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Baseline Habitual Physical Activity Predicts Weight Loss, 
Weight Compensation, and Energy Intake During Aerobic 
Exercise
Christoph Höchsmann 1, James L. Dorling 1, John W. Apolzan 1, Neil M. Johannsen 1,2, Daniel S. Hsia 1,  
and Corby K. Martin 1

Objective: This study aimed to determine whether different measures of 
habitual physical activity (PA) at baseline predict weight change, weight 
compensation, and changes in energy intake (EI) during a 24-week super-
vised aerobic exercise intervention.
Methods: Data from 108 participants (78 women; 48.7 [SD: 11.6] years; 
BMI  31.4 [SD: 4.6] kg/m2), randomly assigned to either the moderate-
dose exercise group (8 kcal/kg of body weight per week) or the high-dose 
exercise group (20 kcal/kg of body weight per week) of the Examination of 
Mechanisms of Exercise-induced Weight Compensation (E-MECHANIC) 
trial, were analyzed. Moderate-to-vigorous PA (MVPA), steps per day, and 
PA energy expenditure (PAEE) were measured with SenseWear armbands 
(BodyMedia, Pittsburgh, Pennsylvania), and total activity energy expendi-
ture and EI were estimated with doubly labeled water, all over 2 weeks, 
before and toward the end of the intervention. Multiple linear regression 
models, adjusted for sex, exercise group, and baseline value of the out-
come, were used.
Results: Baseline habitual MVPA levels predicted weight change 
(β = −0.275; P = 0.020), weight compensation (β = −0.238; P = 0.043), and 
change in EI (β = −0.318; P = 0.001). Associations between baseline PAEE 
and outcomes were comparable, whereas steps per day and, importantly, 
total activity energy expenditure (via doubly labeled water) did not signifi-
cantly predict change in weight-related outcomes.
Conclusions: While acknowledging substantial variability in the data,  
on average, lower baseline habitual MVPA and PAEE levels were  
associated with less weight loss from exercise, higher compensation, and 
increased EI.

Obesity (2020) 28, 882-892. 

Introduction
The prevalence of overweight and obesity has grown into a worldwide epidemic in recent 
years (1), and excess body weight substantially increases the risk of adverse health condi-
tions (2). Exercise has been shown to support the prevention and management of obesity 
(3); however, when used for weight loss, exercise interventions consistent with the physical 
activity (PA) guidelines for weight loss and weight  loss maintenance (> 225 min/wk of 
moderate-intensity PA) frequently produce less weight loss than expected based on energy 
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Study Importance

What is already known?

►	Exercise is recommended for weight 
management.

►	Exercise-induced weight loss often is 
less than expected based on measured 
energy expenditure (EE).

►	This is called weight compensation and 
results primarily from increased energy 
intake (EI).

What does this study add?

►	Moderate-to-vigorous physical activ-
ity (MVPA) and physical activity EE 
(PAEE) (≥ 3 metabolic equivalents) lev-
els prior to engaging in a moderate- to 
high-dose aerobic exercise intervention 
predict weight loss, weight compen-
sation, and changes in EI during the 
intervention.

►	Prior MVPA and PAEE have a superior 
predictive value compared with steps 
per day and total activity-related EE, as 
estimated by doubly labeled water, re-
garding these outcomes.

How might these results change the 
direction of research?

►	Further research is needed to under-
stand why participants with lower base-
line habitual MVPA and PAEE levels lose 
less weight from structured exercise, 
show higher weight compensation, and 
increase their EI more than those who 
are more active at baseline to develop 
strategies to mitigate this detrimental 
effect.
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expended in exercise (4-7). This discrepancy is called weight compen-
sation (8), and it  results primarily from exercise-induced increases in 
appetite and energy intake (EI) as opposed to changes in metabolism 
or activity (6,9).

It is unknown whether factors pertaining to one’s lifestyle prior to 
starting an exercise program affect weight compensation and food 
intake (FI). An individual’s habitual PA level at baseline might be 
such a determinant of the observed difference between actual weight 
change and predicted weight loss from the energy balance model. 
As suggested by Westerterp (10), it is possible that a lower habitual 
PA level at baseline allows an exercise-induced increase in energy 
expenditure (EE) without or with less compensatory increase in EI. 
Conversely, and based on previous research indicating that EI and 
energy balance are better regulated at higher levels of activity-re-
lated EE (11,12), lower habitual PA levels at baseline might be asso-
ciated with larger compensatory increases in EI in response to an  
exercise-induced increase in EE (10).

To further elucidate the mechanisms for weight compensation 
in response to exercise, the aim of this analysis was to determine 
whether different measures of habitual PA at baseline predict weight 
change, weight compensation, and changes in EI during a 24-week, 
supervised, controlled aerobic exercise intervention. Specifically, 
we aimed to compare the predictive value of (1) minutes spent in 
moderate-to-vigorous PA (MVPA), (2) steps per day, and (3) EE 
through PA (PAEE), assessed via two validated methods, with regard 
to these outcomes. Based on previous work (11,12), we hypothe-
sized that participants with lower PA levels at baseline would show 
greater weight compensation and larger exercise-induced increases 
in EI. Although PAEE is directly related to the energy balance model 
and a significant association with our outcomes might be expected, 
we aimed to additionally assess the association of MVPA and steps 
per day with our outcomes, as PA recommendations based on these 
parameters are commonly communicated to patients, and a predictive 
value of these parameters would consequently be of interest to many 
clinical and research settings.

