Are compensatory health beliefs associated with non-exercise physical activity compensation

after a 12-week aerobic exercise intervention? Matthew Hawke and Christoph TheveRen
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Introduction — Background & Rationale. The worldwide prevalence of obesity is high and increasing.

In Germany, a 2019/2020 self-reported survey found 19% of adults were obese and 53.4% overweight?.
This is a major public health concern, as obesity is a risk factor for type 2 diabetes, cardiovascular

diseases, several cancers, and musculoskeletal disorders, and is associated with premature death3,*.

Physical activity is a key pillar of multimodal obesity therapy®, yet exercise-induced weight loss is often
smaller and more variable than predicted®. One explanation is energy compensation: increases in
exercise energy expenditure may be partially offset by physiological or behavioural adaptations’. For
example, after exercise, individuals have been shown to compensate behaviourally through eating more
(increased energy intake)® or moving less during the rest of the day (reduced non-exercise physical
activity, or NEPA)®,'°, NEPA refers to bodily motion outside volitional exercise, including activities of
daily living such as fidgeting, posture maintenance, and ambulation'’. Substantial inter-individual
variability in energy compensation is consistently observed. One systematic review found a mean
energy compensation of 18%, but with a standard deviation of 93%'2, meaning group-level means may

obscure substantial individual compensation®.

Determinants of energy compensation remain poorly understood, though it appears most reliably in
longer interventions'2. Psychological factors associated with energy compensation have received little
attention so far. One potential mechanism is compensatory health beliefs (CHBs), e.g., "l worked out
this morning, so | can rest now." CHBs have been empirically associated as a contributor to energy

intake compensation®, however their relationship with NEPA compensation remains unclear.

Gap of knowledge. Compensatory Health Beliefs (CHBs) are beliefs that the negative effects of an
unhealthy behaviour can be compensated for, or "neutralised," by a healthy one, for example, "l can eat
this cake now because | will exercise this evening"'. Higher CHB scores have been linked to more
maladaptive health behaviours, reported illness symptoms, and higher BMI'3. To date, only one study
has examined CHBs in relation to NEPA compensation as a result of an exercise intervention. Gray et
al.™, in a qualitative study of older adults who reduced NEPA during a four-week programme, reported
the licensing of subsequent inactivity as one psychological mechanism of physical activity
compensation, alongside physiological factors such as fatigue'. While inferred from participant
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interviews, CHBs were not measured with a validated instrument'®. To our knowledge, no study has yet
quantitatively examined whether individuals with stronger CHBs are more likely to compensate in their

NEPA after an exercise intervention.

Our hypothesis is that baseline compensatory health beliefs (CHBs) will be associated with non-
exercise physical activity (NEPA) compensation in response to an exercise intervention. We will test this
through 3 aims which first establish observed compensation, test our core assumption and finally
consider its generalisability:
e Aim 1: Characterise the extent and inter-individual variability of NEPA compensation in
response to the intervention.
® Aim 2: Determine whether baseline CHBs are associated with NEPA compensation, and
whether this association is independent of fatigue.
® Aim 3: To explore whether the CHB—NEPA association varies by baseline physical activity level

and sex.

Sample and recruitment. A sample of 108 participants will be recruited to allow for approximately 20%
attrition, yielding a target analysed sample of 88. This provides 80% power (a = 0.05) to detect an effect
anchored to previously reported associations between CHB scores and health-risk behaviours (r = 0.28—
0.29)"3. A study with a comparable exercise intervention reported an attrition/exclusion rate of 13%
supporting our estimate as reasonable and conservative'®. The sample will include men and women
aged 20-40 years, with BMI of 28-35kg/m?, who are sedentary (VO=max <45 ml-kg™"-min~" measured via
graded maximal exercise test on a cycle ergometer), generally healthy (blood pressure <140/90 mmHg,
fasting blood glucose <6.1 mmol/l, no regular medication), not currently engaged in weight-loss, and
with no contraindications to participating in vigorous aerobic exercise. To mitigate selection bias,
recruitment will be performed through multiple channels. Alongside general outreach (advertisements),
we will establish cooperation agreements with general practices and occupational-health services, in
which physicians identify potentially eligible patients and invite them to opt in. Where feasible, we will
also pursue register-based recruitment, inviting a random sample of age-eligible residents drawn from
the residents' registration office, to reach individuals who would not otherwise self-select into exercise
research. Recruitment source will be recorded for every participant to describe the characteristics of the

achieved sample and to allow post-hoc examination of channel-related differences.

