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Summary

Prescribed physical activity/exercise training may reduce non-exercise physical
activity resulting in no change in total daily energy expenditure and no or minimal
exercise-induced weight loss. This systematic review evaluated cross-sectional,
short-term (2-14 d), randomized and non-randomized trials which reported on
the effect of prescribed physical activity/exercise on non-exercise physical activity/
energy expenditure in healthy adults. PubMed and Embase were searched (from
January 1990 to March 2013) for articles that presented data on the change in
non-exercise physical activity/energy expenditure in response to prescribed physi-
cal activity/exercise training. Thirty-one articles were included in this review.
One-hundred per cent of cross-sectional studies (7 = 4), 90% of short-term studies
(n=10), 50% of non-randomized trials (7 = 10) and 100% of randomized trials
(n=7) reported no reductions in non-exercise physical activity/energy expendi-
ture in response to prescribed physical activity/exercise training. We found
minimal evidence to support the hypothesis that prescribed physical activity/
exercise training results in decreased non-exercise physical activity/energy
expenditure in healthy adults. However, this literature is limited by the lack of
adequately powered trials designed specifically to evaluate this hypothesis which
have included assessments of both the energy expenditure of prescribed exercise
and non-exercise energy expenditure using state-of-the-art techniques, i.e. indirect
calorimetry and doubly labelled water, respectively.

Keywords: Compensation, energy expenditure, exercise, review.

Introduction

Health and Nutrition Survey (2003-2008) indicated that
among adults (18-54 vyears), approximately 75% of

Data from the 2009-2010 National Health Examination
Survey suggest that 68.8% of those age 220 years are over-
weight (body mass index [BMI]>25 kg m™), whereas
35.7% are obese (BMI>30kgm™) (1) with approxi-
mately 51% of US adults predicted to be obese by 2030 (2).
Medical expenditures associated with the treatment of
obesity and obesity-related conditions are estimated at
greater than $147bn annually (2). Data from the National
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women and 54 % of men expressed a desire to lose weight,
whereas 61% of women and 39% of men were actively
pursuing weight control (3).

Exercise is recommended for weight management by
several governmental agencies and professional organiza-
tions including the Association for the Study of Obesity (4),
the Institute of Medicine (5), the US Federal guidelines on
physical activity (6), Healthy People 2020 (7), the World
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Health Organization (4) and the American College of
Sports Medicine (ACSM) (8). Compared with weight loss
induced by energy restriction, weight loss achieved by exer-
cise is composed predominantly of fat mass, whereas fat-
free mass is preserved (9,10) and resting metabolic rate
(RMR) is generally unchanged (11,12) or slightly increased
(13,14), factors which may be associated with improved
long-term weight loss maintenance. However, several
reports have demonstrated that the accumulated energy
balance induced by an exercise intervention alone is less
negative than theoretically predicted for the imposed level
of exercise-induced energy expenditure (15-17), most
likely because of compensatory changes in energy intake,
non-exercise energy expenditure or both (18-20). These
compensatory changes reduce the magnitude of exercise-
induced weight loss. Compensatory changes in energy
intake and/or non-exercise energy expenditure are also sug-
gested by studies reporting no additional weight loss with
increased exercise dose (15,21,22).

As early as 1980, Epstein and Wing (23) suggested that a
reduction of non-exercise energy expenditure might com-
pensate for prescribed exercise training, thus resulting in no
change in total daily energy expenditure and no or minimal
exercise-induced weight loss. Although a number of studies
have reported on the effect of exercise on non-exercise
physical activity/energy expenditure, to date, there is no
narrative or systematic reviews on this topic. Therefore, we
conducted a systematic review to identify and evaluate
studies that have employed a variety of designs, e.g. cross-
sectional, short-term, non-randomized and randomized
longitudinal trials, to assess the impact of exercise on non-
exercise physical activity/energy expenditure. We also
attempted to identify both exercise parameters including
mode, frequency, intensity and duration, and participant
characteristics including age, gender, body weight and
activity level that may impact this association. Results of
this review will clarify our understanding of the association
between exercise and non-exercise physical activity/energy
expenditure. This information will be useful for the design
of weight management trials utilizing exercise and the
potential identification of groups of participants for whom
exercise may be most effective.

Methods

This systematic review was performed and reported in
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis guidelines (24,25).

Objectives

The objective of this systematic review was to address this
question: does increased prescribed exercise alter non-
exercise physical activity/energy expenditure in healthy
adults?

Eligibility criteria

Primary source articles published in English language peer-
reviewed journals that presented data on non-exercise
physical activity/energy expenditure by level of occupa-
tional activity or prescribed exercise were eligible for inclu-
sion in this systematic review. Specific eligibility criteria
included types of studies: cross-sectional, short-term, and
both non-randomized and randomized trials; types of par-
ticipants: healthy adults (age 18 years and above); types of
exercise interventions: aerobic, resistance, and combined
aerobic and resistance training; types of outcome measures:
no restrictions were placed on the assessment methods for
the primary outcome (non-exercise physical activity/energy
expenditure); other criteria: there were no restrictions on
the length of interventions or the types of comparisons. We
included cross-sectional comparisons between participants
differing by level of prescribed exercise or occupational
activity and longitudinal pre/post-within-group changes vs.
non-exercise control or vs. a different level of prescribed
exercise. Articles were excluded if they provided no data on
non-exercise physical activity/energy expenditure by level
of exercise, manipulated or controlled energy intake, were
conducted in non-recreational athletes, individuals con-
fined to whole-room calorimeters, or individuals with
chronic disease.

Information sources

Studies were identified by searching electronic databases,
related article reference lists and consulting with experts in
the field. The search was applied to PubMed (1990 to
present) and adapted for EMBASE (1990 to present). The
last search was conducted on 15 March 2013. The search
was developed as a collaborative effort of the research team
in consultation with a Kansas University reference librarian
and conducted by a co-author (SH). No attempts were
made to contact study investigators or sponsors to acquire
any information missing from the published article.

Search strategy

We used the following search terms for PubMed and
Embase to identify potential articles with abstracts for
review: ‘Physical activity’ [Title/Abstract] OR ‘Exercise’
[Title/Abstract] OR ‘training’ [Title/Abstract] OR ‘energy
expenditure’ [Title/Abstract]) AND (off-exercise
[Title/Abstract] OR nonexercise[Title/Abstract] OR non-
exercise[Title/Abstract] OR activities of daily living
[Title/Abstract] OR activity counts[Title/Abstract] OR
spontaneous physical activity[Title/Abstract] OR sponta-
activity[Title/Abstract] OR compensation[Title/
Abstract] OR compensatory|[Title/Abstract]. Additional

neous
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search terms were applied to eliminate case reports and
studies involving participants with chronic disease, and to
retrieve studies published in English and conducted in
adults (age 18 years and above). Word truncation and the
use of wildcards allowed for variations in spelling and
word endings. The complete search strategy is presented in
the Appendix.

