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Dose–response effects of aerobic exercise on energy
compensation in postmenopausal women: combined results
from two randomized controlled trials
J McNeil1, DR Brenner1,2,3, KS Courneya4 and CM Friedenreich1,2,3

BACKGROUND/OBJECTIVES: Despite the clear health benefits of exercise, exercised-induced weight loss is often less than
expected. The term ‘exercise energy compensation’ is used to define the amount of weight loss below what is expected for the
amount of exercise energy expenditure. We examined the dose–response effects of exercise volume on energy compensation in
postmenopausal women.
PARTICIPANTS/METHODS: Data from Alberta Physical Activity and Breast Cancer Prevention (ALPHA) and Breast Cancer and
Exercise Trial in Alberta (BETA) were combined for the present analysis. The ALPHA and BETA trials were two-centred, two-armed,
12-month randomized controlled trials. The ALPHA trial included 160 participants randomized to 225 min per week of aerobic
exercise, and the BETA trial randomized 200 participants to each 150 and 300 min per week of aerobic exercise. All participants
were aged 50–74 years, moderately inactive (o90 min per week of exercise), had no previous cancer diagnosis and a body mass
index between 22 and 40 kg m− 2. Energy compensation was based on changes in body composition (dual-energy X-ray
absorptiometry scan) and estimated exercise energy expenditure from completed exercise volume. Associations between Δenergy
intake, ΔVO2peak and Δphysical activity time with energy compensation were assessed.
RESULTS: No differences in energy compensation were noted between interventions. However, there were large inter-individual
differences in energy compensation between participants; 9.4% experienced body composition changes that were greater than
expected based on exercise energy expenditure, 64% experienced some degree of energy compensation and 26.6% experienced
weight gain based on exercise energy expenditure. Increases in VO2peak were associated with reductions in energy compensation
(β=− 3.44 ml kg− 1 min− 1, 95% confidence interval for β=− 4.71 to − 2.17 ml kg− 1 min− 1; P= 0.0001).
CONCLUSIONS: Large inter-individual differences in energy compensation were noted, despite no differences between activity
doses. In addition, increases in VO2peak were associated with lower energy compensation. Future studies are needed to identify
behavioral and metabolic factors that may contribute to this large inter-individual variability in energy compensation.
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INTRODUCTION
Public health agencies recommend at least 150 min per week of
moderate or 75 min per week of vigorous intensity physical
activity for overall health benefits.1–3 Some organizations also
recommend 4300 min per week of physical activity to promote
weight loss and/or avoid weight gain.4–7 The American Institute
for Cancer Research8 has identified regular physical activity
participation as a ‘probable’ factor for decreasing the risk of
postmenopausal breast cancer. A recent pooled analysis of
prospective cohort studies conducted by the National Cancer
Institute cohort consortium also found a decreased risk of many
types of cancers, including breast cancer, with higher leisure-time
physical activity levels.9 More specifically, physical activity
participation may lead to reductions in a number of biomarkers
associated with increased breast cancer risk (for example, obesity
and/or weight gain, sex-steroid and metabolic hormone levels,
and inflammation).10–12

Despite the benefits of physical activity participation for overall
health, exercise-induced weight loss may often be less than
expected for the amount of energy expended from increased
physical activity participation.13–15 The term ‘exercise energy
compensation’ is used to define the amount of weight loss that is
less than expected for the amount of energy expended from
increased exercise participation.13,16 Systematic reviews have
reported that ~ 50–80% less weight loss than that predicted for
the amount of energy expended from exercise occurs as a result
of long-term exercise interventions (⩾6 months).13,17,18 Varying
degrees of inter-individual weight loss in response to the same
prescription of exercise volume were also noted within a number
of exercise intervention trials.16,19–21 A few studies have previously
assessed the degree of energy compensation following different
prescribed doses of exercise and have reported no additional
weight loss with greater exercise volumes.19,20,22 However, these
studies employed short-term exercise interventions (≈12 weeks)22

or reported the degree of energy compensation as a result of
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changes in overall body weight, not body composition.19,20

