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Effects of Active Video Games on Energy Expenditure in Adults:
A Systematic Literature Review

Nirjhar Dutta and Mark A. Pereira

Background: The objective of this study was to estimate the mean difference in energy expenditure (EE) in healthy adults between playing
active video games (AVGs) compared with traditional video games (TVGs) or rest. Methods: A systematic search was conducted on Ovid
MEDLINE, Web of Knowledge, and Academic Search Premier between 1998 and April 2012 for relevant keywords, yielding 15 studies. EE
and heart rate (HR) data were extracted, and random effects meta-analysis was performed. Results: EE during AVG play was 1.81 (95% CI,
1.29-2.34; I> = 94.2%) kcal/kg/hr higher, or about 108 kcal higher per hour for a 60-kg person, compared with TVG play. Mean HR was 21
(95% CI, 13.7-28.3; I> = 93.4%) beats higher per minute during AVG play compared with TVG play. There was wide variation in the EE
and HR estimates across studies because different games were evaluated. Overall metabolic equivalent associated with AVG play was 2.62
(95% CI, 2.25-3.00; I?> = 99.2%), equivalent to a light activity level. Most studies had low risk of bias due to proper study design and use of
indirect calorimetry to measure EE. Conclusion: AVGs may be used to replace sedentary screen time (eg, television watching or TVG play)

with light activity in healthy adults.

Keywords: sedentary time, screen time, meta-analysis, physical activity

Prolonged sedentary screen-based activity has been associated
with obesity, diabetes, cardiovascular disease, and premature mortal-
ity regardless of participation in physical activity (PA).!?> There are
many studies that show that breaking down prolonged sedentary
time (1.5 metabolic equivalent of task [MET] or below) with light
activity (2-3 MET level) is beneficial.>> However, interventions
focused solely on the message of reducing sedentary screen time
do not seem to be effective, possibly because people value their
screen time.® According to a 2006 survey, about 45% of American
adults play traditional video games (TVGs) with a hand controller.”
A replacement active behavior is most likely to be successful if it
also is screen based, is enjoyable, and can be performed from the
comfort and safety of one’s home.

Two systematic reviews in children showed that active video
games (AVGs), where players physically interact with on-screen
images by using various arm/leg/whole-body movements, may
be suitable candidates to be a replacement activity (at least in the
short term) because they may stimulate energy expenditure (EE)
similar to light to moderate PA while still being enjoyable and
able to be done in the comfort of one’s home.?? AVGs have now
become mainstream as all 3 of the major video-game console
manufacturers have AVG options for their main consoles (Sony
PlayStation 3 Move, Microsoft Xbox 360 Kinect, and Nintendo
Wii), and there are many video games (eg, Wii Fit, Wii Sports, and
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Just Dance) available. However, a more recent systematic review
has shown that the story of EE and AVGs is more complex—EE
depends on the console, the game, and the difficulty level—and it
may not always be a suitable replacement for PA.1°

Regardless of whether AVGs can substitute as PA, AVGs have
the potential to serve as a way to reduce sedentary screen time and
increase light activity as a replacement for TVGs. Several studies
have examined EE during AVG play. There are several systematic
reviews on the EE associated with AVG play in children; however,
none have focused on adults. This evidence gap is important to fill
because a large number of adults play video games and it is plau-
sible that there are differences in physiological and psychological
response to video game play between adults and children. In fact,
EE responses to the Wii Fit shows different responses according to
age group while playing the same game.!! This article is the first
systematic review of studies reporting objective measure of EE
during AVG play in adults. The primary aim of this review is to
synthesize the current state of knowledge pertaining to EE during
AVG play in healthy adults (18 or older). Specifically, this review
aims to estimate the mean difference (MD) in EE between AVG play
and TVG play or rest. As a secondary aim, the review also evaluates
the MD in heart rate (HR) between AVG and TVG/rest. Lastly, EE
during AVG play was compared with EE in brisk walking and jog-
ging to determine whether AVGs can meet moderate-to-vigorous
PA (MVPA) guidelines.

Methods
Types of Studies

All experimental studies in peer-reviewed journals, written in
English, published between January 1998 and March 2011 were
included. The year 1998 was chosen because that was the year Dance
Dance Revolution was released, starting the market for popular
AVGs."? Non peer-reviewed studies such as conference abstracts
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were excluded. The search was repeated in April 2012 to include
new studies on EE with AVG play.

Types of Participants

Only studies involving healthy adults (ages 18+) were included,
excluding studies on children or adults with any health condi-
tion. Previous systematic reviews on this topic in youth have been
published.3?

Types of AVG Approach Used

To be included for in-depth review, studies had to report on EE
during AVG play or report on injury related to AVG play. Studies
using television or TVGs as distracters during exercise activities or
reporting on virtual reality rehabilitation, cognitive or behavioral
therapies, or health education via computer and video games were
excluded.

Types of Outcome Measures

EE during AVG play and the MD in EE between AVG play and
TVG/rest were the main outcomes of interest. HR during AVG play
was also assessed.

Data Sources

A systematic search was conducted on 3 different databases: Ovid
MEDLINE, Web of Knowledge (ISI), and Academic Search Pre-
mier. The following keywords were used as search terms: (“video
game” or “exergame’) and (“physical activity” or “fitness” or “exer-
cise” or “energy metabolism” or “energy expenditure” or “heart
rate” or “enjoyment” or “adherence” or “motivation”). Additional
studies were identified by reviewing the reference list of included
studies. The first author performed the searches. The second author
double checked search results from Ovid MEDLINE as a quality
control step; no major disagreement was found.