Methods
Design and participants
This report is a secondary analysis of the Examination of Mechanisms 
of Exercise-induced Weight Compensation (E-MECHANIC) study 
(Clini calTr ials.gov identifier NCT01264406) that was approved by 
the institutional review board and conducted between November 
2010 and December 2015 at Pennington Biomedical Research Center 
(Baton Rouge, Louisiana). The complete design, methods, and pri-
mary outcomes of the E-MECHANIC study have been previously 
published (6,13). In brief, this 24-week randomized controlled trial 
recruited 198 healthy men and women with overweight or obesity 
(BMI ≥ 25 kg/m2 to ≤ 45 kg/m2) and low levels of PA (≤ 20 minutes of 
structured exercise on ≤ 3 d/wk based on self-report; < 8,000 steps per 
day (14) assessed during 1 week of accelerometer data [SenseWear 
armband; BodyMedia, Pittsburgh, Pennsylvania]). Participants were 
randomly allocated in a 1:1:1 ratio to either a moderate-dose exer-
cise group (8 kcal/kg of body weight per week [KKW]), a high-dose 
exercise group (20 KKW), or a nonexercise control group (13). The 
selected exercise doses reflect recommendations for general health  
(8 KKW) and for weight loss (20 KKW) (15). Exercise intensity 
during the supervised exercise sessions was self-selected between 

65% and 85% peak oxygen uptake, and sessions varied in length to 
meet each participant’s EE goal (16).

Participants were excluded if they were currently participating in 
a weight  loss program (and/or had  ≥ 4-kg weight change in the past  
6 months), were currently pregnant or had been pregnant within the past 
6 months, or were diagnosed with diabetes, cardiovascular disease, or 
arrhythmia. All participants provided written informed consent prior to 
inclusion in the study.

The primary aim of the E-MECHANIC study was to identify mecha-
nisms of exercise-induced weight compensation (i.e., less than expected 
weight loss) by examining the effect of the two different doses of exercise 
training on EI over the 24-week intervention period. The study found 
significantly higher weight compensation in the high-dose exercise group 
compared with the moderate-dose exercise group, which resulted primar-
ily from increased EI and concomitant increases in appetite (6).

In this report, to examine the impact of baseline levels of habitual 
PA on outcome measures during a supervised exercise interven-
tion, only participants allocated to the two exercise groups (n = 110) 
who completed the trial per protocol were included in the main 
analyses. Demographics of those exercisers who did not complete 
the trial (n = 25) did not differ significantly from completers (all  
P values ≥ 0.093).

Outcome variables
Anthropometry and body composition. At baseline and follow-up, 
body weight was assessed under fasting conditions using a Tanita scale 
(Arlington Heights, Illinois), and waist circumference was determined 
using a nonextensible tape measure (Gulick II; Sammons Preston, 
Chicago, Illinois). Dual-energy x-ray absorptiometry (DXA) (Lunar 
iDXA and Encore software version 13.60; GE Healthcare, Madison, 
Wisconsin) was used to assess fat mass.

Weight compensation. Weight compensation is the difference 
between the amount of weight loss predicted from exercise-
associated EE and observed weight loss from baseline to follow-up 
(actual − predicted weight change). Predicted weight loss was calculated 
using a validated dynamic energy balance model that overcomes the 
limitations of the conventional assumption that 1 kg of body weight 
equals 7,700 kcal/kg (7,17,18), accounting for adaptations that occur 
when body mass changes, including adaptations to resting metabolic 
rate (RMR), dietary-induced thermogenesis, and nonexercise activity 
thermogenesis (19).

EI. EI was estimated with doubly labeled water (DLW) and FI tests at 
baseline and follow-up. DLW data were collected over a 2-week period 
at both time points. DLW measures total daily EE (TDEE), which equals 
total daily EI during weight stability (20,21). The DLW period at baseline 
occurred before participants began exercising. During the DLW period 
at follow-up, participants exercised at their prescribed dose. During both 
DLW periods, participants were weight stable (≤ 0.15-kg change in weight 
during the 2-week period). Change in EI by DLW was calculated with 
and without adjusting for change in RMR. For participants who were 
weight stable or who gained weight during the 6-month trial, follow-up 
TDEE was subtracted from baseline TDEE to quantify the change in EI, 
as any changes in RMR from weight gain are reflected in the TDEE value 
from DLW. For participants who lost weight during the intervention, this 
calculation fails to consider decreased basal metabolic requirements; 
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therefore, the difference between RMR from baseline to follow-up was 
added to the difference in TDEE for these participants to quantify the 
change in EI during the intervention period.

In addition, at baseline and follow-up, validated laboratory-based FI 
tests were conducted at lunch and dinner. Following a standard breakfast 
between 0700 and 0800 consisting of a 190-kcal nutrition bar, participants 
returned to the center between 1100 and 1200 to complete their test lunch, 
which consisted of ad libitum sandwiches, potato chips, cookies, water, 
and choice of an artificially-sweetened soda or tea or sugar-sweetened 
soda or tea. At 5.5 hours after the start of their lunch, participants returned 
to the center again to complete their dinner meal, which consisted of a 
previously described 18-food-item buffet meal (22), presented to the par-
ticipants all at once within arm’s reach. At both test meals, participants 
were instructed to eat as much or as little of the presented food items as 
desired and to avoid distractions (e.g., mobile phone use), focusing com-
pletely on the meal. FI testing at follow-up occurred at least 24 hours after 
the last exercise session. We quantified FI at lunch and dinner by covertly 
weighing food provision and waste and combined EI (kilocalories) from 
both meals for the analyses presented in this paper.

RMR. We measured RMR with indirect calorimetry over 30 minutes 
after a 12-hour overnight fast with Max-II metabolic carts (AEI 
Technologies, Pittsburgh, Pennsylvania) at baseline and follow-up. The 
change in RMR was calculated as RMR at follow-up minus RMR at 
baseline. Calculations adjusted for change in body composition (i.e., lean 
mass measured with DXA), sex, and age did not differ meaningfully from 
the basic change scores; hence, the basic change scores are reported.