In addition, no study to date has assessed exercise energy
compensation as a result of individualized energy expenditure
determined from completed exercise sessions rather than pres-
cribed exercise volume, which provides a more accurate assess-
ment of energy compensation that takes into account individual
adherence rates to the prescribed exercise interventions.13

The Alberta Physical Activity and Breast Cancer Prevention
(ALPHA) trial and the Breast Cancer and Exercise Trial in Alberta
(BETA) were primary prevention trials designed to determine the
effects of 12-month exercise interventions on biomarkers
hypothesized to mediate the inverse association between physical
activity and breast cancer risk.23–25 The ALPHA trial randomized
320 postmenopausal women to either a 225 min per week aerobic
exercise intervention or usual care, and the BETA trial randomized
400 postmenopausal women to either 150 or 300 min per week of
aerobic exercise. Previous reports from the ALPHA and BETA trials
indicated that 225 min per week of aerobic exercise versus usual
care, as well as 300 versus 150 min per week of aerobic exercise,
led to greater reductions in total fat mass and other adiposity
measures.23,24 The exercise arms of the ALPHA and BETA trials
were combined in the present paper, with the aim of comparing
the effects of incremental increases in prescribed and completed
exercise volume on exercise energy compensation. We hypothe-
sized that there would be no differences in exercise energy
compensation between the three exercise arms, despite incre-
mental increases in exercise energy expenditure. We also hypo-
thesized that the degree of exercise energy compensation will
vary between participants, and that changes in total energy
intake, VO2peak and/or total physical activity time would be
associated with this large degree of variance in exercise energy
compensation between individuals.

MATERIALS AND METHODS
Setting and participants
The design and methods for the ALPHA and BETA trials are described
elsewhere.23,25,26 Briefly, these trials involved 12-month randomized
controlled exercise interventions conducted in healthy, postmenopausal
women living in Calgary and Edmonton, Alberta, Canada. The study
protocols for both trials were approved by the Alberta Cancer Research
Ethics Committee, the Conjoint Health Research Ethics Board of the
University of Calgary and the Health Research Ethics Board of the
University of Alberta. Written informed consent was obtained from all
participants. Eligibility criteria for both trials included: age 50–74 years,
postmenopausal, no previous cancer diagnosis, moderately inactive
(o90 min per week of exercise or if between 90 and 120 min per week,
having a VO2peako34 ml kg− 1 min− 1 as measured by a submaximal
fitness test), a body mass index between 22 and 40 kg m− 2, non-smoker,
able to do unrestricted physical activity as assessed by physician screening,
and not planning to undertake a weight loss or dietary program.
Participants in the ALPHA trial were randomized to either a 12-month
exercise intervention (225 min per week of moderate-to-vigorous intensity
aerobic exercise) or a usual care (control) group, whereas participants
in the BETA trial were randomized to one of two 12-month exercise
interventions (150 vs 300 min per week of moderate-to-vigorous intensity
aerobic exercise). The exercise arms in the ALPHA and BETA trials were
combined in the present analyses, with the aim of comparing the effects of
incremental increases in exercise prescription and participation on exercise
energy compensation.

Exercise interventions
Participants randomized to the exercise intervention in the ALPHA trial
were asked to take part in at least 45 min of moderate-to-vigorous inten-
sity aerobic exercise (70–80% of heart rate reserve) on 5 days per week for
a total of 225 min/week. Participants in the BETA trial were randomized to
either a moderate (150 min per week) or high (300 min per week) volume
of aerobic exercise intervention. These participants exercised on 5 days per
week at 65–75% of heart rate reserve for either 30 min (moderate
volume group) or 60 min (high volume group). In both trials, the exercise