Study selection

Retrieved abstracts were independently assessed for inclu-
sion in the review by two investigators and coded as ‘yes’,
‘no’ or ‘maybe’. All investigators who participated in eli-
gibility assessments were trained regarding study inclusion/
exclusion criteria and completed practice eligibility
assessments on 50 test abstracts prior to actual coding.
Eligibility assessments on the practice abstracts were
reviewed by the primary author (JED), and any coding
problems were resolved. Disagreements regarding eligibility
for inclusion were resolved via development of consensus
among all co-authors. Full text articles for abstracts coded as
’yes” or ‘maybe’ were retrieved and reviewed independently
by two co-authors prior to inclusion in the review. An EXCEL
(Microsoft, Redmond, Washington, USA) spread sheet was
developed and used to track eligibility status.

Data collection

Extracted data were entered into the University of Kansas
secure REDCap (Research Electronic Data Capture,
version 4.14.5) database (26). A REDCap data extraction
form was developed, pilot tested on a sample of 10 studies
(at least two studies of each of the four study designs
included in this review) and revised accordingly. Relevant
data were extracted from each manuscript by one author
and verified by a second author. Disagreements were
resolved by discussion. Data extracted from each article
included basic study information (design, sample size,
groups compared, exercise or physical activity groups/
intervention[s]), participant characteristics (age, gender,
BMI, minority status), energy and macronutrient assess-
ment method, and results.

Risk of bias in individual studies

Risk of bias for randomized trials was independently evalu-
ated by two authors using the Cochrane risk of bias tool
(27). Risk of bias was assessed in the following domains:
selection bias, performance bias, detection bias, attrition
bias, reporting bias and other bias. A third reviewer
resolved and discrepancies in bias coding. Studies were not
excluded on the basis of risk of bias.

© 2013 The Authors

1,764 - Records identified
through database searches

\

1,524 - Unique
records identified
and screened

|| 18 - Records identified through
hand searches

4-' 1,478 - Records excluded

15 — Full-text articles excluded
5 — Energy intake manipulated
4 — No data on physical activity/energy
expenditure
3 -~ Whole-room calorimeter studies
1-Review
1 - Methods paper
1 - Non-healthy population

46 Full-text articles
assessed for
eligibility

31 - Studies included in qualitative synthesis
10 — Acute/Short term
10 — Non-randomized trials
7 — Randomized trials
4 - Cross-sectional

Figure 1 Flow diagram.

Synthesis of results

Articles were grouped by study design: cross-sectional,
short-term (2-14 d), non-randomized and randomized
trials. There was a considerable heterogeneity across
studies for several important parameters including (i) par-
ticipant characteristics (age, gender, BMI, activity level);
(i1) exercise prescriptions (mode, frequency, intensity, dura-
tion); (iii) comparison groups (interventions: pre- vs. post-
exercise, exercise vs. non-exercise control, varying amounts
of exercise); (iv) intervention length; (v) assessment of non-
exercise physical activity/energy expenditure (accelerom-
eter, heart rate, activity diary, doubly labelled water) and
(vi) outcome variable (accelerometer counts, pedometer
steps, energy expenditure, etc.). Given this heterogeneity, a
meta-analysis was considered inappropriate. Results based
on the extracted data were instead synthesized and pre-
sented grouped by study design.

Results

The initial database search plus hand searching identified
1524 unique records of which 1478 were excluded based
on review of title and abstract. Full-text articles for the
remaining 46 citations were reviewed. Fifteen articles did
not satisfy the inclusion criteria and were excluded; thus,
31 articles were included in the review (Fig. 1).

Cross-sectional studies

The four cross-sectional studies identified comprised ~13 %
of the total number of studies included in this review
(Table 1).

Cross-sectional studies: study characteristics

Sample size: median (range) sample size for cross-sectional
studies was 2780 (24-9,125).

Clinical Obesity © 2013 International Association for the Study of Obesity. clinical obesity 4, 1-20
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Comparisons: two studies compared usual leisure time
physical activity by level of occupational activity (28,29).
One study compared 24-h physical activity between groups
with high or low levels of occupational activity (30),
whereas one study compared 7-d physical activity levels
between women who did or did not participate in recrea-
tional aerobic exercise (31).

Physical activity assessment: two studies employed
physical activity self-reports (28,29), one used a portable
accelerometer (30), and one study used an activity diary
and also assessed energy expenditure in a subsample using
doubly labelled water (31).

Cross-sectional studies: participant characteristics

Age: the median (range) age across the four studies was 44
(39-56) years.

Gender: three studies included both men and women
(28-30), whereas one study included only women (31).

BMI: the mean BMI in the two studies that provided data
on this parameter was 26.8 (30) and 21.8 kg m= (31).

Minority representation: minority representation in the
one study that provided data on this parameter was ~31%
(29).

Cross-sectional studies: results

Parsons et al. (28) and Wolin ef al. (29) both reported

increased occupational activity was associated with
increased leisure time physical activity assessed by self-
report in men but not in women. Tigbe ef al. (30) found no
difference in non-work hours or non-work day physical
activity, assessed by accelerometer, between administrative
postal staff (sedentary) and walking postal delivery
workers. Withers et al (31) compared physical activity over
7 d in women who were habitual exercisers (averaged
8.6 h week™ over 22 years) with sedentary women. Total
daily energy expenditure assessed by an activity diary was
significantly higher in exercisers compared with non-
exercisers. However, no between-group differences in non-
exercise energy expenditure were shown between a
subsample of exercisers (7 =28 most active) and non-
exercisers (n = 8 least active) when energy expenditure was

assessed using doubly labelled water.

Short-term studies

The 10 short-term studies comprised ~32% of the total
studies identified for this review (Table 2). The majority of
these studies (six of 10) employed cross-over designs (32—
37), which compared non-exercise physical activity/energy
expenditure between conditions of prescribed vs. no pre-
scribed exercise. Short-term studies have also compared
physical activity between exercise and non-exercise days in

© 2013 The Authors

participants in supervised exercise programmes (38-40) or
before and after advice to increase daily walking activity
(41).

Short-term studies: study characteristics

Sample size: the median (range) sample size across the 10
short-term studies was 14 (6-20) participants.

Trial duration: the median (range) trial duration was 7
(2-16) d.

Exercise intensity/duration: exercise intensity in the
two studies that reported this parameter was 70%
maximal heart rate (37) and 53% maximal oxygen con-
sumption (33). Exercise duration ranged from 60 to
120 min session! in the five studies that prescribed exercise
by time (32,34-37). Four studies dosed exercise by level of
energy expenditure relative to body weight (34-36) or
absolute energy expenditure (33). Prescriptions ranged
from 21.4 (42) to 57.1kJ kg™ body weight (36) and
2092 kJ d™' above RMR (33).

