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Abstract

Introduction/Purpose: A reduction in nonexercise physical activity (NEPA) after exercise may 

reduce the effectiveness of exercise interventions on weight loss in adults with overweight or 

obesity. Aerobic exercise (AEx) and resistance exercise (REx) may have different effects on 

NEPA. The purpose of this secondary analysis was to examine the effect of a single bout of AEx 

or REx on NEPA and sedentary behavior in inactive adults with overweight or obesity.

Methods: Adults with overweight or obesity (n = 24; 50% male; age, 34.5 ± 1.5 yr; body 

mass index, 28.5 ± 0.9 kg·m−2) not meeting current physical activity guidelines completed a 

single 45-min bout of AEx, REx, or a sedentary control on different days in random order. 
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After each condition, participants’ NEPA was recorded for 84 h by accelerometer. Time spent 

sedentary and in light, moderate, and vigorous physical activity; steps; metabolic equivalent of 

task (MET)-hours; and sit-to-stand transitions were calculated using activity count data.

Results: No differences were observed in the percent of waking time spent sedentary and 

in light, moderate, and vigorous activity between conditions (P > 0.05). No differences were 

observed in steps, MET-hours, or sit-to-stand transitions between conditions (P > 0.05). NEPA 

responses were variable among individuals, with approximately half of participants reducing and 

half increasing NEPA over the 84 h after each exercise condition.

Conclusion: NEPA was not reduced after an acute bout of AEx or REx in a sample of inactive 

adults with overweight or obesity.
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INTRODUCTION

Overweight and obesity continue to be pervasive health concerns worldwide and are 

associated with increased risk for various diseases and all-cause mortality (1-4). Exercise 

interventions are commonly utilized to elicit weight loss and improve health; however, many 

exercise-based interventions do not result in as much weight loss as expected (5-7). This 

may be due to compensatory behaviors that follow exercise, such as increasing caloric intake 

or decreasing physical activity (PA) (8).

PA is separated into two unique components: exercise and nonexercise physical activity 

(NEPA). Exercise is planned, structured, and repetitive movement with the express intent to 

improve health and fitness (9). NEPA is all movement that is not exercise and encompasses 

movements, such as activities of daily living, general locomotion, fidgeting, postural control, 

and sit-to-stand transitions (9). In some cases, an increase in exercise is related to a 

reduction in NEPA and a corresponding relative increase in sedentary time (10). This 

movement compensation, or reduction in NEPA after exercise, may offset the intended 

energy deficit from exercise interventions.

Systematic reviews of human studies primarily conclude that no change in NEPA occurs 

during exercise training (11-13); however, approximately one-quarter of the studies 

examined by two systematic reviews reported reductions in NEPA after exercise (12,13). 

These findings may be due in part to high levels of variability among participants. Multiple 

studies have reported that approximately half of participants exhibit reduced levels of NEPA 

after exercise (termed “NEPA compensators” herein), whereas the other half does not reduce 

NEPA (termed “NEPA noncompensators” herein) (10,14-16). When NEPA reductions occur 

after exercise, it seems to be influenced by several factors, including weight status, age, and 

sex (17-19).

In addition, most research has examined the influence of aerobic exercise (AEx) on NEPA, 

but few studies have examined changes in NEPA after resistance exercise (REx) (20). 

Some studies report that NEPA may increase after long-term REx (21,22), whereas NEPA 
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is more likely to remain unchanged or decrease after AEx (23,24). However, few trials 

have directly compared the influence of REx versus AEx on NEPA, and it is unknown 

if the different exercise modalities elicit distinct responses (20). Additional gaps exist for 

identifying individual factors associated with compensatory behavior. Identifying factors 

linked to compensatory reductions in NEPA that occur at the initiation of AEx or REx 

training protocols could help generate personalized exercise interventions for long-term 

weight management.

The primary aim of this secondary analysis was to investigate if a single bout of AEx or REx 

affects short-term NEPA in inactive adults with overweight or obesity. We hypothesized 

that a reduction in NEPA would occur after a single bout of AEx but not REx. In 

addition, we conducted an exploratory analysis to identify unique groups within the sample 

that decrease NEPA (NEPA compensators) and increase or do not change NEPA (NEPA 

noncompensators) and predicted parameters for each group.

METHODS

The complete methods and primary findings of the study are detailed elsewhere (25,26).