PA. SenseWear armbands measured the minutes per day spent in 
activities of different intensities, steps per day, and PAEE during a 
2-week period at baseline and follow-up. In the MVPA-related analyses 
presented in this paper, only activities ≥ 3 metabolic equivalents (MET) 
are included (3), and, congruent with the most recent Physical Activity 
Gudelines for Americans (23), all MVPA was considered rather than 
only that accumulated in bouts of at least 10 minutes as recommended 
previously. The SenseWear software classifies any activity  ≤ 3 MET 
as sedentary; hence, PAEE included only  activities  ≥ 3 MET (24). 
Participants were instructed to wear the armbands continuously and to 
take them off only  during activities involving water. The SenseWear 
armbands detect and record wear time, and only full days of data, 
defined as a wear time of ≥ 95% (equating to 22 hours and 48 minutes or 
1,368 minutes), were included in the analyses. During the monitoring 
period at follow-up, participants exercised at their prescribed dose; 
therefore, PA data collected by the SenseWear armbands during these 
sessions were removed before analysis. To account for differing wear 
times between participants caused by varying durations of the exercise 
sessions and different nonwear times within the time frame of 22 hours 
and 48 minutes, the total number of minutes of daily activity was 
divided by the total daily wear time (minutes) and then extrapolated out 
to a 24-hour day.

In addition to the PAEE estimates by the SenseWear armband, we 
calculated the gold standard of activity EE (AEE) based on the DLW-
estimated TDEE (DLW-AEE = TDEE − [RMR + thermic effect of food]),  
which captures all PA-related EE. The thermic effect of food was esti-
mated as 10% of TDEE.

Questionnaires. Retrospective visual analog scales assessed average 
ratings of appetite during the previous week (25) at baseline and follow-
up. The Eating Inventory (26) was used to assess eating behavior, 

specifically restraint, disinhibition, and hunger at baseline and follow-
up. Additional questionnaires included the Multifactorial Assessment 
of Eating Disorders Symptoms (27), Food Preference Questionnaire 
(28), and Food Craving Inventory (29).

Statistical analyses
The distribution of variables was verified using the Shapiro-Wilk 
test and by visual inspection of histograms and quantile-quantile 
plots of the residuals. The influence of outliers was estimated using 
studentized residuals, and multicollinearity was assessed via the 
variance inflation factor. Exclusion of outliers (≤ 2 for all models) 
did not change the results meaningfully; therefore, the models in-
cluding outliers are reported. Descriptive data are reported as mean 
and SD. We used multiple linear regression models to estimate the  
effect of SenseWear-assessed habitual MVPA levels (minutes per 
day), steps per day, PAEE, and DLW-estimated AEE at baseline on 
weight change (kilograms) and weight compensation (kilograms), as 
well as on changes in waist circumference (centimeters), fat mass 
(kilograms), EI (by DLW in kilocalories per day), EI during FI test-
ing (kilocalories at a test lunch and test dinner combined), RMR  
(kilocalories per day), and habitual MVPA levels (minutes per day), 
steps per day, and PAEE  (kilocalories per day). Covariates in the 
models were sex, exercise group, and baseline value of the respective 
outcome. Results of analyses that included age, ethnicity, and base-
line BMI did not differ meaningfully; therefore, the models without 
these additional covariates are reported. Similarly, interaction terms 
for sex and exercise group were nonsignificant; therefore, results are 
reported without the interaction terms in the models. Pearson prod-
uct moment correlation analysis was used to assess the association 
between habitual MVPA levels and questionnaire-assessed eating 
behaviors at baseline. The analyses were conducted using SPSS 
Statistics for Windows, version 25 (IBM Corp., Armonk, New York), 
with the significance level set to 0.05 (two-sided).

Results
Two participants were excluded from the analyses because they did 
not provide baseline accelerometer data. Baseline characteristics of 
all included 108 participants are shown in Table 1. Baseline charac-
teristics of the control group (not included in main analyses) are pro-
vided in Supporting Information Table S1. At baseline, average wear 
time of the armbands was 1,415.2 min/d (SD: 9.1 min/d), equating 
to 98.3% (SD: 0.6%); at follow-up, average wear time (excluding 
study-related exercise sessions) was 1,393.1 min/d (SD: 31.7 min/d) 
or 97.8% (SD: 2.1%). Baseline habitual MVPA was 61.2 min/d  
(SD: 46.9 min/d) on average, with an average intensity of 3.7 
MET (SD: 0.2 MET) and 99.2% (SD: 0.2%) of all MVPA below  
6 MET. Total habitual PA, measured as steps per day, was 6,300 
(SD: 2,301) at baseline. Total duration and intensity of daily habit-
ual MVPA, habitual steps per day, and habitual PAEE (all outside of 
the structured exercise sessions) did not change significantly from 
baseline to follow-up (all P values ≥ 0.094). Average self-chosen  
exercise intensity during the intervention was 6.9 MET (SD: 1.0 MET),  
with no significant difference between the 20-KKW group and the 
8-KKW group (P = 0.074). This average exercise intensity corre-
sponds to vigorous PA (3).