Data Extraction

Each article was examined, and data were extracted on methodologi-
cal details (eg, study design, experimental context, sample size, type
of AVG, type of comparator, etc), participant characteristics (age,
body mass index, fitness level, etc), and key findings pertaining to
EE (mean and standard deviation of EE and HR) during AVG play.
Data extraction was done primarily by the first author. The second
author performed data extraction on a subset of articles as a quality
control step. Minor disagreements were resolved via discussion; no
significant disagreement was found that required arbitration.

Assessment of Risk of Bias

Included studies were assessed for appropriate study design, validity
of EE estimation method, and drop-out rate. The first author per-
formed quality assessment. The second author performed quality
assessment on a subset of included studies as a quality control step;
no major disagreement was found.

Data Analysis

MD was calculated if sample size, mean, and standard deviation
were reported. Random effects meta-analysis was performed using
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EE and HR estimates (mean and standard deviation) and number of
participants. MET values were calculated as an indicator of overall
EE with AVG and TVG. MD in EE between AVG and brisk walking
(indicator of moderate physical activity; MPA) and jogging (indica-
tor of vigorous PA) was calculated to determine whether AVGs can
meet MVPA guidelines. If studies included multiple age groups or
multiple games, data were extracted for each age group or each
game separately and then entered into the meta-analysis separately
as if they were separate studies.

EE was reported in various units in the studies. Efforts were
made to convert EE units to kcal/kg/hr whenever possible so that
highest number of studies could be combined for the meta-analysis;
however, that was not always possible as some studies only provided
EE in kcal/min or in METs. Therefore, 3 different meta-analyses
had to be conducted for the 3 units of EE (ie, kcal/kg/hr, kcal/min,
and MET). HR was reported as beats per minute (bpm). An alpha
level of .05 was considered significant for calculation for confidence
intervals around the mean. I score was used as a measure of het-
erogeneity, and an alpha value of .05 was again used as a measure
of significant heterogeneity. Stata Statistical Software: Release 10
(2007), Meta-Analyst (2009), and Microsoft Excel (2007) were
used to perform data extraction and analysis.

Results
Study Selection

Figure 1 displays a flowchart of the study selection process; 366,
434, and 174 studies were identified after screening title using 3
search engines; the number of studies identified for full-text review
after screening abstracts was 7, 7, and 6 from the 3 search engines.
Additional studies were found from the reference list of included
studies and from a search update in April 2012, yielding a total of
15 studies for this systematic review. Heart rate was estimated from
the EE studies; no separate search was performed to find studies
that reported HR but did not report EE since EE was the primary
outcome.

Assessment of Risk of Bias

Given that the majority of the studies used a crossover design (13
out of 15; 1 used parallel design and 1 used pre—post design), the
following criteria were assessed for risk of bias according to the
Cochrane Handbook for Systematic Reviews of Interventions: suit-
ability of crossover design, preventing carryover effect, whether
only first-period data were available, whether correct analysis was
performed, and comparability of results with those from a paral-
lel design.!? Crossover designs are suitable for this type of study
because the durations of the AVG play used in the studies were
short and the effect of the AVGs (in terms of EE and HR) returned
to baseline quickly. Carryover effect can be prevented by allowing
adequate resting time in between AVGs/control so participants
can return to baseline before the next round of the experiment. All
studies used “washout” periods in between experimental phases
to minimize carryover effect. All studies reported data from both
periods. There was only one included study that employed a parallel
design (Bonetti et al), and the effect measure was in the same direc-
tion (EE with AVG higher than TVG) and of a similar magnitude
(MD = 1.58 kcal/min) as in the crossover designs. Therefore, the
included studies appear to have a low risk of bias.
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Figure 1 — Flowchart of study selection.

Three more criteria were evaluated for a more thorough quality
assessment as deemed appropriate by the authors: whether order
of AVGs/control was randomized in the crossover design, whether
a valid EE estimation method was employed, and whether there
was a low drop-out rate (shown in Table 1). Six out of the 13 stud-
ies that employed a crossover design did not randomize the order,
which increases risk of bias. Two out of the 15 studies estimated
EE from HR, which is not as accurate, but all others used indirect
calorimetry or better methods of estimating EE. Two out of the 15
studies had a higher than 10% drop-out rate. Taken as whole, the
included studies had a low risk of bias.

Study Summary

Table 2 provides a summary of the 15 studies. Studies were done
recently, since 2008, and were conducted in the United States (10
of 15), the United Kingdom (3 of 15), Canada, and Japan. Sample
sizes for the studies were generally small, but there were a few
studies with a large sample size (sample sizes ranged from N = 8 to
N = 100). Most studies used participants of both sexes; most used
young adults, but some used middle-aged and elderly adults; and
most used individuals of average fitness level, but some used highly
fit individuals. Most studies used a crossover design. Wii Sports by
Nintendo Wii was the AVG of choice for most of the studies (10 of
15 studies), with Dance Dance Revolution being the second most
popular AVG. Most studies had EE during AVG play and TVG
play or rest as primary outcomes; some compared AVG play with
MVPA. The length of exposure (play time) was about 10 minutes
in most studies. Every study found that EE during AVG play was
higher than EE during rest or TVG play; however, EE with AVG
play was usually less than that of MVPA.