Physical activitylenergy expenditure assessment: physical
activity/energy expenditure was assessed using a variety of
measures. These included portable accelerometers in three
studies (32,40,41), heart rate monitoring with individual
heart rate/energy expenditure calibration in thee studies
(33-35), pedometers in two studies (38,39), activity diary
in one study (37) and doubly labelled water in one study
(36). Non-exercise physical activity was the outcome
measure in six studies (32,37-41), whereas non-exercise
energy expenditure was the outcome in four studies
(33-36).

Assessment of exercise energy expenditure: six studies
assessed the energy expenditure of the prescribed exercise.
Four studies used heart rate with individual heart rate/
energy expenditure calibration (33-35), one study used
indirect calorimetry (37) and one study estimated exercise
energy expenditure from treadmill speed and grade (32).

Short-term studies: participant characteristics

Age: the median (range) age across the 10 studies was 29
(23-73) years.

Gender: six studies included both men and women
(33,36,38-41), three included men only (32,34,37) and one
study included only women (35).

BMI: the median (range) BMI across the 10 studies was
23.6 (21.4-30.0) kg/m?. Four of 10 studies included over-
weight participants, (33,38-40) whereas only one study
included obese participants (32).

Minority status: one study described the minority repre-
sentation in the study sample (100% white) (33). No study
reported non-exercise physical activity/energy expenditure
by race or ethnicity.

Clinical Obesity © 2013 International Association for the Study of Obesity. clinical obesity 4, 1-20
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Participant activity level: participants recruited for the
majority of short-term studies (Six of 10, 60%) were physi-
cally active (33,37-41). Two studies recruited sedentary or
moderately active participants, (32,36) whereas two studies
did not describe participant baseline physical activity
(34,35).

Short-term studies: results

Non-Exercise physical activitylenergy expenditure: nine of
10 short-term studies (90%) reported no significant effect of
prescribed exercise on non-exercise physical activity (37—
41) or non-exercise energy expenditure (33-36). Alahmadi
et al. (32) reported a significant increase in non-exercise
physical activity 48 h after completing 60 min of high inten-
sity interval treadmill walking (5 min at 6 km h™', 10%
grade, 5 min at 6 km h™'; 0% grade) in a sample of over-
weight and obese, sedentary, young adult men.

Effect of study parameters on non-exercise
physical activity/energy expenditure

Exercise mode: no study provided a direct comparison on
the effect of exercise mode on non-exercise physical
activity/energy expenditure. A variety of exercise modes
was investigated including treadmill (32,37) or outdoor
(41) walking/running, cycle ergometer (33-36), adult
fitness classes (39,40) and recreational basketball (38).

Exercise intensity: no short-term study evaluated the
impact of exercise intensity on non-exercise physical
activity/energy expenditure.

Exercise duration: no significant difference in non-
exercise physical activity/energy expenditure was observed
in the three studies that included more than one duration of
prescribed exercise (34-36).

Exercise time of day: King et al. (37) reported no differ-
ence in physical activity 2 h after completing a 50 min
exercise session at 70% maximal heart rate either in the
morning or afternoon. Tudor-Locke etal. (39) and
Washburn & Ficker (40) both reported no difference in
non-exercise physical activity on days when participants
completed morning exercise compared with non-exercise
days.

Effect of participant characteristics on
non-exercise physical activity/energy expenditure

Age: no study evaluated the effect of age on non-exercise
physical activity/energy expenditure. The median age in the
nine of 10 short-term trials reporting no change in non-
exercise physical activity/energy expenditure was 29 years
(33-41).

Gender: although six studies included both men and
women, (33,36,38-41) no study reported on gender differ-

ences in non-exercise physical activity/energy expenditure.
Results from two separate studies using identical exercise
protocols and assessments of non-exercise energy expendi-
ture in samples of men (34) and women (35) found a
significant decrease in non-exercise energy expenditure
over 7 d in men but not in women.

BMI: no study provided data on the effect of BMI on
non-exercise physical activity/energy expenditure. Fifty
percent of short-term trials were conducted in normal
weight individuals (i.e. BMI < 25 kg m™).

Baseline activity level: no study provided data on the
effect of baseline level of physical activity on non-exercise
physical activity/energy expenditure. The majority of short-
term studies was conducted in active individuals.

Non-randomized trials

The 10 non-randomized trials comprised ~32% of the total
studies identified for this review (Table 3). Most trials
(seven of 10) evaluated changes in non-exercise physical
activity/energy expenditure in a single group (no control)
assigned to complete a longitudinal aerobic (19,43-47) or a
resistance training protocol (48). Two trials compared
changes in non-exercise physical activity/energy expendi-
ture between participants in a combined aerobic plus resist-
ance training protocol with non-randomly assigned
controls, (49,50) whereas one trial compared differences in
non-exercise physical activity/energy expenditure between
women who participated in an 8-week exercise programme
at a commercial exercise facility with a group of non-
exercise volunteer controls (51).

Non-randomized trials: study characteristics

Sample size/completion rate: the median (range) sample
size across the 10 non-randomized trials was 21 (11-34).
The completion rate in the one trial that reported this
information was 83% (44).

Trial length: the median (range) length of non-
randomized trials was 12 (8-26) weeks.

Exercise mode: four of the 10 non-randomized trials
employed indoor or  outdoor  walking/running
(43,44,46,51), cycle ergometer
(19,45,47), two used a combination of fitness centre-based
aerobic and resistance training (49,50), and one trial used

resistance training only (48).

three used exercise

Exercise supervision: all exercise sessions were super-
vised in six trials (19,45,47-50) and partially supervised in
four trials (43,44,46,51).

Exercise prescription (frequency): the median (range)
exercise frequency was 3 (2-5) d/week.

Exercise prescription (intensity): two trials prescribed
intensity as a percentage of maximal VO, (volume of
oxygen consumed min -1) (45,47), two by percentage of

© 2013 The Authors

Clinical Obesity © 2013 International Association for the Study of Obesity. clinical obesity 4, 1-20



9

Non-exercise physical activity R. A. Washburn et al.

inical obesity

cl

(ss0] 18} paloipald ueyy

SSO| PAABIYOE ‘gZ = U) siepuodsal-uou
ul Apueoniubis pesesldsp pue
(pa10oIpald 2 ss0| Jey {| | =Uu) slopuodsal