intervention was supervised by certified exercise trainers at fitness facilities
in Calgary and Edmonton on 3 days per week, and 2 days per week of
exercise were unsupervised and completed at a location chosen by the
participants. Exercise volume in both trials was increased gradually over a
12-week ramp-up period.23,25,26 Heart rate monitors were worn to provide
continuous measurements of heart rate during the exercise trial and to
ensure that the exercise was completed within the prescribed target heart
rate zones. These monitors also provided objective measurements of
exercise time and the type of aerobic exercise that was completed by the
participants (for example, running and rowing). Exercise adherence was
monitored with weekly exercise logs completed by the trainers. The
trainers also recorded all information collected by the heart rate monitors
(exercise time, continuous heart rate, time spent in the pre-determined
heart rate zone and the aerobic activities that were completed) during
supervised and unsupervised exercise sessions into a database that was
maintained at the recreational facilities in Edmonton and Calgary. The
mean heart rate values for each exercise session were used to estimate
mean VO2 during exercise.27 These values, in addition to body weight
assessed at baseline, were used to estimate exercise energy expenditure of
each participant over the 12-month exercise intervention with the
following equation:

Estimated ExEE kcalð Þ ¼ VO2 lkg - 1min - 1� �
´body weight kgð Þ

´ exercise time minð Þ ´ 5 kcal- 1O2
� �

N.B.: ExEE, exercise energy expenditure; VO2, volume of oxygen consump-
tion. The variables in this equation are defined as: VO2 is the volume of
oxygen consumption associated with mean exercise intensity, or heart
rate, measured over the course of the 12-month intervention, body weight
at baseline, as well as total exercise time over the course of the 12-month
intervention. Two different estimations of energy expenditure were
computed based on total exercise time: (1) total exercise time based on
data collected by the heart rate monitors and recorded by the exercise
trainers (used to determine exercise energy compensation based on
completed exercise volume) and (2) total prescribed exercise time (used to
determine exercise energy compensation based on prescribed exercise
volume).

Outcome measures
All outcomes were assessed at baseline and post-intervention in both
trials. Body fat mass and body fat-free mass were assessed with full-body
dual-energy X-ray absorptiometry scans (Hologic Discovery A dual-energy
X-ray absorptiometry system and Hologic QDR software or a GE Healthcare
Lunar Prodigy dual-energy X-ray absorptiometry and GE Healthcare encore
software, Marlborough, MA, USA). Changes in body fat mass and body fat-
free mass following the exercise interventions, combined with exercise
energy expenditure based on prescribed or completed exercise volume
and estimated with the abovementioned equation, were used to
determine exercise energy compensation, the primary outcome of interest
in the present paper. The degree of exercise energy compensation (%) for
each participant was assessed with the following equation13 and used
energy equivalents for body fat mass and body fat-free mass that were
previously described by Hall28 and Thomas et al.:29

ExEC %ð Þ ¼ 100=ExEE kcalð Þð Þ ´ ½ ΔFM kgð Þ ´ 9500 kcal kg - 1� �� �

þ ΔFFM kgð Þ ´ 1020 kcal kg- 1� �� �� þ 100

N.B.: ExEC, exercise energy compensation; ExEE, exercise energy expendi-
ture; FM, fat mass; FFM, fat-free mass. An exercise energy compensation of
0% indicates that the changes in body weight varied perfectly according to
the amount of energy expended from exercise (100% of expected weight
loss). Conversely, an exercise energy compensation of 100% indicates that
there were no changes in body weight, despite increased exercise energy
expenditure. Finally, a negative exercise energy compensation is indicative
of changes in body weight that are greater than that expected for the
amount of energy expended from exercise, whereas an energy compensa-
tion above 100% indicates increases in body weight despite increases in
exercise energy expenditure.30