Participants

Participants were initially recruited using the following inclusion criteria: age, 21–55 

yr; body mass index (BMI), 25–35 kg·m−2; weight stable (±5% in the past 6 months); 

and physically inactive (not meeting the current American College of Sports Medicine 

PA guidelines of either 150 min·wk−1 of moderate-intensity activity or twice per week 

whole-body resistance training, as evaluated by a modified International Physical Activity 

Questionnaire-Short Form (27)) but otherwise healthy. During the trial, eligibility criteria 

were expanded to include individuals with a normal BMI (<25 kg·m−2) with high levels of 

body fat (>30% for women and >22% for men) to increase enrollment. This resulted in an 

additional six participants with BMIs <25 kg·m−2.

Study Design

We conducted a secondary analysis of a randomized crossover trial with three conditions 

designed to investigate the effect of exercise modality on appetite and energy intake (25). 

Data were collected between Fall 2017 and Spring 2019. Participants completed baseline 

evaluations including weight, height, body composition by dual-energy x-ray absorptiometry 

(Hologic Discovery W, Bedford, MA, USA), and a 2-wk exercise familiarization period to 

support personalized prescriptions and learn the proper use of exercise equipment.

Block randomization, which was stratified by sex, was used to allocate participants to one 

of six session orders. Participants then completed a single bout of AEx, REx, or sedentary 

control (CON). AEx consisted of 45 min on a treadmill at 65%–70% of age-predicted heart 

rate maximum. REx consisted of one set to failure on 12 different exercises (leg press, 

leg extension, leg curl, hip abduction, hip adduction, chest press, overhead press, seated 

row, overheard pull-downs, assisted triceps dips, barbell calf raises, and dumbbell biceps 

curls). CON consisted of sitting quietly for 45 min. Each condition was separated by a 

washout period of 7 d for men and 1 month for women, to ensure testing occurred during 
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the follicular phase of the menstrual cycle (as identified by self-report). All interventions 

occurred at the University of Colorado Anschutz Medical Campus Clinical and Translational 

Research Center and were overseen by trained research staff. The study was approved by the 

Colorado Multiple Institutional Review Board (COMIRB No. 16-2697) and registered on 

ClinicalTrials.gov (NCT03143868). Participants provided written informed consent before 

participation.

Outcomes

Immediately after each study condition, participants were given an ActivPAL3™ (PAL 

Technologies, Glasgow, Scotland) triaxial accelerometer to wear on the anterior thigh, 

following manufacturer guidelines. Accelerometer recordings were collected for 84 h after 

each condition. Upon completion of the tracking period, ActivPAL data were downloaded 

using the PALBatch program (PAL Technologies) and cleaned using the CREA algorithm 

provided by the manufacturer.

Custom duration epochs of 60 s were exported from the PALBatch program. The activity 

score for each epoch in metabolic equivalent of task (MET)-seconds was converted into 

MET-minutes by manual division by 60. Each epoch was then classified into sedentary, 

light, moderate, and vigorous minutes based on the MET values of sedentary (≤1.5 METs), 

light (LPA; >1.5 to <3.0 METs), moderate (MPA; ≥3.0 to <6.0 METs), and vigorous (VPA; 

≥6 METs) PA during the waking and nonexercise portions of the day (28). In combination 

with self-report logs, ActivPAL data were visually inspected to identify nonwear, time in 

bed, and exercise periods, which were manually removed before statistical analysis. To 

account for differences in wear time, time spent in each intensity category was expressed 

as a percent relative to total waking nonexercise wear time. The total number of sit-to-stand 

transitions, steps, and MET-hours recorded by the accelerometer was also included to assist 

in modeling categorical profiles for the exploratory analysis.

Statistical Analyses

Data were analyzed using Stata v17.0 (StataCorp LLC, College Station, TX, USA). General 

linear mixed-effects models were used for the primary analysis on all outcomes on the 

continuous measurement scale. Generalized linear mixed-effects Poisson models were used 

for count outcome variables. Random intercepts were used at the participant level to account 

for the nested data structure. If the assumption of no dispersion was violated, a mixed-effects 

negative binomial model was used to account for any dispersion by including an additional 

correction parameter. Significance was determined based on an α level of 0.05.