‘X333 — 33QL = 33 sI01eX8-UON
‘pus

(91 =u) M p G ‘Ul 0
(8L =u) . eamp g ‘ulw G/
:susened

ur Ajpueoniubis pasealoul 33 os10Joxa-UoN pue aul|eseq e SelEeIp ALAIKOR P-/ YIMm OM} JO BUO Ul YH Xew pajoipaid-ebe (€'v) €62 =1IN9
‘pue uonouN(UoD Ul Uohelqifed 33/4H [enpiaipul %./-2/ e osioloxe sejewobie (1'8)L'Le =8By (61) (0+02)
0} auljeseq woly Ajueollubls paseasoul 3301 yum Bupoyuow yH p 2 woly payewnss 33aL 8|0A0 pasiniadns | _jeam uiw 0G| S)oOM g USWIOM € [e 18 NoyiueN
dN = INg
(£) 86 =eby
SAep 8s[019Xa-UoU "SA 9S[0IOXd uswiom
uo 33 Ul seoualalIp Juediubls oN aulu :8s|0Jex]
‘Buiurely es10ioxs Joye pus pue auleseq ‘Xew YH dN = INg
10 210J2q 10 ‘|0JJUOD PUE BSI0I9Xd Udamiaq 1B UOIEIqI[eD J3/4H [eNPIAIPUI YIM %G/-0/ ‘,-Meam p € ‘Buinjiep :esioiex3 (g)gG = oby (1)
Joylie 33QL Ul sedualayip ueoubis oN Bupoyuow YH woly parewnse 33d1 U-vg 9S10J9X8 OU :|0JjU0D Syeam 8 UBWIOM Q| :|Jou0D (1002) 1B 1o [9Vhey
pus xapul 3 1HY oy} Buisn Ag (,-p M) 33v
0} auljeseq Apueoljiubls pesealoul sem 3 Hy wolj paALep
ueolIubIs-uou sem (,-p uiw) Ajianoe [eoisAyd Buini-eei
N9 (M 005<) ob.e| sem 33y Ul 8Bueyd uesy S[eaw 0} asuodsas olulay} 8y} 0} JUNOOOE (6'€)8'72 = ING
pus 0} auljeseq 01 %0} Aq 33QL Bulonpai Jaye 3301 Woly (2'€) 899 = by
pasealoul Ajjuedljubis sem |4 jo 33 Ajlep HINY Bunoengns Ag pelewiise sem 33y sos10J9X0 () ‘Xew dal-| %08-G9 ‘sdai USWOM UBASS (8%) (0002)
abelane sy} snulw 331 Pue 3301 Yyiog 14 JO Sy¥oeMm g 1se| pue aulieseq p1d 0l ‘S}es om] ‘| eam p € ‘|Y pesinledng S}eam 9g usw yb13 e jo JajunH
("N) v2 = IIng
(2)89 = 8By
XBUl 20N %G8 ‘,-UOISSas [edY 00E usw XIS
(x333 + 431 + HNY) —330L =33 4O [BOD € 0} | Moom e Xew ZOA ("UN) 6'€2 = IINg
pus 0} suljeseq 951016X9-UON %09 ,-UOISSaS [BOY G} JO 33 19U WOy () €9 = by (Sv) (2661)
paonpal Ajjueoliubls sem 33 8s101oxa-UON pus pue auljeseq M1A pessalfoid *,-eem p ¢ isjowoblis 8j9AD Syoem g uswiom oAl UBWIYS0d Q@ UBIOD
33 &s[0Jaxa-uou pue 33JJ Ul SOSeal0ap
jueolubIS pamoys (%t17) siuedionsed
7€ JO G| sealoym ‘33 as|oioxa-Uuou €1 3dY 1e ulW 0G ‘€ YIUoN
pue 331 ul sesea.dul Juedlubls pemoys 'sAep Bulureli-uou pue L1 3dY e ulw 0G g YIUOW
(%95) sjuedionted ¢ Jo 61 UASMOH Buiuren yiog Buipnjour Aep puasoem | pue 8|eds (¢'v) 692 =INg
‘ojdwes o1o|dwoo 8y} Ul 33 8S104ex8-Uou syoaMm g Buipn|oul sAep 8AIIND9SUOD € "pud juiod-G| uo || 34y ¥e ulw O | YIUOWN (9'¢) 6'6G = oby (¥v) (2102)
Jo 33Q] Ul 8bueyd ueoyubis oN puUB aulesEq JB puBqUIIE ZOld JBeap\asuas | 9aM P ¢ sylem dnoig syoem g| uswiom ¢ e 1o oiselg 1d
33 9S|0JoXa-UoU U| S8SEI08p
Jerealb pey oulleseq 1e i} SS8| aIom
oym syued|onied ‘pouad Yoem-y ay} JoAo
33 9SI019X9-UOU POSESIOBP SIUSWSSOSSE
M1Q yum sjuedioiied usnas sy} (X333 + 431 + YAY)-330L =33
JO XIS 't 39om 0} auljoseq woiy Ajueoyiubis 9S[019X9-UON
paseadsp 33 8s101oxa-UON M1 syuedioied uanes ‘pasiniednsun (S'v) 6'€C=1IN9
¥ %9am 0} auljeseq uo y—¢ "syeem Buunp pue aujjeseq — 1A S)oOM 7 ‘pasiniadns syeam { Lz
woly Alanoe aresepoul 1o b1 ‘Alejuspas ul - Syeem Buunp pue auljeseq e ,-@am [80Y 00G | = 1eble) 'Ly = oby (ev)
puads awli} 8y} ul 86uBYO ON :181OWO0I8[900Y J19}oW0Io[900E [elxe-1i| ‘SABp 9AIN08SUOD 7| yum Buisem Aysusiul o1elapoly syoem g uswiom g (orL0zg) 1B 12 A9]100
synsey JUBWISSOSSE Yd uonuaAaU| yibue suedioiied Apnig

S|} POZIWOPUBI-UON € d|geL

© 2013 The Authors

Clinical Obesity © 2013 International Association for the Study of Obesity. clinical obesity 4, 1-20



I obesity

inica

cl

10 Non-exercise physical activity R. A. Washburn et al.

'poo} JO 109}y dlwiayl 43 ‘einlpuadxe ABious Ajlep [ej0} ‘33QJ ‘UOIEIAeP PIEPUB)S ‘(S ‘Uolexe paaleoiad jo Buljel ‘I4y ‘eles oljogelew Bunsal
‘HINY ‘paliodal Jou ‘YN ‘erel ueay ‘YH ‘einypuadxs ABlaus asioiexe ‘X333 ‘ainipuadxe ABisus ‘33 ‘1ajem paj|ege| Algnop ‘M1 ‘JuseAinba swil palejal-AlAnoe ‘J1HYy ‘ainyipuadxs ABlaus AyAnoe ‘93y

(as) ues,

(%2'2) S98M 7| PUE (%8'Y) Sxoem / 18

(x333 + 33 des|s) - 330QL = 33 ©sI0IeXe-UON

‘Aldwioeo wool ajoym Ag passesse
SOIIAIJOE POPIODa [BNSN JO 33 "SHOOM {|

‘1 YoM 1B %g9 pue / seam

18 Xew 0N %19 SeM Allsuelul 8sio1ex]
"ploYSeIU} BFEI0E| JB UIW € pue (Ul G)
XBW ZOA %0G Usemioq Buneulsie
Bulurel [eAIBIU| |- SHOOM
XBW 20/ %0G 1B Ul 02 2| SHOaM
| eem p g