Table 2 and Figure 1 (MVPA), Table 3 (steps per day), Table 4 
(SenseWear PAEE), and Table 5 (DLW-estimated AEE) show the results 
of the multiple linear regression analyses. We found significant negative 
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associations between baseline habitual MVPA levels and weight change 
(P = 0.020; Figure 1A), weight compensation (P = 0.043; Figure 1B), 
and change in DLW-estimated EI both with (P = 0.001; Figure 1C) and 
without (P = 0.001; not shown in Figure 1) adjustment for change in 
RMR. The analyses further showed significant negative associations 
between baseline habitual MVPA levels and changes in waist circum-
ference (P = 0.030), fat mass (P = 0.025), and habitual MVPA levels 
(P < 0.001; Figure 1D). Although there is substantial variability in 
the data (Figure 1), these results suggest that, on average, for every  
15-minute decrease in habitual MVPA per day at baseline, participants 
lost 0.23 kg less weight, compensated 0.20 kg more, and increased 
DLW-estimated daily EI from baseline to follow-up by 21.5 kcal/d 
(adjusted for RMR of 23.2 kcal/d).

Compared with women, men lost 1.9 kg less weight, compensated  
1.8 kg more, and increased DLW-estimated EI by 182.4 kcal/d 
(adjusted for RMR of 171.6 kcal/d) (Table 2). Further, compared 
with participants in the 8-KKW group, participants in the 20-KKW 
group lost 1.4 kg more weight but showed 1-kg-higher weight com-
pensation (Table 2).

Baseline levels of habitual MVPA were significantly correlated 
with the disinhibition subscale of the Eating Inventory (r = −0.229; 
P = 0.018) and with the binge eating subscale of the Multifactorial 
Assessment of Eating Disorders Symptoms (r = −0.230; P = 0.018). 
No other correlations between baseline levels of habitual MVPA and 
eating behavior–related constructs, as assessed by questionnaires, 
were significant.

Baseline PA levels measured as steps per day significantly predicted 
change in steps per day (β = −0.382; P < 0.001); however, no associa-
tions between steps per day at baseline and change in any other of the 
outcome variables were significant (Table 3). Associations between 
average intensity (MET) of baseline habitual MVPA and all outcomes 
were nonsignificant (all P > 0.1, data not shown).

Associations between baseline habitual PAEE and outcomes 
were similar to those of baseline habitual MVPA, albeit slightly 
attenuated, as indicated by the regression coefficients (Table 4). 
DLW-estimated AEE only significantly predicted change in DLW-
estimated EI (Table 5); all other associations were nonsignificant (all 
P values ≥ 0.709).

As described above, habitual MVPA, steps per day, and PAEE (all out-
side of structured exercise sessions) did not change significantly from 
baseline to follow-up on a group level. However, on an individual level, 
baseline habitual MVPA (Table 2, Figure 1D), steps per day (Table 3), 
and PAEE (Table 4) were significantly inversely associated with change 
in the respective measure.

Supporting Information Tables S2-S5 show the results of the multiple 
linear regression analyses for the control group. For habitual MVPA 
(Supporting Information Table S2), steps per day (Supporting Information 
Table S3), and PAEE (Supporting Information Table S4), only change in 
each PA measure was significantly associated with the respective baseline 
value. A Fisher r-to-z transformation revealed that the correlation coeffi-
cients for habitual MVPA did not differ between exercisers and the control 

TABLE 1 Baseline characteristics of 108 included participants

  All (N = 108) 8 KKW (n = 57) 20 KKW (n = 51)

Female, n (%) 78 (72.2) 42 (73.7) 36 (70.6)
Ethnicity, n (%)      

Caucasian 74 (68.5) 37 (64.9) 37 (72.5)
African American 32 (29.6) 20 (35.1) 12 (23.5)
Hispanic/other 2 (1.9) 0 (0.0) 2 (4.0)

Age (y) 48.7 (11.6) 48.3 (11.0) 49.1 (12.4)
Height (cm) 167.1 (8.2) 167.2 (8.7) 167.0 (7.6)
Weight (kg) 87.8 (15.5) 89.0 (16.0) 86.5 (15.1)
Waist circumference (cm) 97.8 (12.0)a 98.7 (12.1)b 97.0 (11.9)
BMI (kg/m2) 31.4 (4.6) 31.8 (4.6) 30.9 (4.5)
Fat mass (kg) 36.8 (9.8) 37.3 (9.7) 36.2 (9.9)
EI, DLW (kcal/d) 2,497.7 (462.5) 2,530.1 (438.8) 2,461.5 (489.4)
EI, buffet (kcal at lunch and dinner combined) 1,795.5 (550.7) 1,820.1 (489.7) 1,768.1 (615.7)
RMR (kcal/d) 1,529.1 (297.1)a 1,525.8 (261.2) 1,532.8 (334.7)
MVPA (min/d) 61.2 (46.9) 63.9 (49.5) 58.2 (44.0)
Average intensity of MVPA (MET) 3.7 (0.2) 3.8 (0.2) 3.7 (0.2)
Steps per day 6,300 (2,301) 6,576 (2,613) 5,992 (1,870)
PAEE, SenseWear (kcal/d) 336.7 (257.8) 349.1 (257.6) 322.9 (259.8)
AEE, DLW (kcal/d) 717.5 (216.6)a 749.3 (201.3)b 682.6 (229.2)

Data are mean (SD) if not stated otherwise. ANOVA (continuous variables) and χ2 test (categorical variables) used to test for baseline differences between two groups. The 
8-KKW and 20-KKW groups did not differ significantly in any baseline measures presented in table.
aData available in 107 of 108 participants.
bData available in 56 of 57 participants.
AEE, activity energy expenditure; DLW, doubly labeled water; EI, energy intake; KKW, kcal/kg of body weight/wk; MET, metabolic equivalent; MVPA, moderate-to-vigorous 
physical activity; PAEE, physical AEE; RMR, resting metabolic rate.
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TABLE 2 Multiple linear regression analysis for association between baseline habitual MVPA levels and changes in body weight, 
fat mass, EI, and MVPA levels

  R2 B SE β P

Weight change (kg) 0.124        
Habitual MVPA at baseline (min/d)   −0.015 0.006 −0.275 0.020