Changes in certain secondary outcomes that may be associated with the
degree of exercise energy compensation were also included in the present
analyses. These include changes in: estimated VO2peak, as assessed with a
submaximal cardiorespiratory test using a multistage modified Balke
treadmill protocol;31 total energy intake (kcal) assessed with the Canadian
Diet History Questionnaire-II32 and the Diet*Calc Analysis Program (Version
1.4.3; National Cancer Institute Applied Research Program, Bethesda, MD,
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USA); total physical activity time (MET-hours per week) assessed with the
Past Year Total Physical Activity Questionnaire.33 Accelerometers (Acti-
graph GT3X+, Pensacola, FL, USA) were also used to objectively assess total
physical activity time in BETA (62% of all participants included in the
energy compensation analysis and 2/3 randomization groups). Actigraph
Vector Magnitude calculations34 were used to derive total physical activity
time (MET-hours per day) from the accelerometry-measured activity
counts. Changes in these secondary outcomes were determined by
subtracting baseline to post-intervention values.

Covariates and proposed moderators
Standard demographic items included in the present analyses as
covariates were obtained from a self-administered questionnaire at
baseline and have been reported elsewhere.23,25 These include age,
marital status (married or common law vs unmarried), ethnicity (Caucasian
vs other), education (4high school vs ⩽high school) and study site

(Calgary vs Edmonton). Covariates also included baseline fat mass (kg) and
baseline VO2peak (ml kg− 1 min− 1).

Statistical analyses
Sample sizes for the ALPHA and BETA trials were based on the primary
endpoint of adiposity.23,24 For the present analyses, it is estimated that the
sample size of 530 participants with a pre-determined power of 0.80 and a
two-tailed alpha of 0.05 provides an effect size of Cohen’s f=0.14 (medium
effect) to detect differences in energy compensation between three
groups. An analysis of covariance was used to assess the effects of
prescribed exercise volumes (150 vs 225 vs 300 min per week) on
completed (calculated based on reported exercise time by participants in
the weekly exercise logs over 12 months) and prescribed (calculated based
on prescribed exercise time over 12 months) exercise energy compensa-
tion. Differences in baseline covariates between exercise interventions
were compared using an analysis of variance test for continuous variables
and binary logistic regression for comparisons of frequencies for
categorical variables. An intention-to-treat analysis that included all
participants randomized to an exercise intervention in the ALPHA and
BETA trials that had baseline and post-intervention body composition data
regardless of their protocol adherence was used.
As a result of very high inter-individual variances in exercise energy

compensation (prescribed exercise: − 213 to 297%; completed exercise:
− 1206 to 1176%), completed and prescribed exercise energy compensa-
tion data were truncated for participants with values greater or smaller
than 3 s.d. from the mean, and replaced with values at ± 3 s.d.’s from the
mean (prescribed exercise: ± 145%, n=19; completed exercise: 411%,
n= 11). A sensitivity analysis revealed no differences in results when using
truncated values for the identified outliers for our main adjusted analysis
(results with non-truncated values: 76 ± 116 vs 69± 172 vs 73± 125%;
P= 0.97, results with truncated values: 73 ± 91 vs 65 ± 88 vs 70 ± 83%;
P= 0.90). In addition, no significant differences in completed and
prescribed estimates of energy compensation were noted between inter-
ventions (Figure 1), therefore only completed exercise energy expenditure
was used as the primary outcome in subsequent analyses. Effect
modification was assessed with an analysis of variance test, by estimating
the P-values for the multiplicative interaction term between the above-
mentioned covariates and exercise intervention group on the primary
outcome (completed exercise energy compensation). A median split for all
continuous covariates (age, baseline fat mass and baseline VO2peak) was
computed for this analysis. Multivariable linear regression analyses were
used to examine the strength of the associations between changes in self-
reported total energy intake, VO2peak and self-reported total physical
activity time with completed exercise energy compensation. In a sub-
sequent multivariable linear regression analysis, total physical activity time

Figure 1. Differences in (a) prescribed and (b) completed exercise
energy compensation between exercise interventions. Prescribed
exercise energy compensation: F (2, 519)= 1.79; P= 0.17; Completed
exercise energy compensation: F (2, 519)= 0.11; P= 0.90. The values
are presented as means± s.e.m.