(UN) 2'S2=1Ng
(e2) 829 =9oby
usuiom

(v)

yioq Apueoiiubis pasealoop 33 9SI0J9X9-UON pue syoem / ‘oseq Je Aseip AlAIOE p-/ ‘os|0Joxa Jajowoblie 8[0Ad pasiaiedng SHOOM Y| WbIe ‘usw dAl4 (8661) /B 18 OUON
(¥) 62 =1NG
(8) €9 =0bv
"9NIBS8l HH %0G~ Alsualu| uswom
‘9 }99M Je pajou sem ‘(sesiolexa yble ‘sdai Ll fusw ||
sAep Bujurell-uou pue Bulurels) usamieq 0} ‘S1oS om1) seulyoew Xoels-1yblom ESIE |
INdiNo Je}euwlola|900e 8s]04aXa-uou pue olpJed Buisn sas|olaxa (e) 9z = INg
ul saoualayip ueoiubis oN ‘sAep BUIU JO UOISSaS [ENPIAIPUI UIW-06 0} | () 66 = oby
Bujures;-uou uo ueyy Jamo| Apueoiiubis 'salIAlO. Olqoloe VENTN
sem sAep Bujures; uo INAINO Jo}eW0I8|900e S)}eam g| pue snoleA Jo uoisses dnolb uiw-0g 03 | OAl} ‘UBW XIS (0g)
9SI0J9X9-UOU UBBW By} ‘SHooM Z| 1 9 ‘aUl|oSEq 1B J918WO0IB|900E [BIXe-11] P-{| ‘| M99M p g es1olexs pasiaiedng SHoOM 2| |0J1U0D (0002) ‘Ie 1o JalioN
(L'e) 9'sg=1Ng
(G¢€) 6'85 = by
‘9 }9OM JB paljou sem (sesloiexa yble ‘sdal usw uanas
sAep Bulurelsl-uou pue Bulurels) usamieq 0l ‘S}os om}) seulyoew xoeis-1yblrom ‘uswom 1ybie
INdiNo Jo}ewola|900. 8s104aXa-Uou pue olpsed Buisn sas|olaxa 9s10J9X]
Ul seoualaylp jueolubis oN ‘sAep BUIU JO UOISS8S [enpPIAIPUl UIW-06 O} | (9'2) ¥'2G = aby
Bujurel;-uou uo ueyy Jamo| Ajuediiubis ‘SOIlAIOR Dlgoloe usw 9aly}
sem sAep Bujures; uo INdIN0 JejewoI8|900e SY}eam g| pue snoleA Jo uoissas dnolb ujw-09 03 | ‘uswiom Inoy (61)
9SI0J9X9-UOU UBSW By ‘SHooM g| 1 9 ‘oUl|oSEe( 1B J918WO0IS|900E [BIXe-11] P-i| ", M98aM p g esIolexs pasiaiedng SHeOM g | |0J1U0D (6661) Je 1o Jolioy
AleAnoadsai
‘USLIOM PUB UBW Ul %82 PUE %GG
AQ pasealoul 33 as|oJexa-uou Jey) 1sebbng (0'2) e€z2=1INg
‘Bujuuny Jo 33 10U Y} Jo asneoaq Ajented (6€) £'Ge = 8by
AJUO SEM UOIUyM USWOM pUB UsW Ylog 'SH9OM (Og pUB BUI[eSeq 1B USWOM INO} SyeOM Qg Jole uswiom 9|
ul paseasoul 33 deals snuiw 3301 M1a pue uaw Jnoj Jo ajdwes-qns Wopuel :A1d | feem W Or—GZ PUB Syeam g Jaye (L)) 222=1INg
1NdINO 1818W0I8|900. 8S10I9X8-UOU U0 SEEIN 4 L )@8M WX GZ—G| JO SDUEISIP [B10} B U0} (€) 126 =0by (9v)
Bulures; asjolaxe Jo 109)8 ON :1e1eW0Ia|900y pue 8 ‘aul|oSEq 1B J8}eW0I8|90%E P / (pesintedns p 1) | -Meam p ¢ Buluuny syuow G uaw 9| (1661) [ 1o Jalipy
synsey JUBWISSOSSE Yd uoluaAlaU| yibue siuedioied Apnig

panujuoy € dlqeL

© 2013 The Authors

Clinical Obesity © 2013 International Association for the Study of Obesity. clinical obesity 4, 1-20



clinical obesity

Non-exercise physical activity R. A. Washburnetal. 11

maximal heart rate (19,51), one by heart rate reserve (50)
and one by ratings of perceived exertion (44). The median
(range) of intensity prescriptions was 74% (62-85%)
maximal VOa; 73% (70-77%) maximal heart rate, 50%
heart rate reserve; and perceived exertion 11-13 on a
15-point scale. Resistance training in the study by Hunter
etal (48) was conducted at 65-85% one repetition
maximum. Prescribed exercise intensity was not reported in
three trials (43,46,49).

Exercise prescription (duration). Five trials prescribed
exercise duration by time (19,44,47,49,50), two by level of
exercise energy expenditure (43,45) and two by walking/
running distance (46,51). The median (range) duration of
exercise for the five trials prescribing exercise by time was
150 (60-200) min/week. The median (range) for trials pre-
scribing exercise by energy expenditure was 975 (450-1500)
kcal/week. Prescribed walking distance was 3-6 km d!
(51), and running distance was 25-40 km week™ (46).

Compliance with the exercise protocol: four trials
reported the percentage of exercise sessions attended (range
83-100%) (19,44,49,50), whereas one trial reported
the level of exercise energy expenditure (prescribed
1500 kcal week™; achieved 1434 kcal week™) (43). Com-
pliance with the exercise protocol was not reported in five
trials (45-48,51).

Physical activitylenergy expenditure assessment: physical
activity/energy expenditure was assessed by accelerometer
in two trials (49,50), both accelerometer and doubly labelled
water in two trials (43,46), heart rate monitoring with
individual heart rate/energy expenditure calibration in two
trials (19,51), doubly labelled water in two trials (45,48), an
activity diary in one trial (47), and a SenseWear
(BodyMedia, Pittsburgh, PA, USA) arm band in one trial
(44). Non-exercise energy expenditure was the outcome
measure in six trials (19,44,45,47,48,51), both non-exercise
energy expenditure and non-exercise physical activity were
the outcomes in two trials, (43,46) whereas non-exercise
physical activity was the outcome in two trials (49,50).

Assessment of exercise energy expenditure: five trials
assessed the energy expenditure of the prescribed exercise.
Three trials used heart rate with individual heart rate/
energy expenditure calibration (19,43,45), one trial used
indirect calorimetry (48) and one trial used a whole-room
calorimeter (47).

Non-randomized trials: participant characteristics

Age: the median (range) age across all non-randomized
trials was 58 (32-67) years.

