reli-
able well-validated instrument that captures and categorizes
time spent in various activities including moderate and vigor-
ous physical activity, sedentary activities and time spent
sleeping. Physiological assessments conducted at study
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enrollment (baseline) and EOT included blood draws for
HbA1lc and lipid testing (total cholesterol, triglycerides, HDL
and LDL). Dual energy X-ray absorptiometry (DXA) was used
to assess body composition including muscle, fat, and bone
mass measurements collected from whole body and regional
areas (e.g., trunk) [20]. Anthropomorphic measures included
waist and hip circumference, height and weight (assessed
using a calibrated balance beam scale).

Participants completed surveys at baseline, EOT and all
follow-ups to assess psychosocial constructs derived from
SCT and SDT posited to influence physical activity uptake
and continuance. These included the following: The Exercise
Motivations Inventory (EMI) [21] which assesses eight types of
motivation for exercise from the perspective of SDT (i.e.,
stress management, revitalization, affiliation, health pres-
sures, ill health avoidance, positive health, strength and
endurance and nimbleness), the Behavioral Regulation in
Exercise Questionnaire (BREQ-2) [22] was used to assess self-
determined motivation in physical exercise. The BREQ-2 con-
tains five subscales (i.e., external, introjected, identified,
intrinsic and amotivational). The 12-item Exercise-Induced
Feeling Inventory (EFI) was used to assess four distinct feeling
states (i.e., Revitalization, Positive engagement, Tranquility
and Physical exhaustion) occurring in response to physical
activity [23]. Enjoyment of physical activity assessed using
the 8-item Physical Activity Enjoyment Scale (PACES) [24],
and a 5-item instrument assessing Self-efficacy for physical
activity. Dietary patterns were assessed using the Rate Your
Plate (RYP) instrument [25], which is a simplified food-
frequency questionnaire that focuses on foods contributing
to the most fat, saturated fat, and cholesterol to the American
diet.

2.3.  Statistical analyses

Descriptive statistics for the overall study (n = 285) have been
presented elsewhere [10]. Using Analysis of Variance (ANOVA)

for continuous variables, chi-squared tests for categorical
variables and non-parametric tests as appropriate, baseline
demographics, physiologic data and measurements were
compared between conditions among the sub-sample of par-
ticipants with elevated HbAlc (n = 84). Any variables not bal-
anced across conditions were included as covariates provided
they were correlated with the outcome under consideration
(at a modest p < 0.10 level).

Unadjusted outcomes are presented by study arm. Using a
series of generalized linear models, we tested the association
between condition and outcomes at EOT controlling for base-
line. Models allow for a flexible distribution of the outcome,
as well as adjustment for confounders (including diet). Con-
trasts were specified so that all pairwise comparisons could
be made: EVG vs Standard Exercise, EVG vs Control and Stan-
dard Exercise vs. Control. Models use a likelihood-based
approach to estimation, and thus included all randomized
participants with prediabetes/diabetes, without directly
imputing missing outcomes.

As in the parent study, we used Quantile Regression to
model physical activity outcomes, as the median is a better
measure of central tendency when outcomes are skewed (as
is the case with min/week of MVPA). Models included condi-
tion (specified with contrasts to allow for pairwise compar-
isons) and adjusted for baseline value. All analyses were
carried out in SAS 9.3 with alpha set at 0.05 (except where
otherwise specified).

3. Results

An equivalent allocation of participants was randomized to
each treatment condition (n =27, 28 and 29 in EVG, Standard
and Control, respectively). Participants averaged 51.4 years of
age (SD = 11.5, range 20-79), 79% were female, and 77.4% were
non-Hispanic white. A full description of the baseline
characteristics of this sample is presented in Table 1. There
were no significant differences in baseline variables between

Table 1 - Sample Characteristics.