Table 1. Baseline covariates for the participants randomized to exercise interventions in the ALPHA and BETA trials (n= 530)

Baseline characteristic 150 min per week
(n= 187)

225 min per week
(n= 151)

300 min per week
(n=192)

Prescribed exercise
group comparison

Study site
Calgary; n (%) 52 (28)a 76 (50)a 51 (27)a χ2 (1)= 0.09; P= 0.77
Edmonton; n (%) 135 (72)a 75 (50)a 141 (73)a

Education category
4High school; n (%) 145 (77)a 107 (71)a 151 (79)a χ2 (1)= 0.09; P= 0.77
⩽High school; n (%) 42 (23)a 43 (29)a 41 (21)a

Ethnic category
Caucasian; n (%) 173 (92)a 135 (89)a 164 (85)b χ2 (1)= 5.03; P= 0.03
Other; n (%) 14 (8)a 15 (11)a 28 (15)a

Marital status
Married, common law; n (%) 129 (69)a 109 (72)a 130 (68)a χ2 (1)= 0.08; P= 0.78
Other; n (%) 58 (31)a 41 (28)a 62 (32)a

Age (years); mean± s.d. 60± 5a 61± 5b 59± 5a F (2, 527)= 6.4; P= 0.002
Baseline fat mass (kg); mean± s.d. 31± 9a 31± 8a 31± 8a F (2, 527)= 0.1; P= 0.91
Baseline maximal oxygen uptake
(ml kg-1 min-1); mean± s.d.

27± 5a 27± 6a 27± 5a F (2, 527)= 0.1; P= 0.89

Note: means± standard deviations not sharing the same letter are significantly different from each other (Po0.05).
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assessed with accelerometry was added to the model instead of self-
reported total physical activity time. A multivariable analysis of covariance
was also used to determine potential differences in Δenergy intake,
ΔVO2peak and Δ self-reported total physical activity time between
completed exercise energy compensation groups (1—exercise energy
compensationo0%, 2—0%oexercise energy compensation⩽ 50%,
3—50%oexercise energy compensation⩽ 100%, 4—exercise energy
compensation4100%). In an exploratory dose–response analysis that
combined the three exercise intervention groups, we conducted a multi-
variable linear regression analysis to assess the strength of the association
between mean completed exercise time (min per week) over the 12-month
intervention with completed exercise energy compensation. A subsequent
sensitivity analysis removing participants with o50 min per week of
completed exercise time was also computed. Statistical analyses were
performed using SPSS (version 19.0; SPSS, Chicago, IL, USA). Statistical
significance was set at Po0.05.

RESULTS
A flow chart of participant inclusion for the ALPHA and BETA trials
is presented elsewhere.23–25 For the present analyses, participants
who were randomized to exercise interventions and had baseline
and post-intervention body composition assessments were
included (total n= 530; n for 150 min per week = 187, n for
225 min per week = 151, n for 300 min per week = 192). There
were no differences in baseline participant characteristics
between groups, except for age and ethnicity (Table 1). No
differences in prescribed and completed exercise energy com-
pensation were noted between exercise interventions after
adjusting for covariates (Figure 1). In addition, there was no
evidence of effect modification in the association between
completed exercise energy compensation and exercise group
assignment by any of the covariates presented in Table 1 (results
not shown).
Figure 2 presents individual data for completed exercise energy

compensation. In all participants, 9.4% experienced body compo-
sition changes that were greater than expected based on
completed exercise energy expenditure, 64% experienced some
degree of energy compensation in response to the exercise
intervention (20.4% and 43.6% had 0–50% and 50.1–100%
exercise energy compensation, respectively, in response to the
amount of energy expended from exercise), and 26.6% of
participants had an exercise energy compensation 4100%,
indicating weight gain based on completed exercise energy
expenditure from the 12-month intervention.
Increases in VO2peak were associated with lower degrees of

completed exercise energy compensation in the adjusted linear
regression model (β=− 3.45 ml kg− 1 min− 1, 95% confidence
interval (CI) for β=− 4.67 to − 2.22 ml kg− 1 min− 1; P= 0.0001).