Gender: six trials (60%) included both men and women
(45-50), whereas four trials (42%) included women only
(19,43,44,51).

BMI: the median (range) BMI was 27 (23-34) kg/m>.
Five of the nine trials that reported BMI had a mean sample

© 2013 The Authors

BMI in the overweight category (i.e. 25-29.9 kg m™),
(19,44,47,49,50) whereas the mean sample BMI was clas-
sified as obese (i.e. 230 kg m) in one trial (43) and normal
weight (i.e. <25 kg m™) in three trials (45,46,48).

Minority status: one study described the minority repre-
sentation in the study sample (100% white) (48). No study
reported non-exercise physical activity/energy expenditure
by race or ethnicity.

Participant activity level: nine of the 10 non-randomized
trials that described inclusion criteria for level of baseline
recruited participants

physical  activity sedentary

(19,43,44,46-51).

Non-randomized trials: results

Non-exercise physical activitylenergy expenditure: five of
10 non-randomized trials reported a significant decrease in
non-exercise physical activity (49,50) or non-exercise
energy expenditure (43,45,47) resulting from participation
in prescribed exercise. Increased non-exercise energy
expenditure was reported in two trials: one in response to
resistance (48) and one in response to aerobic exercise
training (46). Interestingly, Meijer et al. (46) reported
increased non-exercise energy expenditure assessed by
doubly labelled water in a small subsample of participants
(n =4 men, n=4 women) but found no effect of exercise
on non-exercise physical activity as assessed by accelerom-
eter in the complete sample (7 =16 men, n =16 women).
One trial showed no change in mean non-exercise energy
expenditure in a sample of 34 women participating in a
walking programme (4 d week™, 13 weeks); however, non-
exercise energy expenditure was significantly increased in
56% and decreased in 44% of women (44). Manthou et al.
(19) reported a significant increase in total daily energy
expenditure from baseline to end study (8 weeks) in 34
women who completed 150 min week™ of supervised cycle
ergometer exercise which suggests either no change or an
increase in non-exercise energy expenditure. However, non-
exercise energy expenditure was increased significantly in
responders (fat loss >predicted) compared with non-
responders (fat loss <predicted). Keytel et al. (51) reported
no difference in total daily energy expenditure assessed
by 24-h heart rate monitoring in a sample of women
who completed an 8-week, partially supervised walking
protocol.

Effect of study parameters on non-exercise
physical activity/energy expenditure

Exercise mode: no study compared non-exercise physical
activity/energy expenditure by mode of exercise training.
Decreased non-exercise physical activity/energy expendi-
ture has been shown across a variety of exercise modes
including group exercise classes, consisting of a combina-

Clinical Obesity © 2013 International Association for the Study of Obesity. clinical obesity 4, 1-20
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tion of aerobic and resistance exercise (49,50), outdoor
walking (43) and cycle ergometer exercise (45,47).
Increased non-exercise energy expenditure has been shown
with both aerobic (46) and resistance training (48). No
change in non-exercise physical activity/energy expenditure
has been reported with outdoor walking (44).

Level of exercise energy expenditure/duration: no study
compared non-exercise physical activity/energy expenditure
by level of exercise energy expenditure or duration of
exercise. Decreased non-exercise physical activity/energy
expenditure has been shown with exercise energy expendi-
tures of 900 (45) and 1500 kcal week™ (43), durations
of 75 (47) and 150 min week™ (49,50) and walking
9-18 km week™" (51). Non-exercise physical activity/energy
expenditure increased in response to a running programme
that progressed from 15 to 40 km week™! (46). No change in
non-exercise physical activity/energy expenditure has been
shown with 200 min week™ of walking exercise (44).

Exercise intensity: no study compared non-exercise
physical activity/energy expenditure by level of exercise
intensity. Decreased non-exercise physical activity/energy
expenditure has been shown with exercise energy inten-
sities of 60-85% VO, max (45,47) and ~50% heart rate
reserve (50). No change in non-exercise physical activity/
energy expenditure has been shown with exercise at
70-77% max heart rate (19,51).

Effect of participant characteristics on
non-exercise physical activity/energy expenditure

Age: no study evaluated the effect of age on changes in

non-exercise physical activity/energy expenditure in
response to exercise training. Studies were generally con-
ducted in adults with a median age of 58 years which was
older than the median age of participants in or short-term
studies (29 years) and similar to the median age of partici-
pants in randomized trials (53 years).

Gender: none of the six non-randomized trials that
included both men and women reported changes in non-
exercise physical activity/energy expenditure by gender
(45-50).

BMI: no study evaluated the effect of BMI on changes in
physical activity/energy expenditure in
response to exercise training. Three of the 10 non-
randomized trials that reported a significant decrease in

non-exercise physical activity/energy expenditure were con-

non-exercise

ducted in overweight individuals (47,49,50), and one each
in normal weight (45) and obese individuals (43). One trial
did not report participant BMI (51).

Fitness/activity level: one non-randomized trial reported
that low baseline fitness was associated with greater
decreases in non-exercise energy expenditure (43). Non-
randomized trials were generally conducted in sedentary
individuals (19,43,44,46-51).

Randomized trials

The seven randomized trials constituted ~23% of the total
number of studies identified for this review (Table 4). The
majority of randomized trials (5/7) compared non-exercise
physical activity/energy expenditure between participants
randomly assigned to an exercise group/groups vs. a non-
exercise control (15,21,52-54). One trial compared non-
exercise physical activity/energy expenditure between
different exercise durations and intensities (55), whereas
one trial compared aerobic, resistance, and a combination
of aerobic and resistance training (56). With the exception
of the trial by Rosenkilde et al. (21), who reported both
efficacy and intent-to-treat results, all other randomized
trials employed an efficacy approach.

Randomized trials: study characteristics

Sample size/completion rate: the median (range) sample
size across the seven randomized trials was 53 (26-411).
The median (range) proportion of randomized participants
who completed the intervention and provided data for
non-exercise physical activity/energy expenditure was 87%
(38-100%).

Trial length: the median (range) length of the seven
randomized trials was 24 (13-32) weeks.

Exercise mode: the majority of randomized trials (four of
seven, 57%) involved laboratory-based aerobic exercise
conducted on cycle ergometers/rowers/steppers/treadmills
(15,21,55), or outdoor walking/running (53); two trials
used a combination of resistance and aerobic training,
(52,56) and one trial involved resistance training only (54).

Exercise supervision: all exercise sessions were supervised
in five of seven (71%) of randomized trials (15,52,54-56)
and partially supervised in two trials (29%) (21,53).

Exercise prescription (frequency): exercise frequency
ranged from 3 to 5 d/week in groups randomized to aerobic
exercise and 2-3 d week™! for groups randomized to resist-
ance training.