Energy Expenditure

The MD and 95% confidence interval (95% CI) in EE and HR
between AVG and TVG and rest were calculated in 10 of the 15
studies (where the mean and the standard deviation for EE for
AVG and TVG or rest were provided) and are shown in Online
Appendix Table 1. Five out of the 15 studies could not be used
in the quantitative analysis because of lack of EE measurement
during TVG/rest (since an MD was sought) or because of lack
of reported data (eg, no standard deviation, which prevents cal-
culation of the confidence interval). The EE data were expressed
as kilocalories burned per kilogram of body weight per hour
(kcal/kg/hr) where possible; otherwise they were expressed as
kilocalories burned per minute (kcal/min) or MET. HR data
were shown in beats per minute. In every instance, EE (0.92 to
4.3 kcal/kg/hr higher for AVG) and HR (9.8 to 61 bpm higher
for AVG) were higher for AVG compared with TVG. In every
instance EE (1.01 to 3.56 kcal/kg/hr higher) and HR (15.8 to
84.2 bpm higher) were also higher for AVG compared with rest.
However, there was wide variability depending on type of video
game and the difficulty level at which the game was played (eg,
beginner, intermediate, or expert). Two of the included studies
(Sell et al'* and Worley et al'®) specifically addressed the issue
of effect of difficulty level at which the game is played on EE;
both found that EE was higher when the game is played at a
more difficult level.

Meta-Analysis

Table 3 displays the results of random-effects meta-analysis of the
EE and HR from the 10 out of the 15 studies where mean and SD
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Table 1 Assessment of Risk of Bias
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Randomization of order

Valid energy expenditure

estimation method Low drop-out

Author and year for crossover design (indirect calorimetry or better) rate (<10%)
Graves et al, 2010 No Yes Yes
Leatherdale et al, 201030 No No (armband and HR monitor) Yes
Lanningham-Foster et al, 20093! No Yes Yes
Siegel et al, 200932 Yes Yes Yes
Bonetti et al, 20100 Parallel design; randomized Yes Yes
Miyachi et al,* Yes Yes Yes
Willems et al, 20097 No Yes Yes
Stroud et al, 201034 Yes Yes Yes
Sell et al, 20084 No Yes Yes
Worley et al, 20115 No Yes Yes
Trout et al, 2008%! Randomization not applicable; No (HR monitor) Yes
pre—post design

Barkley and Penko, 20092 Yes Yes Yes
Bausch et al, 200823 Yes Yes No (>10%)
Lyons, 201122 Yes Yes No (33%)
Jordan, 2010%* Yes Yes Yes

Abbreviation: HR, heart rate.

for EE for AVG and TVG/rest were provided. The random effects
meta-analysis demonstrated that EE during AVG play expends
approximately 1.81 additional kcal/kg/hr (95% CI, 1.29-2.34; I> =
94.2%), or close to 108 additional kilocalories for a 60-kg person
per hour. Compared with rest, the additional EE was 1.72 kcal/kg/
hr (95% CI, 1.24-2.21; > = 93.6%). AVGs had an average MET of
2.62 (95% CI, 2.25-3.00) while TVG had an average MET of 1.12
(95% CI, 1.08-1.16; I = 99.2%). There was considerable hetero-
geneity in EE depending on the type of AVG used in the different
studies, as shown by the high > = values. For the 2 studies where
kcal/kg/hr (the preferred units) was not possible to estimate, AVG
was compared with TVG in kcal/min, and the results were in the
same direction as the main findings—1.45 kcal/min higher for AVG
compared with TVG.

Many of the studies used multiple video games, which allowed
us to consider them as separate data points in the meta-analysis,
providing higher available samples sizes (n = 67 to n = 635) and
increased statistical power. Meta-analysis showed that HR was
21 bpm higher (95% CI, 13.7-28.3; I> = 93.4%) during AVG play
compared with TVG, and approximately 38 bpm higher (95% CI,
26.7-49.2; I = 96.8%) compared with rest, as shown in Table 3.
Again, there was considerable heterogeneity across studies depend-
ing on the type of AVG shown.

Moderate-to-Vigorous Physical Activity Guideline

Although it is clear that EE and HR during AVG play is higher than
TVG play or rest, most of the included studies also examined how
AVG play compared with the recommended dose of MVPA. As
can be seen in Table 4, almost all of the studies found at least one
AVG that met MPA guidelines. Popular AVGs that do meet MPA
are Wii Fit Aerobics, some other Wii Fit games played at interme-
diate or higher level of difficulty, Wii Sports Boxing, and Dance
Dance Revolution. Wii Sports Tennis was found to meet moderate

intensity exercise level by Leatherdale et al, but not by Willems et
al or Bausch et al; this could be due to the fact that Leatherdale et
al used armband and HR monitors, instead of the more accurate
indirect calorimetry, to estimate EE.

