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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 physical activity/exercise
training. Thirty-one articles were included in this review. One-hundred per cent of cross-sectional
studies (n=4), 90% of short-term studies (n = 10), 50% of non-randomized trials (#= 10) and
100% of randomized trials (7= 7) reported no reductions in non-exercise physical activity/energy
expenditure 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.
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Introduction

Data from the 2009-2010 National Health Examination Survey suggest that 68.8% of those
age =20 years are overweight (body mass index [BMI] = 25 kg m~2), whereas 35.7% are
obese (BMI = 30 kg m~2) (1) with approximately 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 Health
and Nutrition Survey (2003-2008) indicated that among adults (18-54 years), approximately
75% of 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 organizations 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 Health Organization (4) and the American College of Sports Medicine
(ACSM) (8). Compared with weight loss induced by energy restriction, weight loss achieved
by exercise 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 suggested 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 hon-exercise energy
expenditure might compensate 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.
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This systematic review was performed and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis guidelines (24,25).

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 occupational activity or
prescribed exercise were eligible for inclusion in this systematic review. Specific eligibility
criteria included #ypes of studies. cross-sectional, short-term, and both non-randomized and
randomized trials; fypes of participants: 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 confined 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 spontaneous activity[Title/Abstract] OR
compensation[Title/Abstract] OR compensatory[Title/Abstract]. Additional 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
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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 inclusion in the review by two
investigators and coded as ‘yes’, ‘no’ or ‘maybe’. All investigators who participated in
eligibility 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
assessment method, and results.

Risk of bias in individual studies

Risk of bias for randomized trials was independently evaluated 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.

Synthesis of results

Acrticles 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) participant characteristics (age, gender, BMI,
activity level); (ii) exercise prescriptions (mode, frequency, intensity, duration); (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 (accelerometer, 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.
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Results based on the extracted data were instead synthesized and presented grouped by study
design.

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).

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 recreational 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~2 (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 et 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 a/. (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 a/ (31) compared physical activity over 7 d
in women who were habitual exercisers (averaged 8.6 h week ™1 over 22 years) with
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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= 8 most active) and non-exercisers (1= 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 prescribed exercise. Short-term studies have also compared physical
activity between exercise and non-exercise days in 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 consumption (33). Exercise
duration ranged from 60 to 120 min session™1 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
57.1 kJ kg1 body weight (36) and 2092 kJ d~1 above RMR (33).

Physical activity/enerqy 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).

Clin Obes. Author manuscript; available in PMC 2018 June 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Washburn et al.

Page 7

BMI: the median (range) BMI across the 10 studies was 23.6 (21.4-30.0) kg/m?2. Four of 10
studies included overweight participants, (33,38—40) whereas only one study included obese
participants (32).

Minority status. one study described the minority representation in the study sample (100%

white) (33). No study reported non-exercise physical activity/energy expenditure by race or

ethnicity.

Participant activity level. participants recruited for the majority of short-term studies (Six of
10, 60%) were physically 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 activity/energy 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 a/. (32) reported a significant
increase in non-exercise physical activity 48 h after completing 60 min of high intensity
interval treadmill walking (5 min at 6 km h™1, 10% grade, 5 min at 6 km h™1, 0% grade) in a
sample of overweight 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 difference 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 et a/. (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).
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Gender: although six studies included both men and women, (33,36,38-41) no study
reported on gender differences in non-exercise physical activity/energy expenditure. Results
from two separate studies using identical exercise protocols and assessments of non-exercise
energy expenditure 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™2).

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 expenditure between participants in a combined
aerobic plus resistance 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), three used cycle ergometer exercise (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).

Exercise supervisiorr. all exercise sessions were supervised 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 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 VO,; 73% (70-77%)
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maximal heart rate, 50% heart rate reserve; and perceived exertion 11-13 on a 15-point
scale. Resistance training in the study by Hunter et a/ (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
prescribing exercise by energy expenditure was 975 (450-1500) kcal/week. Prescribed
walking distance was 3-6 km d~1 (51), and running distance was 25-40 km week ™1 (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™1; achieved 1434 kcal week™1) (43).
Compliance with the exercise protocol was not reported in five trials (45-48,51).

Physical activity/energy 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?2. Five of the nine trials that reported
BMI had a mean sample BMI in the overweight category (i.e. 25-29.9 kg m™2),
(19,44,47,49,50) whereas the mean sample BMI was classified as obese (i.e. 230 kg m™2) in
one trial (43) and normal weight (i.e. <25 kg m=2) in three trials (45,46,48).

Minority status.: one study described the minority representation in the study sample (100%
white) (48). No study reported non-exercise physical activity/energy expenditure by race or
ethnicity.
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Participant activity level. nine of the 10 non-randomized trials that described inclusion
criteria for level of baseline physical activity recruited sedentary participants (19,43,44,46—
51).

Non-randomized trials: results

Non-exercise physical activity/energy 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 (7= 4 men, 7= 4 women) but found no effect of exercise on non-
exercise physical activity as assessed by accelerometer 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 ™1, 13 weeks);
however, non-exercise energy expenditure was significantly increased in 56% and decreased
in 44% of women (44). Manthou et a/. (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 ™1 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 expenditure has
been shown across a variety of exercise modes including group exercise classes, consisting
of a combination 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 expenditures of 900 (45) and 1500 kcal week™ (43), durations of 75 (47) and 150
min week ™1 (49,50) and walking 9-18 km week~1 (51). Non-exercise physical activity/
energy expenditure increased in response to a running programme that progressed from 15
to 40 km week™1 (46). No change in non-exercise physical activity/energy expenditure has
been shown with 200 min week ™1 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
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been shown with exercise energy intensities 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 conducted 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 participants 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 non-exercise 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 conducted 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 a/. (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),
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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 supervisior:. 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=2 for groups randomized to resistance
training.