Weight at baseline (kg)   −0.033 0.019 −0.197 0.095
Sexa   1.880 0.716 0.328 0.010
Groupb   −1.442 0.483 −0.280 0.004

Waist circumference change (cm) 0.074        
Habitual MVPA at baseline (min/d)   −0.019 0.009 −0.267 0.030

Waist circumference at baseline (cm)   −0.034 0.034 −0.122 0.317
Sexa   1.357 0.947 0.185 0.155
Groupb   −1.325 0.638 −0.201 0.040

Weight compensation (kg) 0.127        
Habitual MVPA at baseline (min/d)   −0.013 0.006 −0.238 0.043

Weight at baseline (kg)   −0.011 0.020 −0.064 0.585
Sexa   1.826 0.723 0.315 0.013
Groupb   1.049 0.488 0.201 0.034

Fat mass change (kg) 0.153        
Habitual MVPA at baseline (min/d)   −0.014 0.006 −0.257 0.025

Fat mass at baseline (kg)   −0.070 0.027 −0.271 0.011
Sexa   1.173 0.562 0.209 0.039
Groupb   −1.478 0.462 −0.293 0.002

Change in EI, DLW (kcal/d) 0.220        
Habitual MVPA at baseline (min/d)   −1.546 0.442 −0.336 0.001

EI, DLW at baseline (kcal/d)   −0.206 0.054 −0.443 < 0.001
Sexa   182.400 57.888 0.381 0.002
Groupb   −11.680 37.824 −0.027 0.758

Change in EI, adjusted DLW kcal/d)c 0.205        
Habitual MVPA at baseline (min/d)   −1.436 0.438 −0.318 0.001

EI, DLW at baseline (kcal/d)   −0.195 0.054 −0.427 < 0.001
Sexa   171.594 57.370 0.365 0.003
Groupb   3.388 37.486 0.008 0.928

Change EI, buffet (kcal at lunch and dinner combined) 0.158        
Habitual MVPA at baseline (min/d)   −0.938 0.951 −0.098 0.326

EI, buffet at baseline (kcal at lunch and dinner combined)   −0.287 0.077 −0.354 < 0.001
Sexa   319.655 102.282 0.322 0.002
Groupb   21.191 80.993 0.024 0.794

Change in RMR, indirect calorimetry (kcal/d) 0.067        
Habitual MVPA at baseline (min/d)   0.210 0.641 0.036 0.744

RMR at baseline (kcal/d)   −0.160 0.109 −0.195 0.146
Sexa   −44.702 77.817 −0.081 0.567
Groupb   41.109 50.933 0.083 0.422

Change in habitual MVPA (min/d) 0.223        
Habitual MVPA at baseline (min/d)   −0.274 0.058 −0.450 < 0.001

Sexa   −2.425 5.996 −0.039 0.687
Groupb   7.963 4.992 0.141 0.114

Bold font indicates statistical significance (P < 0.05). Independent variable in all models: habitual MVPA levels (min/d) at baseline.
aFemale = 0, male = 1.
b8 kcal/kg of body weight per week = 0, 20 kcal/kg of body weight per week = 1.
cAdjusted for change in RMR.
DLW, doubly labeled water; EI, energy intake; MVPA, moderate-to-vigorous physical activity; RMR, resting metabolic rate.
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group (data not shown). For habitual PAEE, the difference between exer-
cisers and control participants was significant, with a markedly more pro-
nounced association for the control participants.

Discussion
To our knowledge, this is the first study to determine and compare 
the effect of prior habitual MVPA, steps per day, and PAEE on 
changes in weight, EI, RMR, and MVPA, steps per day, and PAEE in 
response to a moderate- to high-dose aerobic exercise intervention. 
The results show that, on average, lower levels of habitual MVPA 
and/or PAEE at baseline are related to less weight loss and greater 
weight compensation during the exercise intervention, supporting 
our hypothesis. Importantly, lower levels of habitual MVPA and/or 
PAEE at baseline were also associated with greater increases in EI, 
which likely contributed to the lower weight compensation in those 
with higher baseline levels of habitual MVPA and/or PAEE, partic-
ularly because changes in RMR were not associated with baseline 
habitual MVPA and/or PAEE levels. Interestingly, we found substan-
tial heterogeneity in the weight  loss/compensation response, which 
likely influenced the results of the regression analysis. Although 
many participants across all baseline MVPA levels successfully lost 
weight during the intervention, some participants with low MVPA at 

baseline actually gained weight, whereas no one with higher baseline 
MVPA gained weight.

In line with previous findings (30,31), participants with lower 
habitual MVPA levels showed higher tendencies for disinhibition 
and binge eating at baseline, factors that may have influenced the 
greater increases in EI and subsequent greater weight compensation 
in response to the exercise intervention. This assumption is supported 
by previous findings showing that individuals with lower levels of 
measured MVPA have weaker appetite control and satiety response 
to food and thus have an impaired regulation of energy balance com-
pared with their more active counterparts (32-34). Consequently, in 
our study, participants with lower levels of habitual MVPA and/or 
PAEE at baseline may have had a more impaired regulation of energy 
balance than those with higher levels of habitual MVPA and/or PAEE, 
and this became particularly apparent with the onset of the exercise 
intervention. Although participants were weight stable during the 
2-week baseline accelerometer assessment, suggesting an adequately 
regulated energy balance during that period, the exercise intervention 
and, subsequently, the substantial increase in daily EE disrupted this 
balance. This disruption may have revealed the potentially impaired 
energy balance regulation in participants with lower baseline levels 
of habitual MVPA and/or PAEE, as the intervention-related increases 
in MVPA and/or PAEE (i.e., structured exercise sessions) were 