No significant associations were noted between changes in self-
reported total energy intake (β= 0.01 kcal, 95% CI for β=− 0.01 to
0.02 kcal; P= 0.41) and self-reported total physical activity time
(β=− 0.05 MET-hours per week, 95% CI for β=− 0.18 to 0.07 MET-
hours per week; P= 0.42) with completed exercise energy
compensation. When substituting self-reported for objectively
assessed total physical activity time in the adjusted multivariable
linear regression model, a trend towards an inverse association
between total physical activity time and exercise energy
compensation was observed (β=− 2.38 MET-hours per day,
95% CI for β=− 5.08 to 0.31 MET-hours per day; P= 0.08). In the
between-group analysis adjusted for covariates, a significant main
effect for changes in these outcomes between completed exercise
energy compensation groups was noted (F (10, 476) = 6.1;
P= 0.0001; Wilk’s Λ= 0.89, partial η2 = 0.04). More specifically,
changes in VO2peak were smallest in participants with4100%
completed exercise energy compensation, and highest in
participants with o0% completed exercise energy compensation
(F (3, 476) = 17.9; P= 0.0001; Figure 3). No significant differences in
Δenergy intake and Δself-reported total physical activity time were
noted between completed exercise energy compensation groups
(results not shown).
Our exploratory analysis revealed no significant association

between completed exercise time with completed exercise energy
compensation in the adjusted linear regression model (β=
− 0.09%, 95% CI for β=− 0.19 to 0.02%; P= 0.12). However, the
exclusion of participants with o50 min per week of completed
exercise time (n= 505 participants remaining) did reveal a
significant inverse association between completed exercise time
with completed exercise energy compensation in the adjusted
linear regression model (β=− 0.12%, 95% CI for β=− 0.20 to
− 0.04%; P= 0.004; Figure 4).

DISCUSSION
The primary finding from this paper indicates that there is no
statistically significant difference in prescribed and completed
energy compensation between randomization groups. However,
our exploratory analysis revealed a statistically significant inverse
association between completed exercise time (mean min per
week) and energy compensation when removing participants with
very low mean exercise adherence (o50 min per week) from the
model. These results suggest that exercise energy compensation is
lower when completed exercise volumes are higher, implying that
greater amounts of weight loss may be achieved with greater

Figure 2. Distribution of completed exercise energy compensation
between participants.

Figure 3. Changes in VO2peak between completed exercise energy
compensation groups. The values are presented as means± s.e.m.
Note: Means not sharing the same letter are significantly different
from each other (Po0.05).
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exercise volumes, as previously reported in both the ALPHA24 and
BETA23 trials.
These findings do not corroborate results from previous

exercise trials that have reported no additional weight loss with
greater exercise volumes.19,20,22 Certain participant (for example,
age, sex and initial fat mass) and exercise intervention (for
example, intervention duration and weekly exercise volume)
characteristics have been previously associated with the degree
of exercise energy compensation13,35 and may, in part, explain the
discrepancy between our studies and the literature. Participants of
the ALPHA and BETA trials most closely resemble those recruited
for the DREW trial (that is, overweight, previously inactive
postmenopausal women).20 Differences in the prescribed exercise
volumes (that is, 72–194 min per week over 6 months in the DREW
trial vs 150–300 min per week over 12 months in the ALPHA and
BETA trials) between these trials influenced the degree of exercise
energy compensation calculated based on prescribed exercise
energy expenditure. Greater amounts of weight loss are expected
to occur with greater volumes of prescribed exercise, which results
in higher degrees of exercise energy compensation if not
achieved. In addition, a meta-analysis by Riou et al.13 reported
increased exercise energy compensation with inter-
ventions of longer duration (that is, the span of the entire
intervention), which may also partially explain the greater
proportion of participants with some degree of exercise energy
compensation noted in our research compared to the DREW
trial.20 Last, the use of different equations to estimate exercise
energy compensation (for example, exercise energy expenditure/
7700 kcal kg− 1 of body weight change in the DREW trial20) may
also contribute to discrepancies in findings between studies.
To our knowledge, this paper is the first to compare prescribed