Exercise prescription (intensity): in the six randomized trials that included aerobic exercise,
intensity was prescribed 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 min d~1 (52); 300
and 600 kcal d™1 (21); 4, 8 and 12 kcal kg™ week ™ (15); 14 kcal kg™ week™ (56); and 59
and 96 kJ kg~ week™1 (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 presented 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 activity/enerqy 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 physical activity was the outcome in three trials
(15,21,56).

Assessment of exercise enerqy 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 monitoring system
(53).

Randomized trials: participant characteristics

Age:the median (range) age across all randomized trials was 53 (34-67) years.
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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/m2. Two randomized trials evaluated overweight
participants (i.e. BMI 25-29.9 kg m~2) (21,53), whereas the mean sample BMI was
classified as obese (i.e. >30 kg m™2) in three trials (15,55,56) and normal weight (i.e. BMI <
25 kg m~2) in one trial (54).

Minority status. one study described the minority representation in the study sample (36.5%
minority) (15). No study reported non-exercise physical activity/energy expenditure by race
or ethnicity.

Participant activity level. six of the seven non-randomized trials that described inclusion
criteria for level of baseline physical activity recruited sedentary participants (15,21,53-56).

Randomized trials: results

Non-exercise physical activity/energy expenditure: five of the seven randomized trials
provided data on the response of either non-exercise physical activity (15,21,56) or 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 a/ (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
expenditure were shown for laboratory-based aerobic exercise conducted on cycle
ergometers/rowers/steppers/treadmills (15,21,55), outdoor walking/running (53), a
combination of resistance and aerobic training (52), and resistance training 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™t week
-1 (15), 5023 and 8372 kJ week™1 (55) or 900 and 1800 kcal week™1 (21).

Exercise intensity. the one randomized trial that compared non-exercise energy expenditure
by level of exercise intensity (40-55% vs. 65-85% VO, peak) found no significant
difference by intensity groups (55). No differences in non-exercise physical activity/energy
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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 expenditure 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/energy expenditure in response to exercise training. However,
studies that have included only men (21,53,54) or women (15) have both shown no change
in non-exercise physical activity/energy expenditure in response to exercise training. Fujita
et al. (52) reported significant increases in total daily energy expenditure in response to
exercise training in women but not in men, providing indirect evidence for decreased non-
exercise energy expenditure in men.

BMI:no randomized trials evaluated the effect of BMI on changes in non-exercise physical
activity/energy expenditure in response to exercise training. No change in non-exercise
physical activity/energy expenditure was reported in trials including normal weight (54),
overweight (21,53) or obese (15,55,56) participants.

Fitness/activity level no randomized trials compared changes in non-exercise physical
activity/energy expenditure by level of baseline fitness or physical activity. Randomized
trials were generally conducted in previously sedentary individuals (15,21,53-56).

Risk of bias: the risk of bias for all randomized trials is presented in Table 5. The description
of the procedures for random sequence generation was unclear in approximately 29% of
randomized trials. Four trials adequately described randomization procedures and were
considered low risk of bias (21,52,55,56), whereas one trial was considered high risk for
randomization bias based on failure to provide any description of the randomization process
(54). No trials described procedures for allocation concealment. Blinding participants and
personnel is not feasible in an exercise trial. Although blinding of personnel performing
outcome assessments is feasible, these procedures were not described in any of the seven
randomized trials. The risk of attrition bias was high in three trials where the study sample
represented only 38.8% (55), 43% (56) and 53.7% (53) of those randomized at baseline.

Discussion

Summary of evidence

We systematically reviewed 31 studies utilizing a variety of designs including cross-
sectional, short-term, non-randomized and randomized trials to address this question: does
increased prescribed exercise alter non-exercise physical activity/energy expenditure in
healthy adults? It has been hypothesized that a reduction in non-exercise energy expenditure
might compensate for the increased energy expenditure of prescribed exercise, resulting in

Clin Obes. Author manuscript; available in PMC 2018 June 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Washburn et al.

Page 15

no change in total daily energy expenditure and no or minimal exercise-induced weight loss
(23). Based on our review of 31 studies utilizing a variety of study designs, we find no
compelling evidence to support this hypothesis. Only five of 31(16%) studies included in
this review reported a significant decrease in non-exercise physical activity assessed by
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 occupational 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
individuals. 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 limitation 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 expenditure 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 expenditure. 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 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
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expenditure 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 accurate 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 ™1 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 expenditure. 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 intensity (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 available 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 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 management 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 information 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
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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
expenditure assessed by doubly labelled water and using measurements 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.
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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 non-exercise[Title/Abstract] OR activities of daily
living[Title/Abstract] OR activity counts[Title/Abstract] OR spontaneous physical
activity[Title/Abstract] OR spontaneous activity[Title/Abstract] OR compensation[Title/
Abstract] OR 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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1,764 - Records identified
through database searches

18 - Records identified through
hand searches

1,524 - Unique
records identified
and screened

I 1,478 - Records excluded

46 Full-text articles
assessed for
eligibility

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

10 — Acute/Short term

10 — Non-randomized trials
7 — Randomized trials

4 — Cross-sectional

31 - Studies included in qualitative synthesis

Figurel.
Flow diagram.
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