Exercise prescription (intensity): in the six randomized
trials that included aerobic exercise, intensity was pre-
scribed as a percentage of maximal/peak VO, in five trials
(15,21,53,55,56), whereas one trial prescribed exercise
intensity as a percent of heart rate reserve (52). The median
(range) of intensity prescriptions was 65% (50-85%) of
maximal VO,, Exercise was prescribed at 50-60% of heart
rate reserve in the one trial that employed this method (52).

Exercise prescription (duration). Three randomized trials
prescribed exercise duration by energy expenditure/
kilogram body weight (15,55,56), two by time (52,53) and
one by level of exercise energy expenditure (21). Exercise
time was 60 (53) and 120 mind™ (52); 300 and
600 kcal &' (21); 4, 8 and 12 kcal kg™ week™ (15);
14 kcal kg™ week™ (56); and 59 and 96 k] kg™ week™

© 2013 The Authors
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(55). Resistance training in the study by VanEtten et al.
(54) consisted of three sets of 15 reps over 10 exercises.

Compliance with the exercise protocol: five studies pre-
sented data relative to participant compliance with the
exercise training protocol as assessed by the percentage of
scheduled exercise sessions attended (15,21,53,54,56). The
median (range) percentage of exercise sessions attended
was 96% (84-99%).

Physical activitylenergy expenditure assessment: physical
activity/energy expenditure was assessed by accelerometer
in three trials (21,55,56). Trials also used a heart rate/
accelerometer device (53), pedometers (15), activity diaries
(52), and both accelerometers and doubly labelled water
(54). Non-exercise energy expenditure was the outcome
measure in four trials (52-55), whereas non-exercise physi-
cal activity was the outcome in three trials (15,21,56).

Assessment of exercise energy expenditure: four trials
assessed the energy expenditure of the prescribed exercise.
Two trials used heart rate with individual heart rate/energy
expenditure calibration (21,54), one trial used indirect
calorimetry (15) and one trial used date, time and duration
of each exercise session recorded by an electronic monitor-
ing system (53).

Randomized trials: participant characteristics

Age: the median (range) age across all randomized trials
was 53 (34-67) years.

Gender: three trials included both men and women
(52,55,56), three trials included only men (21,53,54) and
one trial included only women (15). Only one of the three
trials that included both men and women provided separate
results by gender (52).

BMI: the median (range) BMI for participants over the
six randomized trials that provided baseline BMI data was
29.1 (23.7-31.1) kg/m?. Two randomized trials evaluated
overweight participants (i.e. BMI 25-29.9 kg m?) (21,53),
whereas the mean sample BMI was classified as obese (i.e.
>30 kg m™) in three trials (15,55,56) and normal weight
(i.e. BMI < 25 kg m™) in one trial (54).

Minority status: one study described the minority repre-
sentation in the study sample (36.5% minority) (15). No
study reported non-exercise physical
expenditure by race or ethnicity.

Participant activity level: six of the seven non-
randomized trials that described inclusion criteria for level

activity/energy

of baseline physical activity recruited sedentary partici-
pants (15,21,53-56).

Randomized trials: results

Non-exercise physical activitylenergy expenditure: five of
the seven randomized trials provided data on the response
of either non-exercise physical activity (15,21,56) or

© 2013 The Authors

non-exercise energy expenditure (53,55), resulting from
participation in prescribed aerobic (15,21,53,55), or a
combination of aerobic and resistance exercise (56). No
change in either non-exercise physical activity or non-
exercise energy expenditure was reported in any of these
five trials. Fujita et al (52) reported a significant increase in
total daily energy expenditure in response to a combination
of aerobic and resistance training which indirectly suggests
that non-exercise energy expenditure was not decreased.
No change in non-exercise energy expenditure was
reported in the one trial that evaluated the response to
resistance training (54).

Effect of study parameters on non-exercise
physical activity/energy expenditure

Exercise mode: no significant differences in non-exercise
physical activity were shown in the one randomized trial
that compared the effects of aerobic, resistance, and a
combination of aerobic and resistance training (56). No
changes in non-exercise physical activity energy expendi-
ture were shown for laboratory-based aerobic exercise con-
ducted on cycle ergometers/rowers/steppers/treadmills
(15,21,55), outdoor walking/running (53), a combination
of resistance and aerobic training (52), and resistance train-
ing alone (54).

Level of exercise energy expenditure/duration: three
randomized trials compared non-exercise physical activity/
energy expenditure by level of exercise energy expenditure
or exercise duration (15,21,55). No differences in non-
exercise physical activity/energy expenditure have been
shown in response to exercise training at 4, 8 and
12 kcal kg™ week™ (15), 5023 and 8372 kJ week™ (55) or
900 and 1800 kcal week™ (21).

Exercise intensity: the one randomized trial that com-
pared non-exercise energy expenditure by level of exercise
intensity (40-55% vs. 65-85% VO, peak) found no sig-
nificant difference by intensity groups (55). No differences
in non-exercise physical activity/energy expenditure have
been shown with exercise over a range of 50-85% maximal
VO, (15,21,53,55,56).

Effect of participant characteristics on
non-exercise physical activity/energy expenditure

Age: no randomized trials evaluated the effect of age on
changes in non-exercise physical activity/energy expendi-
ture in response to exercise training. Randomized trials
were conducted in adults with a median age of 53 years,
which was similar to the age of participants in non-
randomized trials (58 years) and older than participants in
short-term trials (29 years)

Gender: no randomized trials provided data on gender
differences for changes in non-exercise physical activity/

Clinical Obesity © 2013 International Association for the Study of Obesity. clinical obesity 4, 1-20
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accelerometer (49,50) or non-exercise energy expenditure
assessed by doubly labelled water (43,45) or an activity
diary (47). In contrast, four studies included in this review
(13%) suggested increased non-exercise physical activity/
energy expenditure in response to both increased occupa-
tional activity and exercise training (28,29,46,48). For
example, results from two cross-sectional studies suggested
higher levels of occupational activity were associated with
higher levels of leisure time activity (28,29), whereas two
non-randomized trials reported significantly increased non-
exercise energy expenditure in response to both aerobic
(46) and resistance training (48). All five studies that
reported decreased non-exercise physical activity/energy
expenditure employed a non-randomized design, included
primarily aerobic exercise training and were conducted in
sedentary overweight or obese older adults, median age of
61 years (43,45,47,49,50). Interestingly, the median age
across all other study designs that found no evidence for
decreased non-exercise physical activity/energy expenditure
was 44 (range 29-53 years). These results suggest that
non-exercise physical activity/energy expenditure may
decrease in response to exercise training in older individ-
uals. However, this hypothesis has not been evaluated in a
trial comparing change in non-exercise physical activity/
energy expenditure between older and younger participants
in response to identical exercise training protocols.