to completed exercise energy compensation. Even though the
results noted between these two methods were identical, the
range of completed exercise time was variable within each
prescribed exercise intervention group (range: ≈10–120% mean
adherence over 12 months), thus implying that completed, rather
than prescribed, exercise volume provides more precise estima-
tions of exercise energy compensation. In addition, our explora-
tory analysis revealed that lower degrees of exercise energy
compensation may be achieved with increased amounts of
completed exercise. However, this was only observed when
excluding participants with o50 min per week of completed
exercise, thus suggesting that non-adherence may have con-
tributed to the null findings initially reported.

Only one other randomized controlled exercise intervention
(13-week exercise intervention in overweight men)22 and a meta-
analysis13 used changes in body composition rather than body
weight to determine inter-individual exercise energy compensa-
tion. The use of body composition to determine energy
compensation is especially beneficial for exercise trials, as many
studies have reported reductions in fat mass coupled with no
changes or increases in fat-free mass following an exercise
intervention compared to control and/or diet interventions.19,35–41

Indeed, King et al.16 reported an increase in fat-free mass in
compensators, whereas non-compensators experienced a
decrease in fat-free mass following a 12-week exercise interven-
tion. The degree of expected weight loss and the determination of
exercise energy compensation may therefore be undermined in
exercise trials as a result of the potential increases or maintenance
of fat-free mass following the intervention.
Despite no differences in completed exercise energy compensation

between exercise groups, we did note a large degree of variance in
exercise energy compensation between participants, which corrobo-
rates our second hypothesis and previous findings.16,19–22,40

These results indicate that the amount of weight loss expected to
result from an identical prescription or completion of exercise volume
is highly variable between participants. There are a multitude of
factors that can contribute to this inter-individual variation in exercise
energy compensation, including increased energy intake, decreased
energy expenditure from activities outside of the prescribed exercise
volume and/or metabolic adaptations to weight loss (for example,
reductions in resting metabolic rate, upregulation of orexigenic
and/or downregulation of anorexigenic peptides).13–15,42,43 However,
recent systematic reviews suggest that changes in both energy
intake and energy expenditure in response to exercise interventions
are conflicting and inconclusive.44,45 More specifically, studies
have reported no significant differences in energy intake,20,22,35,46

despite differences in energy compensation,20,22 between exercise
groups. Conversely, others reported an increase in energy intake in
compensators vs non-compensators.16,47 Similarly, no changes in
energy expenditure across time were noted in some studies,20,22,35,48,49

whereas others reported lower energy expenditure in compensators
vs non-compensators.47,50 Given the large degree of variability in these
behavioral components across time, discrepancies in these results
may be in part explained by the type of measurement tools used
(for example, self-reported questionnaires, in-laboratory test meals,
accelerometry, doubly labeled water), in addition to the frequency of
measurement administration.42

In the present study, we explored the strength of associations
between changes in total energy intake, VO2peak and total physical
activity time with completed exercise energy compensation.
A trend towards an inverse association between objectively assessed
total physical activity time and exercise energy compensation was
noted, suggesting that reductions in total physical activity participation
may be associated with greater degrees of exercise energy
compensation. However, these result should be interpreted with
caution, as objective measurements of total physical activity were only
collected in BETA, which represents 2/3 of the randomized groups or
62% of the total sample included in the present paper. This analysis
may therefore be statistically underpowered to detect any associations
between these variables using an adjusted multivariable linear
regression model. Changes in VO2peak were inversely associated
with exercise energy compensation in the adjusted linear regression
model. These results were confirmed by greater increases in VO2peak

in participants with the lowest vs highest degree of exercise
energy compensation, as well as the inverse association observed
between completed exercise time (mean min per week) and energy
compensation. These novel results suggest that greater increases in
VO2peak, or fitness levels, in response to an exercise intervention are
associated with lower degrees of energy compensation, independently
of baseline covariates including baseline VO2peak. These results may
have important implications for exercise interventions used as weight