Although AVGs burn more calories than TVGs or rest, overall
AVGs burn fewer calories than brisk walking (MD [95% CI] =
—2.31 [-3.05 to —1.58] kcal/kg/hr; I = 89.7%, P < .01) or jogging
(MD [95% CI] = -7.61 [-8.66 to —6.57] kcal/kg/hr; I? = 88.1%, P
< .01); meta-analysis was done from the study by Graves et al!!-?
combining the 4 types of AVG play and both age groups where
brisk walking was chosen as a form of moderate exercise and jog-
ging was chosen as a form of vigorous exercise. The overall MET
value of approximately 2.62 during AVG play puts AVG play at
a low intensity activity, not sufficient to qualify as MVPA by the
ACSM guidelines.'®

Discussion

Overall, all 15 studies showed that AVG increases EE and HR
compared with TVG and rest. However, the magnitude of the MD
in EE and HR varies quite a bit (eg, MD in EE between AVG and
TVG varied from 0.92 kcal/kg/hr for Wii Fit Yoga to 4.3 kcal/kg/
hr for Wii Sports Boxing). This is to be expected because different
AVGs require different motions and thus different physiological
responses. Furthermore difficulty level, fitness level of participants,
amount of effort put into the game, familiarity with the game,
instructions provided by investigators, and verbal encouragements
can influence the outcome.!”

Overall EE values suggest that the intensity level of AVG play
is in the light activity spectrum. The most robust finding from this
review is that overall AVGs have a MET value of 2.62. The EE find-
ings of this study are in line with findings from systematic review
of AVGs in children.® The wide variation in EE estimates, shown

JPAH Vol. 12, No. 6, 2015



(panuijuod)

"DAV Ayisusjur

MO] uey) JYSIY Sem DAY
Kysuour ySiy Sunmp ggq
'J$91 10 ‘DA I, Uey) J1oy31y

(Kysuayur y3y)
sowen) ordwA[Q oY)
je OTUOS pUE OLIBJA]
pue (K1suajur Moj)

Iegpoun

poysewr Surjdures
{(pezrwopuer)

J(8°1)
9TT ‘N (b) 8°LT ‘TND

d L INTI XS
d(8'L)

‘DAL pue

DAV PUe pa[[01u0d
-12]9WO019[209k Apoq
-1oddn Surkerd orym
g4 pue sosuodsar

VSN

seM DAY SuLnp gq DAL  Surmog suodg 1m USISOP 10A0SSOID) 1'62 ‘N (+'9) T'0€ 25V 61  droqeow paynuend ‘0107 Te )0 pnong
(0" >d) ‘Suryrem
) e - d
A %HHMMM_\% %@mwwﬂmﬂw_fm (q Surjdwres 9oUAIUAAUOD (€¢) L'€T TNG E.MMM@% MMWMM@MM@
..w:v:m% 3SHQ 0} JeIWIS  /S9[IW (4°() §°¢ 10 “Iy/ury (9°0) Suxoq ‘[[eqaseq ‘(paziwopuel H4ENLXOS ,ﬁ_mn_ommm.ﬁ ‘SIuuR, (310 600T
sem Surxoq A\ SuLmp gg  1°9 :Sunjeam ysuq pooed-Jjo§  ‘SIuuay, :s10dg 1Ay J0U) USISOP JOAOSSOID) (1)1 98y 01 suodg np paredwo) ‘I 39 SWA[IA
(I 9<)
Asuaur orerepou Imapoun (6°¢) £TT =13 Kpoq
0y 3 .
:\Mwwwuwmm:mmw M,Wom\wz&mw SIUSWISINSESW popow Surduwes  3° 93ejucorad an TING omnoe
‘SanIAnoe 89 Jo INQ '9°G 0) JUAIRJJIP §9 ‘suodg {(pazrwopuer) &N L X8 sy0dg AN pue snid ccueder ‘010z
€[ wouy pasuer [ UBIN 19y ITA\ PUB L] TN USISaP 1A0SSOI) (9) ¥¢ 08y 4! 1L 1AL Sutmp g7 ‘Te 30 1yoeATI
uouoddo
uauoddo uewny ‘sa 2] uewny jsurede pue
"t asoun o DAL g i oy ey POUBOCANING - A EON
SS., voEmE.oo moon yjoq o[o0s pue oonﬁmmﬁ Jrosnuw ‘(pozrwopuel) INTEXS  aeaur g oEoEOm.M Kpog-T[ny a VSN
ur DAY 10J 10y3ry sem g Juouoddo uewny isureSe A, OMSWOSI Apoq-1[ng uS1sop [o[reled '0€—81 28y ‘TE=N  01sosuodsar asioroxg  ‘010g ‘Te 310 mauog
d(€9)
8YC N (L°€) €8T ‘TN
ovy JIe)) ‘Surxog feapoun o o
10M0d “Yory-¢ poyseuwt Surjdures dL-IN9 X8
‘sowren) apedly ‘(pozrwopuex) q(9%) DAV VSN
"JSa1 uey) Y31y sem g 159y JUIQJJIP QI ], USSP JOAOSSOID) 772 N (9°9) 7°8T 93V €1 Sutmp YHpuedd  ‘600C ‘[e 12 [9391S
DAV
pue ‘DAL ‘Sumis
. (§°6) L'LT ‘TINY PAIEDS AL BulyolEA
jusSesHIaApE ) . ) ‘urpuess 181 Jurmp
"DALJO 1B DAL PUE ‘AL YOIEM puE Burxog  (poznwopuei jou) d01 - 0T X35 Kanoe earskyd —1eVSN 600 ‘T8 1
J[qnop sem DAV SULINp g PUBIS ‘AL Yojem pue s ‘1Soy suodg pn ATUQ uS1Sop IOA0SSOID) (L'0T) S'g¢ 08y 0T pue g poInseoly  I9)soJ-weyduruue|
“10)TUOW JH oY) (877
\WMMMMMM mwwﬁﬂw w MWM Surdures 90USIUAUOD $TTN(SE) €T TNE
bEsoE:wE sem mm Es) > L STUuQY, ‘(pozrwopuer jou) ERIDAUNREN ‘DAL 0cBPBUBD ‘010T
ey 12ySIy sem DAY 10J g5 DAL suodg A A[UO USISP I9A0SSOI) (6°0) 6'81 98y IS pue DAY SuLmp qq ‘T8 19 9[epIoyIea]
VO (7'1)
8T VA (£'1) 9°TT :INE ‘Suiagol pue Supyem
VO ‘I [[fWpean pue "“DAV
(VAI05 ydy [8°0] L'6) ey . ‘DAL 181 SuLmp
Sui33of [rupean {(vO ydy SO1qOIdY Surdures 20UaIUAAU0D O] ' € *VA N L ' 8 XS VO 10} €1 saInseaw JudwAolud
‘DAL (011 8'% *VA Udy [9°0] 1°9) ‘oue[eg ‘OOsnN ‘(paziwopue jou) VO (L'9) =N‘VA pue Liojendsarorpres 12N
uey) 1YSTY Sem DAV JO g Sun[em [[Tupean ‘DA T, IS0y ‘®30x I AL uS1Sop IA0SSOT, LS VA (99) 787 98y 10J G =N Qredwo ‘0TOT ‘T8 10 SeAeI
Yl Ioysiy DAV D[em [[iwip D ISop O 9LS 9v) T'8C BN % D 0I0C T D
synsal 33 uosuedwo) HAY poyiow Buidwes (as) g ueaw azis uonduasaqg Anunos pue
pue ubisaqg ‘xas ‘(qs) abe ueayy o|dwes “eak ‘loyiny