Variable Control (n = 29) Standard (n = 28) EVG (n =27) All (n =84)
Age in years, mean (SD) 52.0 (9.1) 52.3 (13.5) 49.3 (11.2) 51.4 (11.5)
Gender, % female 26 (89%) 19 (70%) 21 (78%) 66 (80%)
Employed, % yes 20 (74%) 20 (71%) 19 (73%) 59 (73%)
Marital Status, % married/partnered 17 (65%) 18 (69%) 15 (56%) 50 (63%)
Education, % at least some college 22 (85%) 23 (88%) 22 (81%) 67 (85%)
Ethnicity, % Hispanic 2 (10%) 1 (4%) 2 (9%) 5 (7%)
Race, % White 24 (83%) 25 (89%) 21 (78%) 70 (83%)
Waist Circumference 96.9 (13.3) 99.1 (14.9) 98.4 (12.9) 98.1 (13.6)
Hip Circumference 111.1 (12.2) 109.6 (11.6) 111.9 (10.8) 110.9 (11.5)
LDL Cholesterol 134.3 (38.4) 147.1 (34.1) 138.3 (54.3) 139.8 (42.7)
HDL Cholesterol 58.2 (15.6) 54.3 (11.7) 57.7 (17.7) 56.7 (15.1)
Triglycerides 109.6 (54.8) 128.6 (70.3) 127.3 (93.6) 121.6 (73.8)
MVPA min/week Median =0 Median = 40 Median = 30 Median = 32.5
Range 0-420 Range 0-310 Range 0-220 Range 0-420
HbA1lc % (mmol/mol) Mean = 5.9 (0.14) Mean = 5.9 (0.20) Mean = 5.8 (0.23) Mean = 5.9 (39)
Range Range 5.7-6.1 Range 5.7-6.4 Range 5.7-6.6 Range 5.7-6.4

Abbreviations: EVG, exercise video games; MVPA, moderate to vigorous physical activity; Data are presented as mean (SD), n (%) or median with

interquartile range.

There were no significant between-group differences at baseline (p’s > 0.05).
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Table 2 — Adjusted Effects of Condition on Physical Activity, Physiological and Psychosocial Outcomes.

EVG vs Control

Standard vs Control EVG vs Standard

HbA1c at EOT* —0.16 (0.06)
MVPA at EOT 54 (44.75)
Total cholesterol —11.19 (8.63)"
LDL —20.09 (10.04) °
HDL —1.86 (2.51)
Triglycerides —12.19 (14.52)
Body fat (total) -1.19 (0.8)"
Body fat (trunk) —1.42 (1.00)"
Enjoyment of exercise 6.04 (3.26)
Regulation —0.07 (0.20)
Engagement 1.39 (0.80)
Self-efficacy 0.25 (0.24)
Motivation (Stress Management) 1.22 (1.03)
Waist circumference — 5.35 (3.10)
Weight —6.34 (3.77)"

0.04 (0.08) —0.15 (0.06)
40 (45.01) 17 (3.21)
—12.63 (8.53)" 1.45 (7.39)
—10.97 (10.84) -9.12 (9.37)
—1.45 (2.48) —0.41 (2.18)
—0.25 (14.43) —11.94 (12.52)
0.20 (0.86) —0.62 (0.78)
—0.33 (1.08) —0.76 (0.99)
1.61 (3.33) 4.43 (2.79)"
0.11 (0.20) - —0.18 (0.17)
1.59 (0.80) - —0.22 (0.69)
0.28 (0.24) —0.03 (0.21)
—0.01 (1.02) 1.21 (0.87)"
— 3.03 (3.04) —2.32 (2.73)
0.38 (3.84) —6.71 (3.48)"

Abbreviations: EOT, end of treatment; MVPA, moderate to vigorous physical activity; LDL, low density lipoprotein; HDL, high density

lipoprotein.
Effects are unstandardized regression coefficients (SE'’s).
1 Mean difference in HbAlc between groups at end of treatment.
" p<0.05.
T p=0.10.

conditions (p’s > 0.05). EVG participants attended an average of
26.31 (73.1%) Sessions over 12 weeks (SD = 7.88) and Standard
participants attended an average of 27.54 (76.5%) sessions
(SD = 8.30), with no significant between-group differences.