Study Design and Intervention. We are proposing a single-group, within-subject design with a pre-
intervention baseline period serving as the control condition. To reduce the risk that awareness of the
primary outcomes biases participant behaviour, the study will be presented as an investigation into
cardiovascular and metabolic responses to supervised aerobic training. The specific hypotheses
regarding compensatory behaviours will remain unknown until after the data collection. This partial
blinding is intended to minimise changes in non-exercise activity or dietary compensation that could
occur if participants knew these were the outcomes of interest. Participants will perform supervised
aerobic exercise five sessions per week across a 12-week intervention, with the prescribed dose

anchored to exercise-induced energy expenditure and ramped progressively to improve tolerability and



adherence (See table 1). Exercise intensity will be monitored via a heart rate monitor (Polar RS400)

during each session. The heart rate monitor will use sex, heart rate, body weight (adjusted at weeks 3,

6 and 9), and age to estimate energy expenditure during the workout'®.

Phase Weeks Target kcal/week Target kcal/session Intensity

Ramp in 1-2 1500 300 Mod (~45-55%HRR)
Progression 3-6 2000 400 Mod (~55-65%HRR)
Target 7-12 2500 500 Vig (~65-75%HRR)

Table 1: Planned progressive exercise intervention protocol

Measurements and analysis. The primary outcome is NEPA, quantified as the change in the two-week
baseline to weeks 11-12. NEPA will be measured using a research-grade tri-axial accelerometer
(ActiGraph wGT3X-BT) provided to each participant, worn on the right hip during all waking hours. To
isolate NEPA, accelerometer measurements coinciding with supervised exercise sessions will be
excluded, so that only activity outside prescribed exercise contributes to the outcome. The primary
predictor, Compensatory Health Beliefs (CHBs), is measured at baseline via the 17-item CHBS. In brief,
measures include CHBs, NEPA, resting metabolic rate, energy intake, body composition, weight and

fatigue. Instruments, timing and rationale are detailed in Table 2.

For Aim 1, we will characterise the extent and inter-individual variability of NEPA compensation
descriptively (mean change, SD, and the proportion of participants showing reductions). As in prior
work'?, we expect the average reduction to be small but to vary widely between people, with a subgroup
compensating strongly compared to baseline. For Aim 2, linear regression will test the association
between baseline CHBs and NEPA compensation. A second model will then be used to control for
variance in fatigue to determine whether the association is independent of it. We expect higher baseline
CHBs to predict NEPA compensation, with the association attenuated but retained after fatigue
adjustment. For Aim 3, we will add baseline physical activity level and sex as moderators to explore
whether the CHB-NEPA association varies across these subgroups. This analysis is exploratory and
expected to be hypothesis-generating rather than confirmatory given power constraints. Resting
metabolic rate, energy intake (intake-balance method) and body composition are measured to position
NEPA compensation within the total energy-balance equation and to rule out that intake or metabolism-

driven changes are misattributed to NEPA" 2,

The proposed project timeline presents a realistic plan to complete the study within the 3-year funding
period. Key strengths include a 5-month recruitment phase, which allows for 5 different entry points to

begin the intervention, and 6-month time buffer to accommodate unforeseen challenges and delays.