Exploratory Analysis

For the exploratory analysis, descriptive statistics and change scores were created for 

each participant by subtracting outcome variables relative to CON. Only participants with 

complete 84-h tracking periods in one or both exercise and CON conditions were used. 

Latent profile analyses identified latent groups in each condition. Latent profile analysis 

is a statistical approach that attempts to define profiles, or classes, based on shared 

characteristics. Two latent profiles of NEPA compensators, characterized by increased 

sedentary time and reduced NEPA, and NEPA noncompensators, characterized by reduced 
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sedentary time and increased NEPA, were hypothesized. Additional latent groups were 

tested to determine if they improved model fit. Akaike’s information criterion and Bayesian 

information criterion scores were used to identify the best-fitting model.

RESULTS

Participant Characteristics

Twenty-four participants (50% men) completed this study. Baseline characteristics are 

presented in Table 1.

Data Analyzed

Data were available for 22 of 24 (91.6%) periods after both AEx and REx and 21 of 24 

(87.5%) periods after CON. Data loss was due to hardware malfunctions and participant 

noncompliance with the wear protocol. Initially, the time and condition interaction were 

evaluated, but no day-to-day changes were observed (all P > 0.05; Fig. 1).

Sedentary Behavior and NEPA

There were no significant differences in the percentage of waking time spent in sedentary 

behavior, LPA, or MPA between AEx and CON, REx and CON, and AEx and REx (all P 
> 0.05). After removing exercise, no recorded activity ≥6.0 METs (VPA) occurred in any 

participant for any condition. There were no differences in total MET-hours, sit-to-stand 

transitions, or step counts between conditions (P > 0.05; Table 2).

Exploratory Analysis

The exploratory analysis was limited to participants who had tracking for the full 84 

h for the control condition and at least one exercise condition. Data from 18 and 15 

participants for AEx and REx, respectively, were used in the exploratory analysis. Latent 

profile analyses indicated two unique profiles after the AEx condition and two profiles after 

the REx condition (Table 3). Additional models testing for three and four latent profiles 

were compared, but the two-profile model had the smallest Akaike’s information criterion 

and Bayesian information criterion values and was considered the best fit. After AEx, 

profile 1 displayed lower MET-hours, fewer steps, and fewer sit-to-stand transitions. This 

group was labeled NEPA compensators. Profile 2 was labeled NEPA noncompensators and 

primarily displayed minimal changes in each outcome measure with AEx compared with 

sedentary behavior. After REx, profile 1 displayed lower MET-hours, fewer steps, and fewer 

sit-to-stand transitions and was labeled NEPA compensators. Profile 2 was labeled NEPA 

noncompensators and displayed increased NEPA and reduced sedentary time. BMI, age, and 

sex did not significantly predict the probability of class membership within groups (P > 0.05 

for all predictors and conditions). Individual responses to each condition are shown in Figure 

2. Of the 12 subjects with complete 84-h tracking after both exercise conditions, compared 

with the CON condition, 5 subjects (41.6%) reduced MET-hours after each condition, 2 

subjects (16.7%) increased MET-hours after each condition, 3 subjects (25.0%) reduced 

MET-hours after AEx but not REx, and 2 subjects (16.7%) reduced MET-hours after REx 

but not AEx. The outcomes associated with the best model fit are shown in Table 3.
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DISCUSSION

This study examined the influence of an acute bout of AEx or REx on short-term NEPA 

in a sample of inactive adults with overweight or obesity. Contrary to our hypothesis, there 

were no differences in NEPA in response to AEx, REx, or CON. Although the primary 

outcomes do not show compensation in NEPA on a group level, exploratory analyses 

predicted two unique profiles, NEPA compensators, and NEPA noncompensators, after both 

acute AEx and REx. Interestingly, the REx NEPA noncompensator profile was uniquely 

characterized by increased NEPA and reduced sedentary time. In addition, change scores in 

NEPA compared with CON for each participant showed high variability, demonstrating that 

some participants reduced NEPA after both AEx and REx, whereas others reduced NEPA 

after one exercise condition but not the other.

Previous studies evaluating changes in NEPA after acute AEx and REx are limited. In a 

similarly designed crossover study, Cadieux et al. (29) reported that NEPA does not change 

10 or 34 h after AEx and REx of equivalent energy expenditure. Similarly, Alahmadi et al. 