Aejd awen oapip aAoy Buling ainypuadx3g ABiau3 1oy papnjou] saipnis jo Alewwnsg g ajqel

JPAH Vol. 12, No. 6, 2015

94

©



*QAIASAI Q1R 1By YYH :9ATSA COA “YCOA sel Jo juareanba orjoqejowr
‘LAIN UOnIXa paAladrad pajer ‘Y parodal jou YN 9.l eay “YH I[Npe JOp[o ‘YO INpe SUnok ‘YA oues 0dapIa [euonipes ‘A [, ormipuadxe A310u0 ‘g7 oures 09pIA 9AIOR ‘DAY XOpUI sseul Apoq ‘TN :SUONRIAIqQY

‘wred o9pIa paydepe
quII[-IoMO] 1O ‘Suruuni
‘3ur[oAo1q uey) 1oMmo[ Inq

Qw3 09pIA

Teapoun
poysowr Surjdures

(8°¢) 6'ST TNG

Sunjrem YsLq 10 DA T, ULy poydepe quiIf-Tomo| pue “are)oe]
xew COA pue YH ‘A9 ‘(ydw 9) uni ‘(pp 0z 1) 9[04Ad1q {(pazrwopuelr) Oew[[e X8 Ppooiq as1o1axa)sod yIN
ToySry pey Surxog 1A ‘(ydur ¢¢) Nrem ‘DAL Surxog nm uB1sop 10A0SS0I) “(¥) 6T 98V Sl pUB HH pautexy ‘010 ‘T8 19 uepiof
"Jsa1
uey) gq IoysSiy pey sowes q(ST°L)
(%TTE) ssawy pue (%867) 897 ‘N (88°S) S'LT (TN
ouep ‘(9,¢ /) uonenuIIs ssomy . .
pueg 1501 yim paredwod pue ‘aouep ‘purq JUSUISSTISADE N 0S *d 0S X3S ‘sowred
d4 1oysiy Apuesyrusis “19100YS SDAV JO ‘(paziwopuex) g (69°€) Jo sad£yjuareyip wVSN
QA®RY JOU PIp SoweS 10Jo0yS 1S9y SA11059180 1IN0 uSIsop 10A0SS01)  9°¢T N (ST'¥) 0'HT 98V 001 ¥ Jo g4 peutwexq  ‘TT0T ‘T 19 SUOAT
"SANIATIOR
NN A[rep uowwood 0}
“1$a1 uey) feajoun wZ TNE 1ey) poredwoo pue
104S1y ylog "STUUa], AL poyrew Surjdwes NP -d8 X8 DAV SuLmp sTHIN
yim paredwod Jurxog SIUUQ, {(pazrwopuer) WG pue ‘g9 “IH VSN
1IA 10 10ySIY sem g7 159y pue Suixog M USSP I9A0SSOI) 0TT A (€7) 1'CT 08y 4! “YCOA PUIWEXT  ‘g0QT ‘[& 10 yosneg
109) ‘Bupyes
897 ‘I (L'S) 8T ‘TN [[TWpEal put HAL
o uey) 10JeaId sem DAY
"DAL 10 Y[em uey 10ysiy Surjdures 9ouaIUaAUOD N9 ¢ 9 :XoS Surkerd jo Suryiy
(€°1) vt sem s109[qQns (ydw ¢'7) ‘(paziwopuer) J(€01) pue ‘gdy “IH COA 0zVSN ‘600T
[[e 10j Surxog 1A 10§ LHIN A[em [[iwpesi) pue DAL Surxog nm ugIsop 12A0ss01)  ¢°LT N (6°€1) L'SE P08V 4! IoyjoyMm pauttexy  ‘ojudd pue Kopyjieg
M g 10§
utw () I0J J/sown)
€ DAV JO J[nsar e se
"UOISSS JOUBP S[oAQ] Juowkolus pue
yoed Jurmp (Sunyif Jysrom ‘Kanoe [eorsAyd Joud
UEBY) QI0UI) SOLIO[ED 9/ | SEM M g HISHIASBAPE W (€) ¥T *d (9) 9 ‘TN ‘I ewnsa duoz
g4 orewdy pue (Surdsol J10J Ut () IoJ Jm ‘(orqeordde . ] 1189y 19318) Ul JWI}
Uey) 2I0UI) SALIOTEd 9/ 7 /SWIT) ¢ UOTIN[OAY JOU UOT}RZIWOPUEI) BANARERAERCN ‘aFejuooiad jey Apoq ZVSnN
sem g Q[N ‘OFe1oAe uQ qureseqg doue( Qoue( udisop 3sod—a1d "IN (€) 17 d (€) 7T 98V 97  uroSueyd paurwexyg ‘8007 ‘Te 32 o1,
‘doys yym paredwod
B[NH 1A\ J0J 1y31y fedpoun N TN ‘sowre3 dojg pue