Figure 1 Association between habitual moderate-to-vigorous physical activity (MVPA) at baseline and change in (A) 
body weight, (B) weight compensation, (C) change in doubly labeled water (DLW)-measured energy intake, adjusted 
for change in resting metabolic rate, and (D) change in MVPA. Regression line (solid line) in each panel represents 
the relationship for the fully adjusted model with 95% confidence intervals (dotted lines). [Color figure can be viewed 
at wileyonlinelibrary.com]
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TABLE 3 Multiple linear regression analysis for association between habitual steps per day at baseline and changes in body 
weight, fat mass, EI, and steps per day

  R2 B SE β P

Weight change (kg) 0.091        
Habitual PA at baseline (steps/d)   −0.0001 0.0001 −0.1233 0.211

Weight at baseline (kg)   −0.0156 0.0177 −0.0945 0.379
Sexa   1.0394 0.6043 0.1812 0.088
Groupb   −1.3705 0.4924 −0.2664 0.006

Waist circumference change (cm) 0.075        
Habitual PA at baseline (steps/d)   −0.0001 0.0001 −0.2324 0.057

Waist circumference at baseline (cm)   −0.0223 0.0311 −0.0807 0.476
Sexa   0.5600 0.7905 0.0763 0.480
Groupb   −1.3730 0.6409 −0.2082 0.035

Weight compensation (kg) 0.098        
Habitual PA at baseline (steps/d)   −0.0001 0.0001 −0.0818 0.404

Weight at baseline (kg)   0.0052 0.0179 0.0310 0.772
Sexa   1.0611 0.6094 0.1828 0.085
Groupb   1.1322 0.4965 0.2174 0.025

Fat mass change (kg) 0.124        
Habitual PA at baseline (steps/d)   −0.0001 0.0001 −0.1223 0.212

Fat mass at baseline (kg)   −0.0505 0.0252 −0.1954 0.048
Sexa   0.6968 0.5256 0.1238 0.188
Groupb   −1.4435 0.4715 −0.2860 0.003

Change in EI, DLW (kcal/d) 0.147        
Habitual PA at baseline (steps/d)   −0.0138 0.0089 −0.1475 0.128

EI, DLW at baseline (kcal/d)   −0.1923 0.0589 −0.4127 0.001
Sexa   112.1006 58.4187 0.2340 0.058
Groupb   −7.8955 39.6422 −0.0183 0.843

Change in EI, adjusted DLW kcal/d)c 0.140        
Habitual PA at baseline (steps/d)   −0.0128 0.0088 −0.1397 0.150

EI, DLW at baseline (kcal/d)   −0.1823 0.0580 −0.3985 0.002
Sexa   106.2766 57.5923 0.2260 0.068
Groupb   6.8974 39.0800 0.0163 0.860

Change EI, buffet (kcal at lunch and dinner combined) 0.173        
Habitual PA at baseline (steps/d)   −0.0298 0.0177 −0.1537 0.095

EI, buffet at baseline (kcal at lunch and dinner combined)   −0.2771 0.0769 −0.3416 < 0.001
Sexa   288.0988 93.6300 0.2901 0.003
Groupb   10.5387 80.6567 0.0118 0.896

Change in RMR, indirect calorimetry (kcal/d) 0.066        
Habitual PA at baseline (steps/d)   −0.0006 0.0109 −0.0057 0.956

RMR at baseline (kcal/d)   −0.1629 0.1086 −0.1984 0.137
Sexa   −35.6318 72.7619 −0.0647 0.626
Groupb   38.1756 51.0429 0.0774 0.456

Change in habitual PA (steps/d) 0.173        
Habitual PA at baseline (steps/d)   −0.3591 0.0870 −0.3823 < 0.001

Sexa   74.8373 438.7446 0.0156 0.865
Groupb   500.2422 399.3502 0.1159 0.213

Bold font indicates statistical significance (P < 0.05). Independent variable in all models: habitual PA levels (steps/d) at baseline.
aFemale = 0, male = 1.
b8 kcal/kg of body weight per week = 0, 20 kcal/kg of body weight per week = 1.
cAdjusted for change in RMR.
DLW, doubly labeled water; EI, energy intake; PA, physical activity; RMR, resting metabolic rate.
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TABLE 4 Multiple linear regression analysis for association between baseline habitual PAEE as assessed by SenseWear 
armband and changes in body weight, fat mass, EI, and SenseWear-assessed PAEE

  R2 B SE β P

Weight change (kg) 0.121        
Habitual PAEE at baseline (kcal/d)   −0.003 0.001 −0.260 0.024

Weight at baseline (kg)   −0.023 0.018 −0.136 0.208
Sexa   1.856 0.718 0.324 0.011
Groupb   −1.400 0.481 −0.272 0.004

Waist circumference change (cm) 0.059        
Habitual PAEE at baseline (kcal/d)   −0.003 0.002 −0.220 0.074

Waist circumference at baseline (cm)   −0.019 0.032 −0.068 0.553
Sexa   1.222 0.980 0.167 0.215
Groupb   −1.265 0.641 −0.192 0.051

Weight compensation (kg) 0.121        
Habitual PAEE at baseline (kcal/d)   −0.002 0.001 −0.212 0.065

Weight at baseline (kg)   −0.001 0.018 −0.008 0.944
Sexa   1.756 0.727 0.303 0.017
Groupb   1.093 0.487 0.210 0.027

Fat mass change (kg) 0.156        
Habitual PAEE at baseline (kcal/d)   −0.003 0.001 −0.261 0.021

Fat mass at baseline (kg)   −0.059 0.025 −0.230 0.019
Sexa   1.376 0.597 0.245 0.023
Groupb   −1.462 0.460 −0.290 0.002