Limitations in the available literature

There are several important limitations in the literature
available for this systematic review. The most critical limi-
tation is that no studies were specifically designed and
adequately powered to detect significant between- or
within-group differences in non-exercise physical activity/
energy expenditure in response to exercise training.
However, the randomized trial by Fujita et al. (52) was
powered to evaluate changes in total daily energy expendi-
ture in response to a combination of cycle ergometer and
resistance exercise training. Although all 10 non-
randomized trials were specifically designed to evaluate the
effect of exercise training on non-exercise physical activity/
energy expenditure, the majority of these trials (60%) were
conducted in small samples of <20 total participants or
<20 participants/group (43,45,47,48,50,51). The two
randomized trials (~29%) that were conducted specifically
to evaluate the effect of exercise training on non-exercise
physical activity/energy expenditure were also conducted in
small samples of <20 participants/group (53,54).

The literature is also limited by the lack of studies that
have employed state-of-the-art techniques to evaluate the
impact of exercise training on non-exercise energy expendi-
ture. In the context of weight management, it is important
to assess the effect of participation in exercise training on
non-exercise energy expenditure rather than non-exercise

© 2013 The Authors

physical activity. However, the impact of exercise training
on non-exercise energy expenditure was reported in only
14 of 31 studies (~45%) identified for this review (33—
35,43-48,51,53-55). Only six of those 14 studies, with a
total sample size of 65 participants, assessed non-exercise
energy expenditure using measures of total daily energy
expenditure assessed by doubly labelled water, considered
the gold standard for the measurement of energy expendi-
ture in free-living individuals (57). These six studies
included a variety of designs: one short-term crossover
(36), four non-randomized trials (43,45,46,48) and one
randomized trial (54). Estimation of non-exercise energy
expenditure using doubly labelled water also requires accu-
rate assessments of both resting and exercise energy
expenditure. Although all six studies assessed resting
energy expenditure using indirect calorimetry, only one
non-randomized trial assessed exercise energy expenditure
by indirect calorimetry (46). This trial evaluated the impact
of running 24-40 km week™ in preparation for a half-
marathon competition on non-exercise energy expenditure
in a small sample of eight normal weight individuals. Other
trials used less precise measures of exercise energy expendi-
ture. These included heart rate with individual heart rate/
energy expenditure calibrations (43,45,54), estimates of
exercise energy expenditure (indirect calorimetry) obtained
from a previous trial which used a similar exercise training
protocol (48) or calculated physical activity level (total
energy expenditure divided by resting energy expenditure)
(36). Thus, no studies included in this review were both
adequately powered and provided estimates of non-
exercise energy expenditure obtained using state-of-the-art
techniques.

The available literature is also limited by an insufficient
number of studies that have evaluated the impact of either
exercise parameters or participant characteristics on non-
exercise physical activity/energy expenditure. For example,
no studies were identified that have evaluated the effect of
age, gender, race/ethnicity, BMI, and only one study that
reported the association of baseline physical fitness on the
response of non-exercise energy expenditure to exercise
training (43). The impact of exercise mode (56) and inten-
sity (55) has each been assessed in only one study. Although
six studies, three short-term (34-36) and three randomized
trials (15,21,55) evaluated the impact of exercise duration/
energy expenditure on non-exercise physical activity/energy
expenditure, only one short-term study (14 d) provided
assessments of non-exercise energy expenditure using
double-labelled water (36). Evidence for the influence of
the time of day at which exercise training is performed on
non-exercise physical activity/energy expenditure is avail-
able only from three short-term trials (37,39,40). No
studies have evaluated the effect of exercise frequency,
intermittent vs. continuous exercise or the time course of
any change

in non-exercise physical activity/energy
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expenditure. Information relative to the impact of both
exercise parameters and participant characteristics on non-
exercise physical activity energy expenditure would inform
the design and delivery of exercise-based weight manage-
ment programmes.

Limitations of this review

Our conclusions should be cautiously interpreted as they
are based on both data primarily from suboptimal study
designs (e.g. cross-sectional, short-term, non-randomized
trials) and from randomized trials with a high risk of one or
more forms of bias. In addition, we did not contact authors
to obtain missing data or for clarification of any informa-
tion presented in the published reports; therefore, missing
information may reflect reporting bias as opposed to any
limitations in the conduct of the study.

Conclusions

The present systematic review found no evidence to suggest
that exercise training has a significant effect on non-
exercise physical activity/energy expenditure. However, as
previously discussed, the available literature on this topic
suffers numerous methodological shortcomings. Therefore,
we recommend additional randomized trials designed to
evaluate the impact of exercise training on non-exercise
physical activity/energy expenditure in overweight/obese
adults that (i) are powered specifically to detect clinically
significant differences; (ii) assess non-exercise energy
expenditure using measures of total daily energy expendi-
ture assessed by doubly labelled water and using measure-
ments of resting and exercise energy expenditure in
calculating non-exercise energy expenditure; (iii) evaluate
the impact of both exercise parameters (mode, frequency,
intensity, duration, time of day, intermittent vs. continuous)
and participant characteristics (age, gender, BMI, race/
ethnicity, fitness/activity level; and (iv) evaluate levels of
exercise for weight management currently recommended
by governmental agencies or professional organizations
such as the International Association for the Study of
Obesity, the Institute of Medicine and ACSM.

Appendix

Complete search strategy

‘Physical activity’ [Title/Abstract] OR ‘Exercise’ [Title/
Abstract] OR  ‘training’ [Title/Abstract] OR ‘energy
expenditure’ [Title/Abstract]) AND (off-exercise[Title/
Abstract] OR  nonexercise[Title/Abstract] OR
exercise[Title/Abstract] OR activities of daily living[Title/
Abstract] OR  activity  counts[Title/Abstract] OR
spontaneous physical activity[Title/Abstract] OR sponta-

non-

neous activity[Title/Abstract]
Abstract] OR

OR compensation|Title/
compensatory[Title/Abstract]) NOT
‘multiple sclerosis’ [Title/Abstract] NOT spinal[Title/
Abstract] NOT  paraplegia[Title/Abstract] ~ NOT
stroke[Title/Abstract] NOT athletes[Title/Abstract] NOT
Alzheimer’s[Title/Abstract] NOT  fibromyalgia[Title/
Abstract] NOT wheelchair[Title/Abstract] NOT (‘surgical
procedures, operative’ [MeSH Terms] OR ‘general surgery’
[MeSH Terms]) NOT cancer[Title/Abstract] NOT
COPD|Title/Abstract] NOT ‘dialysis’ [Title/Abstract] NOT
pregnant[Title/Abstract] NOT ‘injury’ [Title/Abstract]
NOT HIV|[Title/Abstract] NOT children[Title/Abstract]
NOT parkinson[Title/Abstract] NOT heart failure[Title/
Abstract] AND (hasabstract[text] AND (‘1990/01/01°
[PDAT]: 2013/03/11° [PDAT]) AND ‘humans’ [MeSH
Terms] AND English[lang] AND (‘adult’ [MeSH
Terms:noexp] OR ‘middle aged’ [MeSH Terms]).
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