sem gH ‘TeA9[ JouuIidoq [OAQ] JBIPAULIAIU] poyiow Surjdures B[NH L] A JO S[9AJ]
URY) [OA] AJRIPOULIUL [0AQ] JouuIdaq je je sowes doig ¢{(pazrwopuer jou) O[EWR} [[E :XAS 7 Wolj g pue xew avsSn
o uroy3rg sem g sowes doyg pue eIny 114 A\ pue e[ny 11 AL US1SIp JOA0SSOI) (027 61T 98y 8 COA% PRUTWIRA ‘1107 ‘Te 30 KoIom
(4 ‘dxaut (£'9)
‘19A9] 3say31y Q) I8 {7z ‘dx2 (19) ¢'97 :TINg ‘s1oAed (dxour)
Suiked) syuedionied pasuaLIadxaur snsIoA
'SoUO padsuaLRdxauT YIIMm (7 10 1 [2A9] 18 Sutkerd) pasuaradxa Surjdures 20uIUAAU0 U -Xo8 dxour (dxa) poouarradxa
paredwoo g7 Joy3iy pey syuedronred paouorradxour )M UOTIN[OAY {(poziwopuel jou) ‘dxour (9'7) £ =N ‘dxo ur DAY 03 asuodsax VSN
sjuedroned poouonradxyg  YIIM UONN[OAY 0UR(] dUR( oue(] U uSISop 1040801 9°GZ dxa (1°7) L'61 98V 71 =N [eo130[018Ayq ‘200C ‘18 32 1I°S
synsal 33 uostiedwo) DAY poyiow Buidwes (as) g ueaw azis uonduosaqg Anunoo pue
pue ubisaqg ‘xas ‘(gs) abe ueayy oidwesg ‘“leak ‘loyiny

(panunuoo) g sjqeL

895

JPAH Vol. 12, No. 6, 2015



(€91 = N 18103 S000° = d ‘%TL = ¢I) T8 12 2[epISILa] PUE [ 12 SOARID) JO SISATRULR-BIOW $10JJ0 wopuel Aq punoj se THIN (91 T-80°T) TI'T Sem DAL I0J LN «
*K)1ou0301310Y 0) NP ST JBY) SAPNJS SSOIOL UOTBLIEA JO oFejuadiad ) ‘;7 (duIdfJIp ueaw ‘(A inurw 1ad sjeaq
‘widq o1l 1IBAY “YH {[PAIDIUI QOUIPYUOD 966 ‘T SIY/3N/[ed [ ‘Sy/urufQTw 6'¢ ‘LHIN 1 “ISe) Jo Jua[eamnba orjoqejow ;A wes 09pIA [RUONIPRI) ‘DA I, (QWES 0JPIA JANOR ‘DAY dImIpuadxa AF10ud ‘GY SUONRIAAIQQY

10T = Te10L
CI=N
8E=TX6I=N
6€=€XEl =N
CC=vXel =N
09=v XSl =N

(Surxog s110dG M) gcAoIRg
(o1u0g pue OLIRIA
‘Surmog suodg 1A ) gpnong

(oor1 18D KAUsi(] ‘Surxog
IoMOd ‘Ques YOI -¢) £[9318

(sdnoi3 a5e g u1
SOIQOIOR PUE ‘d0UB[Rq ‘UOT)IPUOD

60T = [eI0L
SI=N
CI=N
8E=TX6I=N
CE=TX9l =N
C=rXel=N
09=v XSl =N

(Surxog s110dg 1IA) yUEPIO[
(Surxog suodg 1) Aopreg
(o1u0g pue OLIRIA

‘Surmog s1odg 1A ) gpnong

(quouoddo pue ojos—ooue)sIsal
o[asnw Apog-[[ny) ¢ HRUOY

(sdnoi3 a5e g u1
SOIQOIOR PUE ‘d0UB[Rq ‘UOT)IPUOD

Ge9 =[e1I0L

00r =¥ %00l =N
IS=N

CI=N
09=6XTCI =N
C=rXel=N
09=vXSI =N
(ssoujig

IIA\ ‘UONNJOAQY Q0UB(] UL
‘pueg “19100YS) SUOKT ‘(STUQ],
sHodS TIAY) oed[epIoYILa ]
(Surxoq surodg a)

ockopreq (suodg i

‘@304 ‘0our)sIsal ‘doue[eq
‘SOIQOIAT ILT TIA) ¢ IYORATI

(sdnoi3 a3e g ur soiqoioe
pue ‘ooue[eq ‘UONIPUOD

el =eI0L
0C=N
=P Xel=N

09=vXCI =N

(Surxog syodg M)
1¢19150 -ureySruue |

(sdnoi3 a3e ¢ ur sorqoioe

pue ‘doue[eq ‘UoOnIpuOd

L9 =Te10L
IS=N

(stuuag, sp0ds 11An)
0¢RTEPIOYIEY ]