EVG participants had significant reductions in HbAlc by
EOT compared to Controls (b =-0.16, SD = 0.06, p = 0.04) and
compared to Standard participants (b=-0.15, SD=0.06,
p = 0.03). Specifically, EVG participants had a 2% reduction in
HbA1c on average by EOT compared to 0.6% reduction in both
Standard and Control groups (p’s = 0.04 and 0.03). There was
no significant difference in HbAlc between Standard and
Controls (p = 0.62). No interaction was observed between ini-
tial HbA1lc at baseline and the effect of intervention on HbAlc
level at EOT. At baseline 100% of participants in this study had
Alc >5.7. At EOT, 70.3% of participants had Alc > 5.7 (29.7%
had Alc levels below 5.7). Analyses of randomization groups
showed that 50.0% of EVG, 20.8% of SE and 12.5% of Controls
had Alc below 5.7 at EOT (Table 3).

3.1.  Physical activity

The pattern of findings with respect to MVPA outcomes was
similar in this sub-sample of participants with elevated
HbAlc as with the larger sample in the parent study [10].
Within this sub-sample, here was no significant difference

in exercise intensity during the 12-week intervention. During
supervised exercise sessions, median heart rate was 111 bpm
in the EVG group (inter quartile range = 31) and 106 bpm (inter
quartile range = 30) for Standard exercise. EVG participants
engaged in significantly more min/week of MVPA at EOT com-
pared to both Standard (+17 min) and controls (+54 min), with
Standard also outperforming controls at EOT (+40 min/week).
At six months, EVG participants had significantly greater
median min/week of MVPA compared to Control (b =16.00,
95% CI: 0.92-75.91). There was no difference in MVPA at six
months between Standard and Control and a trend for EVG
vs. Standard (b=8.31, 95% CI: —7.80-64.43). Objective data
obtained from accelerometry was significantly correlated
with MVPA data obtained using the PAR at baseline and
EOT, though not significant at 6-month follow-up (rtho =0.29,
p=0.03 at baseline, tho=0.41, p=0.02 at EOT, rho=0.22,
p =0.32 at 6-month follow-up).

3.2. Other health risk indices

EVG participants had significantly lower levels of LDL choles-
terol at EOT compared to Control (p=0.05 b=-20.09,
SE = 10.04). There was no difference for comparisons of Stan-
dard vs Control (p = 0.32), or EVG vs Standard (p = 0.33). Results
also indicated a trend for differences in total cholesterol

Table 3 - Percent of participants in each randomization group with HbA1c Levels in the normal or prediabetic range, at

baseline and end of treatment (EOT).

HbAlc EVG (n=27) Standard (n = 28) Control (n = 29)

Baseline EOT Baseline EOT Baseline EOT
<5.7 0 50% 0 20.8 0 12.5
5.7-6.4 100 50% 96.4 79.2 100 87.5
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between EVG vs Control and for Standard vs. Control
(p’s = 0.10), with lower total cholesterol at EOT for both EVG
and Standard compared to Controls (b’s=-11.19, SE =8.63
and —12.63, SE = 8.53, respectively). Total cholesterol did not
differ significantly between EVG and Standard (p = 0.85). There
were no significant differences in HDL, triglycerides, or waist
and hip circumference between groups (p’s>0.15). Finally,
data suggested a trend favoring EVG over Control for lower
percent trunk fat at EOT (b= -1.42, SE=1.00, p=0.10) and
total body fat at EOT (b = —1.19, SE = 0.81, p = 0.10). No signifi-
cant differences were noted for Standard vs. Control or for EVG
vs Standard (p’s > 0.15) in total or trunk fat. Finally, there were
no significant differences between conditions on dietary pat-
terns (RYP), weight or BMI (p’s > 0.15), although a trend favor-
ing EVG on weight loss compared to Standard (p = 0.06) and
Control (p = 0.10). These data are presented in Table 2.