(30) reported that NEPA remained unchanged in overweight men for 2 d after a single AEx 

session and increased on the third day. Our statistical model initially included condition- 

and day-interaction terms, but no significant interactions were observed. Thus, in contrast 

to Alahmadi et al. (30), no increase in NEPA was observed in the days after exercise in 

this sample. Therefore, the day-by-day-interaction term was removed to make the model 

more parsimonious. The lack of evidence indicating NEPA changes after exercise in this 

sample is consistent with existing systematic reviews regarding similar exercise intensities 

and participant characteristics (11,20).

However, exercise dose may influence PA compensation. For example, a 24-wk AEx 

intervention demonstrated that objectively measured total energy expenditure was reduced 

to a greater degree in response to a higher dose of AEx than a moderate dose of AEx (7). 

In other words, although the higher dose of AEx resulted in weight loss over 24 wk, it 

was less than expected (7). Energy intake calculated by the intake-balance method remained 

unchanged, indicating the potential for NEPA to decrease the effectiveness of weight loss 

during higher-volume AEx interventions (7,31). Furthermore, other studies show that the 

intensity of AEx has no effect on PA compensation for both low versus moderate and 

moderate versus vigorous interventions (32,33). It is unknown if differing volumes and 

intensities of REx will have different effects on NEPA.

Changes in NEPA after REx also seem to vary across studies. Drenowatz et al. (24) 

conducted a 16-wk intervention and found that moderate-vigorous NEPA increased by 

approximately 216 kcal·d−1 on nonexercise days in the REx group. In comparison, no 

change in moderate-vigorous NEPA occurred on the nonexercise days in the AEx condition 

(24). Similarly, both Hunter et al. (34) and Halliday et al. (21) previously reported increased 

NEPA after longer-term resistance training. However, other studies have reported that NEPA 

does not change after resistance training (6,35). The current study does not reconcile these 

separate findings. Rather, the results suggest that if an individual reduces NEPA after 

exercise, the amount that NEPA is reduced may be lower after REx as compared with AEx, 

as seen in the exploratory analysis.
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Although the group findings did not yield statistically significant results, the exploratory 

analysis indicates two unique profiles after AEx and REx conditions characterized by 

differences in NEPA. This split into NEPA compensators and NEPA noncompensators is 

similar to the categorization reported in other studies (10,14-16). The continued findings of 

compensating groups throughout multiple studies warrant further investigation. Sedentary 

time was not different between the NEPA compensators and NEPA noncompensators after 

the AEx conditions. However, MET-hours, sit-to-stand transitions, and total steps decreased 

in the NEPA compensator group. Interestingly, the REx NEPA noncompensator profile was 

characterized by increased NEPA and reduced sedentary time. These findings indicate that 

a reduction in the intensity of daily movement rather than a change in the allocation of 

time spent in sedentary behavior can follow AEx, whereas REx may lead to both reduced 

sedentary time and increased NEPA in those classified as noncompensators. However, 

these findings need to be interpreted with caution because of the exploratory nature of 

the analysis.

Although age, sex, and BMI were not associated with compensator status in the 

present study, these factors and others, such as cardiorespiratory fitness, should be 

directly examined in future larger-scale trials. When NEPA compensation does occur, 

it is most often associated with sedentary older adults with overweight/obesity (11). 

Larger trials specifically designed to identify common factors of NEPA compensators 

may be more successful in identifying characteristics and mechanisms associated with 

NEPA compensation. If factors identifying those likely to reduce NEPA during exercise 

interventions can be identified, personalized NEPA prescriptions that simultaneously target 

exercise and NEPA may increase the effectiveness of exercise interventions for weight 

management.

Variance in NEPA compensation may be explained by individual physiological and 

psychological responses to exercise, as identified by Gray et al. (36). Delayed onset muscle 

soreness (DOMS) can occur after novel exercise and last several days after starting an 

exercise routine (37). DOMS was not assessed throughout our intervention, and individual 

responses may have varied. The inclusion of exercise familiarization sessions for both 

AEx and REx conditions and the moderate-intensity protocol for each condition was 

selected to avoid the compounding effects of DOMS as much as possible. Other potential 

mechanisms identified by Gray et al. (36) for reduced movement in the hours and days 

after an exercise bout include doing so as a reward for exercise, fatigue, and time 

management. Additional psychological responses, such as increased compensatory health 

beliefs and smaller reductions in disinhibition, are more likely in NEPA compensators 

(38). No qualitative assessments were used during the present study, and it is unknown 

how these individual factors may have played a role in changing NEPA. In a weight 

management setting, if NEPA remains the same and weight loss attempts are blunted, then 

any compensatory changes disrupting the intended negative energy balance are more likely 

to be caused by increased energy intake.