(oue)sIsSar o[osnuwu

LyT =Tei0L

SI=N

0C=N
S=vXEI=N
09=%XxXGI=N
(Surxog

sp0dg 1) yeuepIof
(Burxog suodg 1m)

119150 -weyStuue |

(sdnoi3 o3e z ur
SOIqOIOE PUE ‘QdUEB[Rq
‘uonIpuod ‘e30%

az1s opdwes

‘50X 1L TIA) |SRARID “BS04 1 IIA) {(SPARID ‘BS0X I ITA)) ((SPARID  “BSOX 11 IIA) |(SPARID Apoq-[ny) ¢ meuog LT TIAL) oz SOARID sorpmg

10> ‘%896 10> ‘%¥'€6 10> ‘%766 10> “%9°¢€6 Y1 ‘%9°€S 10> ‘%TH6 d‘d

(T67—L'97) ¥6°LE (€8T-L' €N 01T (00€01677) 79T (Izeoyz L'l (L8T1Z0D) SH'1 (FETO 6T 1) 181 1D ‘aN
(wdq) 3521 'sA DAY HH (wdq) DAL 'SA DAY :HH e(10 pue ueaw) (4y/Bi/1e0y) (urwyeay) (Au/Bx/1e0y)

feid HAy Jo 13N

1S9l 'SA HAY 33

OAL'SA DAV 33

OALSA DAY 133

aley MeaH pue ainypuadxg ABiaug Jo sisAjeuy-elap| S19943 wopuey ¢ ajqel

JPAH Vol. 12, No. 6, 2015

896



Active Video Games 897

Table 4 Active Video Games Meeting Moderate Physical Activity Guideline

Study

AVGs that did not meet ACSM guideline for MPA  AVGs that met ACSM guideline for MPA

Graves et al!!

Leatherdale et al?®

Wii Fit: Yoga, Muscle, Balance

Lanningham-Foster et al’!

Siegel et al®
Bonetti et al'?

Miyachi et al®
do not count as moderate intensity.

Willems et al'?
Stroud et al**
Sell et al'4

Wii Sports: Tennis, Baseball
Wii Sports Bowling

Worley et al®

Trout et al?!
Barkley and Penko?
Bausch et al® Wii Sports: Tennis

Lyons et al*

Two-thirds of the AVG in Wii Fit and Wii Sports

Dance Dance Revolution with inexperienced
participants (playing at lowest level)

Wii Fit Hula and Step games at beginner level

Shooter Games (Medal of Honor, Resident Evil)

Wii Fit: Aerobics
Wii Sports Tennis
Wii Sports Boxing

Three different Arcade Games: 3-kick, Power
Boxing, Car Race

Full-body isometric muscle resistance AVG:
against human opponent and solo

One-third of the AVG in Wii Fit and Wii Sports
count as moderate intensity

Wii Sports Boxing
Sonic at the Olympic Games

Dance Dance Revolution with experienced
participants (playing at the highest level)

Wii Fit Hula and Step games at intermediate level
Dance Dance Revolution

Wii Sports: Boxing

Wii Sports: Boxing

Dance Dance Revolution, Wii Fit

and Band Games (Guitar Hero, Rock Band)

Jordan et al?*

Wii Boxing

Abbreviations: AVG, active video game; ACSM, American College of Sports Medicine; MPA, moderate physical activity.

by large I? values, is also in agreement with systematic reviews in
children.®® Replacing sedentary screen time with AVG can yield
an additional 108 kcal/hr of EE for a 60-kg adult. Therefore, AVGs
could be thought of as a tool to replace sedentary time with light
activity. Video games are not just for children and teenagers; close
to half of American adults play video games, and a recent survey
showed that as many as 20% do so on a daily basis.!8

AVGs hold promise for replacing sedentary screen time because
they increase EE without changing perceived exertion, compared
with TVG.! In 2 studies, participants found AVG to be significantly
more enjoyable than TVG.!2% In a longitudinal study, participants
underwent 8 weeks of treatment with AVG (20 min/d, 3 d/wk)
without any change in enjoyment level.?! Another study comparing
different types of AVGs showed that people had the highest level of
enjoyment with band simulation games, which did not meet the MPA
guideline, compared with dance simulation and fitness simulation
AVGs, which do meet the exercise guidelines, further suggesting
AVG may be better suited to reducing sedentary time than meeting
MVPA guidelines, especially in the long run.?