Change in EI, DLW (kcal/d) 0.228        
Habitual PAEE at baseline (kcal/d)   −0.322 0.088 −0.385 < 0.001

EI, DLW at baseline (kcal/d)   −0.169 0.055 −0.362 0.003
Sexa   186.132 57.668 0.389 0.002
Groupb   −8.899 37.567 −0.021 0.813

Change in EI, adjusted DLW kcal/d)c 0.212        
Habitual PAEE at baseline (kcal/d)   −0.298 0.087 −0.363 0.001

EI, DLW at baseline (kcal/d)   −0.160 0.055 −0.351 0.004
Sexa   174.869 57.211 0.372 0.003
Groupb   5.993 37.269 0.014 0.873

Change EI, buffet (kcal at lunch and dinner combined) 0.164        
Habitual PAEE at baseline (kcal/d)   −0.246 0.184 −0.142 0.184

EI, buffet at baseline (kcal at lunch and dinner combined)   −0.284 0.077 −0.350 < 0.001
Sexa   351.316 107.794 0.354 0.002
Groupb   19.233 80.663 0.022 0.812

Change in RMR, indirect calorimetry (kcal/d) 0.066        
Habitual PAEE at baseline (kcal/d)   −0.025 0.127 −0.023 0.846

RMR at baseline (kcal/d)   −0.163 0.108 −0.198 0.136
Sexa   −29.457 79.345 −0.053 0.711
Groupb   37.075 51.013 0.075 0.469

Change in habitual PAEE (kcal/d) 0.289        
Habitual PAEE at baseline (kcal/d)   −0.400 0.069 −0.564 < 0.001

Sexa   52.423 38.970 0.131 0.182
Groupb   43.443 30.461 0.121 0.157

Bold font indicates statistical significance (P < 0.05). Independent variable in all models: habitual PAEE (kcal/d) at baseline as assessed by SenseWear armband.
aFemale = 0, male = 1.
b8 kcal/kg of body weight per week = 0, 20 kcal/kg of body weight per week = 1.
cAdjusted for change in RMR.
DLW, doubly labeled water; EI, energy intake; PAEE, physical activity energy expenditure; RMR, resting metabolic rate.
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met by increases in EI, leading to the observed weight compensa-
tion. Participants with higher MVPA and/or PAEE levels at baseline 
might have already experienced this compensatory effort before the 

start of the intervention, explaining, at least partially, the observed 
results. In addition to being driven by homeostatic mechanisms such 
as the aforementioned changes in appetite and satiety, the observed 

TABLE 5 Multiple linear regression analysis for association between baseline habitual AEE as assessed by DLW and changes in 
body weight, fat mass, and EI

  R2 B SE β P

Weight change (kg) 0.076        
Habitual AEE at baseline (kcal/d)   −0.001 0.001 −0.041 0.709

Weight at baseline (kg)   −0.009 0.018 −0.053 0.630
Sexa   1.009 0.620 0.177 0.107
Groupb   −1.250 0.496 −0.244 0.013

Waist circumference change (cm) 0.027        
Habitual AEE at baseline (kcal/d)   0.001 0.002 0.035 0.749

Waist circumference at baseline (cm)   0.003 0.030 0.012 0.911
Sexa   0.098 0.829 0.014 0.906
Groupb   −0.999 0.654 −0.153 0.130

Weight compensation (kg) 0.098        
Habitual AEE at baseline (kcal/d)   −0.001 0.001 −0.013 0.906

Weight at baseline (kg)   0.009 0.018 0.053 0.626
Sexa   1.031 0.624 0.178 0.101
Groupb   1.237 0.499 0.237 0.015

Fat mass change (kg) 0.109        
Habitual AEE at baseline (kcal/d)   −0.001 0.001 −0.019 0.854

Fat mass at baseline (kg)   −0.040 0.025 −0.155 0.111
Sexa   0.749 0.583 0.134 0.202
Groupb   −1.324 0.479 −0.263 0.007

Change in EI, DLW (kcal/d) 0.171        
Habitual AEE at baseline (kcal/d)   −0.317 0.137 −0.317 0.023

EI, DLW at baseline (kcal/d)   −0.095 0.078 −0.204 0.223
Sexa   99.726 58.661 0.208 0.092
Groupb   −13.740 39.562 −0.032 0.729

Change in EI, adjusted DLW kcal/d)c 0.167        
Habitual AEE at baseline (kcal/d)   −0.320 0.135 −0.326 0.020

EI, DLW at baseline (kcal/d)   −0.082 0.076 −0.179 0.287
Sexa   92.237 57.688 0.196 0.113
Groupb   0.181 38.906 0.001 0.996

Change in EI, buffet (kcal at lunch and dinner combined) 0.149        
Habitual AEE at baseline (kcal/d)   0.070 0.210 0.034 0.741

EI, buffet at baseline (kcal at lunch and dinner combined)   −0.295 0.079 −0.366 < 0.001
Sexa   264.367 101.080 0.267 0.010
Groupb   25.578 82.706 0.029 0.758

Change in RMR, indirect calorimetry (kcal/d) 0.067        
Habitual AEE at baseline (kcal/d)   0.043 0.128 0.038 0.736

RMR at baseline (kcal/d)   −0.165 0.108 −0.201 0.132
Sexa   −42.818 75.767 −0.078 0.573
Groupb   42.681 51.771 0.087 0.412

Bold font indicates statistical significance (P < 0.05). Independent variable in all models: habitual AEE (kcal/d) at baseline as assessed by DLW (total daily energy expendi-
ture − [RMR + thermic effect of eating]) Thermic effect of food estimated as 10% of total daily energy expenditure.
aFemale = 0, male = 1.
b8 kcal/kg of body weight per week = 0, 20 kcal/kg of body weight per week = 1.
cAdjusted for change in RMR.
AEE, activity energy expenditure; DLW, doubly labeled water; EI, energy intake; RMR, resting metabolic rate.
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increases in EI may also be related to hedonic processes such as food 
reward behaviors (35).