Project timeline: 36 months

Study setup (funding, ethics, documentation)

Recruitment of participants

Intervention & data collection

Contingency

Data analysis & statistical modelling

Contingency

Manuscript drafted & published

Start: Jul 2026

[

10 mo

Blinded internal pilot (n = 44)

End: Jun 2029

<« Data collection complete

5mo

Jul'26 Jan'27 Jul'27 Jan '28 Jul*28
Table 2. Outcome measures, instruments, assessment timing, and rationale.
What How When Rationale
Compensatory 17 item Compansatogy i Validated CHB measure with good internal consistency (a = 0.80
health beliefs tealth Tellef Scale G and test-retest reliability'?. i = )
(CHBS)
ActiGraph 2-week baseline, Validated tri-asial accelerometer with established criterion validity for step counting
NEPA wGTSX-BT week 11-12 and energy-expenditure/intensity classification against indirect calorimetry; hip
placement provides the most accurate intensity and energy-expenditure estimation'”.
Resting » Indir(.ect Baseline and Gold-standard, non-invasive method for quantifying resting energy expenditure via
metabolic rate calorimetry ir:rotse:'vention respiratory gas exchange'®.
A Doubly labeled Baseline and Gold-standard measure of total energy expenditure in free-living individuals, combined
Energy intake water weck 11-12 with change in body energy stores, allows estimation of energy intake vin the intake-
balance method'?:2°,
Baseline
. Calibrated '
Weight electronic scale ::;I;g;f’ 9 Weight is measured on an electronic scale under standardized conditions.
intervention
Body e m”’ggﬁ tg" i B::te g anc Validated, reliable method for measuring body composition, combined with DLW
composition (DXZ’) ?ntervenﬁon expenditure to estimate energy intake (intake-balance method)?'22,
Fatigue %‘:{;ﬁ’;::::;zg E:ﬁch;f’we ek, A validated, multidimzep_ségnal self-report measure of fatigue?® and used extensively in
(MFI-ZO) 7' week 12. exercise interventions .




Risks and controls. The primary risk is poor adherence and low recruitment. This is controlled through
exercise prescription and recruitment strategy. As the single-group design does not treat exercise as an
independent variable, intensity can be gradually ramped, allowing a regimen that is both clinically
recommended and more readily adhered to?”. Second, the five-month recruitment phase provides five

separate entry points, enabling contingency recruitment at later stages if required.

A further consideration is whether measurable NEPA compensation occurs. The hypothesis concerns
inter-individual variability rather than a group-level mean reduction. Prior work reports small mean
compensation but very large between-person variability'?, the pattern our design is intended to capture.
Aim 1 is framed descriptively so it yields an informative result irrespective of direction. Quantifying the
extent and variability of NEPA compensation in a well-characterised overweight/obese cohort, using
gold-standard energy-balance measures, is a contribution independent of the CHB findings. Aim 2,
however, depends on people differing in how much they compensate. If everyone compensates
similarly, there is little variation for baseline Compensatory Health Beliefs (CHBs) to explain and the
CHB-NEPA analysis loses power. Features of our design control against this. We have a well-
characterised cohort and gold-standard measures keep measurement error low, so genuine differences
are not lost in measurement error. Furthermore, NEPA compensation is a common response to exercise
training, reported in roughly two-thirds of studies, with several reporting large inter-individual
differences'®, including at durations comparable to ours®. Meaningful between-person variation is

therefore likely.

Once half the sample is completed, they will also serve as a blinded internal pilot. This means observed
NEPA-compensation variance will be used to re-estimate the required sample size for subsequent
recruitment rounds, without examining the CHB-NEPA association, to ensure the study remains
adequately powered. Blinded variance re-estimation does not inflate Type | error and is well
established?®. As a contingency against the high cost and burden of the energy-balance battery (doubly
labelled water, DXA), these could instead be collected in a randomly selected subsample should budget

or retention require it.

Significance and Impact. Achieving and maintaining weight loss remains a major treatment challenge
impeded by energy compensation?®,*°. Improving the efficacy of weight-loss treatment is of large public
health interest, given that even moderate weight loss meaningfully improves metabolic health'. This
study explores a plausible psychological determinant of NEPA compensation, CHBs, while accounting
for relevant covariates, offering a novel contribution to understanding who compensates and why. If our
hypothesis is supported, the CHB scale could serve as a low-cost screening tool to identify individuals
at elevated risk of behavioural compensation, and would motivate trials testing whether directly targeting
CHBs reduces compensation and improves the weight-loss response to exercise. By situating a health-
psychology concept within physiological weight management research, the project encourages a more

holistic and interdisciplinary approach to understanding weight management.
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