Given that all 15 studies included in this review found at least
one AVG that met the ACSM guideline for MPA, along with being
a replacement of sedentary behavior, some AVGs (eg, Wii Boxing
or Dance Dance Revolution) may contribute to the recommended
PA guidelines if played at an appropriate intensity.'*!” AVGs may
be specifically useful for persons with disability or others struggling
to meet PA limits, especially as a stepping-stone to something more
physically intense.? Whole-body movement seems to be necessary
for making AVGs meet the MPA guidelines, especially movement
of both upper limbs (eg, boxing) or lower limbs (eg, dance).?*?

Taken together, there are 2 key findings in this review. First,
the overall EE with various types of AVGs is in the light activity

zone but still higher than rest (by definition, 1 MET) and TVG (1.12
MET). An adult can expect to expend close to 100 more kilocalories
from playing an hour of AVGs compared with a sedentary screen-
based behavior. Therefore, the best use of AVG may be to replace
sedentary screen time with light activity. Second, EE with AVGs
can vary tremendously depending on the game being played and the
difficulty level at which it is being played. Some AVGs that have
whole-body movement, such as boxing or dancing, may be able to
induce a physiological response similar to that of MPA if played at
a proper intensity level.

One way to help consumers make informed decisions about
purchasing AVGs may be to include with each game a rating of the
physiological response likely to be elicited by that game. Similar
to the rating for maturity level, which helps consumers buy video
games that are of appropriate content level, a rating of PA intensity
level (light, moderate, or vigorous) will help consumers choose an
AVG appropriate for their desired PA level. External validity of the
ratings may be achieved by having 3 age groups (children, young
adults, and elderly populations) of both sexes. This will add to the
manufacturing cost of AVGs, but perhaps after a certain number of
these studies manufacturers can create computer simulations so that
studies do not need to be replicated for similar games in the future.

Most of the studies included in this review had a low risk of bias
according to Cochrane criteria, used proper methods for estimating
EE, and had low drop-out rates. One concern in this field of research
seems to be the lack of randomization of order in crossover design;
6 out of 13 studies did not randomize the order. One reason for the
lack of randomization of the order of games may be the different
intensity levels associated with different games; investigators may
have designed the study so that participants played lower intensity
games first before moving on to higher intensity games. It is likely

JPAH Vol. 12, No. 6, 2015
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this approach was used to reduce the potential impact of higher
intensity games on lower intensity games’ EE. While the studies
had good internal validity, external validity may be low because
of nonrandom/convenience sampling, sample characteristics that
were nonrepresentative of the wider adult population (in terms of
age, fitness, and sex), and assessments conducted in the laboratory
as opposed to the natural environment. Moreover, many of the
studies did not provide volunteers with unlimited time to familiar-
ize themselves with the AVG. Therefore, the EE and HR reported
may be different than those of a free-living user who is playing in
the comfort of his or her home and has familiarity with the game.

Future research should include longitudinal studies and ran-
domized controlled trials with large samples of diverse population
(in terms of age, sex, fitness, and functional capacities) identified
from the general population. Future studies should determine long-
term effects of AVGs on replacing sedentary screen time, improving
fitness, and changing PA behavior, weight, body fat, and overall
health. Future studies should also examine the impact of AVGs
in different settings such as the home and other social settings, as
well as whether the games are played alone or with companions.

Enjoyment is a key factor if AVGs are going to be successful
at replacing TVGs. One study found that people felt less in control
with AVGs—possibly because of a lesser sense of illusion that
one is actually engaging in the activity and because of a learning
curve in using an AVG controller as opposed to TVG controllers.?
Also, a 3-month study in a small sample of participants assigned
to use Dance Dance Revolution, which is one of the AVGs that can
elicit a physiological response similar to that of MVPA, showed a
decline in use of 82% from the first 6 weeks to the second 6 weeks.?’
Therefore, more studies need to be done to make AVGs more enjoy-
able and sustainable so that people play them often and play them
at an adequate intensity level for the AVG-play time to count as a
replacement of sedentary time, and perhaps even as a tool to meet
some of the weekly MVPA goals.

One hindrance to conducting more research on video game
play and physiological response is the lack of a standardized unit
for reporting EE. EE was reported in 8 different ways in the 15
studies included in this review. This prevented subgroup analysis
based on age or gender because of small-sample-size issues. MET
is a useful unit; however, it should only be reported if resting EE is
estimated on the individual level because using 3.5 ml-kg-''min-!
as the resting metabolic rate may be not be accurate for some indi-
viduals.?® Heart rate during AVG play was mostly reported as beats
per minute; however, HR reported as a percentage of HR maximum
may be a better indicator of the quality of cardiovascular exercise
one can achieve.?

A limitation of the study is that the literature search, study
selection, data extraction, and data analysis were done primarily
by the first author. However, the second author performed quality
control on a subset of articles, and no major disagreement was found.

Conclusions

In this review, meta-analysis of recent studies on the impact of AVGs
in terms on EE and HR have been reported. AVGs result in higher
EE and HR compared with TVG/rest.

The following conclusions and recommendations can be made
from the key findings in this review:

* Overall, AVGs may be a good tool to replace sedentary screen-
based behavior with light activity

e Certain AVGs may be able to elicit physiological responses
similar to MPA

* Video game manufacturers should apply physiological response
rating (eg, Light/Moderate/Vigorous PA) with AVGs to help
consumers make informed decision about AVG purchases

» Researchers should report EE in kcal/kg/hr for internal and
external validity.

Video games are very popular, and AVGs are becoming increas-
ingly popular. Therefore, it is necessary to understand the health
impacts of AVGs and how they can be used to promote healthy
living.
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