3.3. Psychosocial factors

EVG participants had significantly greater exercise enjoyment
(PACES) scores at EOT vs Control (b = 6.04, SE = 3.26, p = 0.05),
and a trend for higher enjoyment scores compared to Stan-
dard (b=4.43, SE=2.79, p=0.10). There were no differences
in exercise enjoyment between Standard vs Control
(p = 0.63). Measures of motivation showed significantly higher
intrinsic regulation (BREQ) scores at EOT in the EVG group vs
Control (b = 0.65, SE =0.23, p=0.01) and Standard vs Control
(b=0.61, SE=0.09, p<0.001), as well as higher positive
engagement (EMI) in EVG vs Control (b=1.39, SE=0.80,
p=0.05) and Standard vs Control (b=1.59, SE=0.80,
p = 0.05). There were no significant differences between EVG
and Standard (p =0.76) conditions in positive engagement.
Data suggested a trend toward higher scores on exercise for
stress management (EMI) at EOT among EVG vs Standard par-
ticipants (b=1.21, SE=0.87, p=0.10). No significant differ-
ences in exercise self-efficacy were observed between
groups. A full description of group effects on each the physi-
cal activity, physiological and psychosocial outcomes at EOT
are presented in Table 2.

4, Discussion

To our knowledge this is the first randomized clinical trial to
demonstrate greater improvements in HbAlc among adults
using EVGs compared to Standard exercise modalities and
Controls. In this study we observed a significant reduction
in HbAlc among those using EVGs compared to both a no-
intervention control and a standard exercise condition. Only
one previous study has examined changes in HbAlc among
those using EVGs [26]. In that study, adults diagnosed with
type-2 diabetes showed significant within-subject (pre-post)
improvements in physical activity participation, body mass
index and HbAlc (—0.3%) after 12 weeks of home use of the
Wii Fit Plus. In the present study a comparatively larger
(—2%) reduction in HbAlc was observed among EVG partici-
pants versus Standard exercise and Control groups (both
—0.6%), and a significantly larger proportion of those random-
ized to EVG had normal levels of HbAlc (i.e., <5.7) compared
to either standard exercise or controls.

Lifestyle interventions that focus on weight loss, dietary
changes and physical activity are recommended by the Amer-
ican Diabetes Association as the first line of treatment to pre-
vent or delay the onset of type-2 diabetes [4]. Engaging in
regular physical activity has demonstrable beneficial out-
comes for adults with type-2 diabetes [28-30] and those in
prediabetes [31] including improved weight loss, increased fit-
ness, reduced medication usage and improvements in
HbA1lc/fasting glucose. Although no diet or weight loss inter-
vention was included in the current study, results of this
study suggest that improvements in the cholesterol profile
can be achieved despite minimal to no weight loss.

Studies of interventions to prevent the onset of type-2 dia-
betes have been less clear regarding the effects of exercise
alone. A recent systematic review of studies among adults
who were at high risk for diabetes onset due to impaired glu-
cose tolerance indicated that interventions that combine
physical activity and diet can significantly delay or reduce
the onset of type-2 diabetes [32]. In preventing diabetes onset,
such lifestyle interventions compare well with pharmacother-
apies. Indeed, interventions that combine physical activity
and weight loss have been shown to reduce the risk of devel-
oping diabetes by 58% versus metformin which reduced the
risk by 31% [33]. More importantly, in this study increased
physical activity by way of EVGs was able to achieve results
similar to pharmacotherapy without the side effects associ-
ated with the anti-diabetes medications [34]. EVGs also
appear to be more enjoyable and thus, perhaps more sustain-
able than standard forms of physical activity. Given that the
current evidence is still lacking to support physical activity
alone as a method to prevent diabetes onset [32], this study
builds on previous trials to support physical activity through
EVGs as a safe method to significantly lower glycaemia in
individuals with abnormal HbA1c levels.