Notably, the lack of group compensation across conditions in our sample may be due 

to the sample population. Based on the CON condition, participants spent ~3% of their 

day in MVPA and ~74% sedentary. It may be hard to become more sedentary, thus 
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limiting the opportunity to compensate by decreasing NEPA. Future studies examining 

NEPA compensation should include robust measurements of NEPA and energy intake to 

identify potential mechanisms that offset negative energy balance. In addition, future studies 

could identify and examine if the individuals that change NEPA at the start of a weight-

loss-focused exercise intervention maintain that change throughout a long-term exercise 

intervention.

Limitations

The strengths of this study include a randomized crossover design and an objective measure 

of NEPA. However, this study is not without limitations. First, energy expenditure and 

exercise intensity were not matched between AEx and REx conditions, nor was energy 

expenditure directly measured throughout the study. Instead, we opted for a practical 

approach of matching exercise conditions by equivalent time to reflect standard exercise 

recommendations. Second, we acknowledge that the impact of our findings is limited by not 

having a record of energy intake for the 3 d after the exercise. Changes in energy intake and 

appetite hormone regulation may be a more likely mechanism leading to less than expected 

weight loss than NEPA compensation (39), and recording food intake would provide more 

robust insight into the compensatory behaviors after exercise. However, self-reported dietary 

intake data are highly prone to misreporting and often unrelated to actual energy intake (40). 

The acute energy intake data for this trial are published elsewhere (25,26). Third, waking 

wear time was identified from the first and last instance of steps registered on the ActivPAL 

device. Sedentary time may be underestimated by missing time spent lying in bed before and 

after waking. However, this limitation occurs in each condition and is likely to have an equal 

effect on all conditions. Lastly, this study was a secondary analysis of previously collected 

data, and as such, the results herein should be interpreted with caution because of the small 

sample size and evaluation of nonprimary outcomes.

Conclusions

The findings of this trial suggest that NEPA compensation by reducing NEPA after exercise 

does not consistently occur after acute bouts of AEx or REx in adults with overweight 

and obesity. However, subsets of individuals reduce or increase NEPA in response to AEx 

and REx. PA prescriptions that account for individual variability by including exercise and 

NEPA recommendations may provide more effective weight loss outcomes. More research is 

needed to identify common factors that associate and differentiate NEPA compensators and 

NEPA noncompensators.
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Figure 1. 
Time spent sedentary (SED) and in light physical activity (LPA) and moderate physical 

activity (MPA) after exercise bouts. Comparison of percent waking, nonexercise time spent 

in SED (≤1.5 metabolic equivalents of task (METs)), LPA (>1.5 to <3.0 METs), and MPA 

(≥3.0 to <6.0 METs) between conditions. Box components indicate median (middle bar of 

box), interquartile range (outer edges of box), and most extreme values that are not outliers 

(ends of lines extending from box). AEx, aerobic exercise condition; CON, sedentary control 

condition; REx, resistance exercise condition.
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Figure 2. 
Changes in metabolic equivalent of task (MET)-hours over 84 h after aerobic exercise 

(AEx) and resistance exercise (REx) compared with the control (CON) condition. A, 

Change in MET-hours over 84 h after AEx compared with CON. Each bar represents 

an individual participant’s change compared with the MET-hours they obtained during 

the CON condition. B, Change in MET-hours over 84 h after REx compared with CON. 

Each bar represents an individual participant’s change compared with the MET-hours they 

obtained during the CON condition.
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Table 1

Participant Characteristics.

Total Sample (n = 24) Women (n = 12) Men (n = 12) P

Age, yr 34.6 ± 7.4 36.8 ± 7.7 31.1 ± 5.3 0.14

BMI, kg·m−2 28.5 ± 4.7 29.0 ± 5.1 28.1 ± 4.4 0.64

Body fat, % 35.1 ± 8.4 40.3 ± 7.2 30.3 ± 6.5 0.01

Data are presented as mean ± standard deviation.

BMI, body mass index.
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