Figure 4. Inverse association between completed exercise time (min
per week) and completed exercise energy compensation (%). Note:
participants with a mean completed exercise time o50 min per
week were excluded from this Figure.
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loss trials as improvements in fitness levels may lead to smaller
degrees of exercise energy compensation. Therefore, more emphasis
should be placed on the development of interventions to promote
improvements in health benefits besides weight loss, including
improvements in fitness levels. These results need to be interpreted
with caution, as VO2peak (ml kg−1 min−1) is directly related to body
weight or, more specifically, fat-free mass.51 Although we were unable
to add weight loss as a covariate in the statistical models due to its
high collinearity with exercise energy compensation, it is possible that
the degree of change in VO2peak may be a direct result of the degree
of weight lost.
Strengths of the ALPHA and BETA trials include the implementa-

tion of a mostly supervised 12-month exercise intervention, minimal
loss to follow-up, a large sample size, and the inclusion of objective
measurements of VO2peak and body composition. In addition,
estimations of exercise energy compensation included three exercise
arms from two large trials to illustrate the dose–response effects of
exercise volume on exercise energy compensation. Estimations of
exercise energy compensation were also based on both prescribed
and completed exercise volume, in addition to changes in body
composition rather than body weight. Limitations of our two trials
include the use of a select population (previously inactive, healthy,
postmenopausal women) that limits generalizability of the results to
other populations and the large number of analyses that increases
the chances of false-positive findings. The prescribed heart rate zones
reflect moderate–vigorous intensity physical activity (65–80% of
heart rate reserve); however, the prescribed exercise dose was not
adjusted according to the intensity of the exercise performed to align
with international guidelines (for example, 150 min per week of
moderate intensity vs 75 min per week of vigorous intensity physical
activity). Exercise energy expenditure was not directly measured, but
estimated based on baseline VO2peak, in addition to mean heart rate
and exercise time over the 12-month period. In addition, the use of
self-reported measurements of total energy intake and physical
activity time does not account for day-to-day variability in these
outcomes, and may not properly capture small changes in these
outcomes as a result of the intervention that would contribute to
varying degrees of energy compensation. There are also a number of
behavioral (for example, appetite and food reward) and metabolic
(for example, reductions in resting metabolic rate and changes in (an)
orexigenic peptides) variables42 that were not assessed in these trials
and may directly impact acute and/or long-term energy compensa-
tion responses to exercise. Last, the ALPHA and BETA trials were not
designed to be weight loss interventions or to examine the
effectiveness of exercise interventions in promoting weight loss.
In conclusion, there was no dose–response effect of prescribed

and completed exercise volume on exercise energy compensation.
However, large inter-individual differences in exercise energy
compensation were noted, thus suggesting that weight loss
responses to the same volume of prescribed or completed exercise
is highly variable among individuals. Last, greater changes in VO2peak

were associated with lower degrees of exercise energy compensation.
Future studies are needed to identify the behavioral (for example,
energy intake and physical activity energy expenditure) and meta-
bolic (for example, appetite peptides and resting metabolic rate)
factors that may contribute to this large inter-individual variability in
energy compensation in response to exercise interventions. The
E-mechanic trial,52 a randomized controlled trial designed to evaluate
the degree of energy compensation and its contributing factors
(that is, changes in energy intake, energy expenditure and resting
metabolic rate) following a 6-month exercise intervention in
overweight men and women, is currently underway. Findings from
the E-mechanic and other trials designed to evaluate the causes of
energy compensation will provide the evidence needed to develop
and personalize maximally effective exercise interventions.
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