It is noteworthy that although habitual MVPA and/or PAEE levels did 
not change on a group level, on an individual level, these parameters 
were significantly inversely associated with change in the respective 
measure, indicating the substitution of habitual PA with prescribed 
PA (i.e., structured exercise session) in some participants (36,37). As 
shown by the results of a Fisher r-to-z transformation, however, the 
correlation coefficients for habitual MVPA did not differ between 
exercisers and the control group, suggesting that any decrease in 
MVPA in the exercisers was likely not caused by the structured exer-
cise sessions but instead  ocurred more likely because of regression to 
the mean. For habitual PAEE, the difference between exercisers and 
control participants was significant, with a substantially more pro-
nounced association for the control participants, suggesting that the 
structured exercise sessions actually protected against decreases in 
habitual PAEE. It is further noteworthy that participants with greater 
prior habitual MVPA and/or PAEE remained more active compared 
with those with lower levels (B = −0.274 [MVPA] and B = −0.400 
[PAEE]). Therefore, considering the magnitude of the change in 
habitual MVPA and/or PAEE levels and, more importantly, the oppo-
site directionality compared with weight change, it is unlikely that 
the decrease in habitual MVPA and/or PAEE affected participants’ 
weight compensation. Rather, higher absolute levels of MVPA and/or 
PAEE at follow-up, along with the reduced increase in EI during the 
intervention, contributed to the lower weight compensation in those 
who were more active at baseline.

The identification of baseline habitual MVPA and/or PAEE levels as 
predictors of weight loss, weight compensation, and changes in EI in 
this study may have important ramifications for future exercise interven-
tions targeting weight loss. Less  than expected weight loss from exer-
cise likely leads to frustration and possibly causes discontinuation of the 
newly started exercise regimen because of the perceived lack of benefit. 
Assessing prior habitual PA levels may help determine when the exercise 
prescription should be combined with a concomitant lifestyle, dietary, 
or possibly pharmacological intervention to counteract weight compen-
sation and increase the weight loss intervention–related health benefits.

Although habitual MVPA and PAEE predicted our outcomes quite 
comparably, daily step counts at baseline did not have the same predic-
tive value with regard to weight loss, weight compensation, or EI during 
the intervention as habitual MVPA and/or PAEE. The better predictive 
value of PAEE compared with steps per day was expected because of 
the fact that PAEE is directly related to the energy balance model. The 
better predictive value of habitual MVPA compared with steps per day 
is likely because of the fact that MVPA includes an intensity compo-
nent, whereas steps per day does not. Therefore, to identify individuals 
with a higher risk for exercise-induced weight compensation, baseline 
levels of habitual MVPA or PAEE should be considered. It should be 
noted that AEE, as estimated by DLW, did not predict most of our out-
comes, with a substantial discrepancy compared with the associations 
from SenseWear-assessed PAEE. This suggests that the intensity com-
ponent included in PAEE (and MVPA) made these parameters better 
predictors with regard to our outcomes. Therefore, total AEE seems to 
be less important than EE at an intensity ≥ 3 MET, which is different 
from Mayer et al.’s original suggestion (11,12). The use of MVPA as a 
predictor offers the advantages of being accurately assessable via most 
current accelerometers and of accelerometer data being more straight-
forward compared with PAEE data such as that of the SenseWear 

armband, which is based on a complex pattern-recognition algorithm 
consisting of heat flux, skin temperature, near-body ambient tempera-
ture, and galvanic skin response, in addition to the accelerometer- 
recorded activity counts.

The present study has several strengths. E-MECHANIC was a large 
randomized controlled trial, in which exercise dose was strictly moni-
tored and supervised. Habitual PA was measured with validated accel-
erometers that allow an estimation of the intensity and EE of habitual 
PA. Additionally, EE and EI (via DLW) and RMR (via indirect cal-
orimetry) were measured with the gold-standard methods to compre-
hensively assess all aspects of energy balance. The assessment of EI 
via validated laboratory-based FI tests and via DLW over 2 weeks is a 
particularly major strength, as self-reported EI, which is still commonly 
used in many trials today, has been found to be fundamentally inaccu-
rate (38,39). A limitation of this analysis is that although PA assessment 
at follow-up was performed while participants were still exercising at 
their prescribed dose, we did not measure habitual MVPA, steps per 
day, and PAEE continuously throughout the intervention period and 
thus have no record of the effect of the exercise training on these out-
comes over the course of the intervention.

In conclusion, taking into account the substantial variability in the data, 
our results show that habitual MVPA and/or PAEE levels before engag-
ing in a structured exercise intervention predict weight loss, weight 
compensation, and changes in EI during that intervention. Importantly, 
habitual MVPA and/or PAEE (≥ 3 MET) at baseline showed a supe-
rior predictive value with regard to these outcome measures compared 
with steps per day and total AEE, suggesting that time spent and energy 
expended during MVPA rather than total activity-related EE before an 
exercise intervention targeting weight loss are protective against weight 
compensation. In this regard, habitual MVPA may be the preferable 
parameter compared with PAEE because of its easier, more econom-
ical, and (likely) more accurate assessment. Future studies are needed 
to elucidate the observed heterogeneous relationship between baseline 
habitual MVPA and/or PAEE levels and weight loss and compensation 
to develop individualized strategies to mitigate the detrimental compen-
satory increase in EI in response to an exercise-induced increase in EE 
in some individuals.O
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