The present study used rigorous methods including super-
vised laboratory exercise sessions, continuous heart rate
monitoring during sessions and physical activity assessments
that included an interviewer-administered self-report mea-
sure and objective accelerometry. Both EVG and Standard
groups attended the same number of lab exercise sessions
for the same duration. Thus, differences between these
groups in weekly MVPA minutes measured at EOT are reflec-
tive of physical activity performed outside the lab, suggesting
that EVG participation may generalize to encourage uptake of
other forms of physical activity in addition to playing EVGs
(since participants did not have an exercise video game con-
sole at home during the 12-week intervention). This may in
part be explained by the increased levels of enjoyment of
physical activity (PACES) and stress management (EMI) that
were seen among those randomized to EVGs compared to
Standard exercise and controls. Individuals randomized to
EVG also showed significantly higher Intrinsic regulation
(BREQ-2) and Positive engagement (EFI) compared to controls.
These constructs are derived from Self-Determination Theory
(SDT) and have been widely studied in the promotion of phys-
ical activity [11,12] and may provide a foundation for under-
standing the role of EVGs in physical activity SDT proposes
that people are likely to persist in a behavior that satisfies
psychological needs such as autonomy and competence
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[35-37] resulting in increased intrinsic motivation, which in
turn is posited to produce more dedication to goal attainment
and to maintaining behavior over time. Studies have shown
that enjoyment of physical activity [15,16] is predictive of
greater physical activity participation [38]. Research on non-
active video games indicates that perceived in-game compe-
tence and autonomy predict game enjoyment, preferences,
duration of play, and post-play feelings of well-being [39].
The effects seen in this study of EVGs on these constructs
may help to explain the greater participation in MVPA seen
among participants randomized to EVGs which, in turn,
may have affected outcomes such as reductions in HbAlc,
body fat and other risk factors.

4.1. Limitations

An important limitation of this study was that it was not
designed to effect change on HbA1lc specifically, and therefore
the sample size was smaller, the analyses were not powered
appropriately, and confounding variables were not necessar-
ily included (as noted above). Regardless, stunning significant
change was demonstrated.

Second, the exercise conditions in this study were con-
ducted in supervised laboratory conditions. We therefore can-
not determine whether compliance with recommended levels
of exercise would be seen if EVGs were used solely in the
home environment. The study by Kempf and Martin [26]
reported less MVPA among their participants in a home-use
protocol than was seen in the present study. Supervised, con-
trolled exercise intervention studies are effective in prevent-
ing the onset of type 2 diabetes [40], however, long term
adherence to exercise remains problematic [31]. There is a
need to identify effective approaches to enhancing adherence
to long-term lifestyle changes including exercise, particularly
among sedentary individuals and those at elevated risk for
metabolic disorders including diabetes and prediabetes.

Third, this study did not include an extended follow up.
Studies of diabetes prevention often follow participants for
two years or longer [41]. In the present study participants
were assessed for MVPA for 6 months following the end of
treatment. While EVG participants continued to engage in
more MVPA than those in the Standard and control arms dur-
ing the 6-month follow up, overall MVPA levels dropped and it
is unclear whether the lower amounts of MVPA seen at follow
up would have continued to impact HbAlc significantly.

Fourth, there was a limited range of HbAlc values in this
study. HbAlc values represented primarily levels below the
diagnostic threshold for type-2 diabetes (6.5 mg/dl). Nearly
all participants (97.6%) had HbA1lc values in the pre-diabetic
range (5.7-6.4 mg/dl). A meta-analysis examining the efficacy
of pharmacologic therapies found the degree of reduction in
HbA1lc is higher with higher levels of HbAlc at baseline [27].
However, similar work has not been done with physical activ-
ity interventions in those with prediabetes. Thus, it is not
known whether EVGs may prove more or less effective in
reducing HbAlc among those with higher HbA1lc levels than
were seen in this trial.

Finally, this study did not include comprehensive mea-
sures of glucose metabolism. We did not assess fasting blood
glucose, glucose tolerance or assays of insulin resistance.

However, HbAlc is the best indicator of overall glycemic con-
trol [42] as it is the best measure of chronic glycaemia, more
closely associated with risk of complications, and less bio-
logic variability than glucose-based tests.

4.2, Conclusions

When used under supervised laboratory conditions, a 12-
week program of EVGs outperformed standard exercise and
controls for reductions in HbAlc in individuals with HbAlc
levels in the prediabetes to diabetes range. Results of this
study indicate that when used in this laboratory setting, EVGs
compare well with the effects of pharmacotherapies and life-
style interventions for their effects on HbAlc. Additional
long-term studies are needed to verify the efficacy of super-
vised exercise training sessions versus broader lifestyle inter-
ventions regarding their ability to prevent the onset of
diabetes in people with prediabetes and to examine the rela-
tive cost effectiveness.
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