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Exercise individual response: IPD meta-analysis

Abstract

Although many studies have assumed variability reflects variance caused by exercise
training, few studies have examined whether interindividual differences in trainability are present
following exercise training. The present individual participant data (IPD) meta-analysis sought
to: 1) investigate the presence of interindividual differences in trainability for cardiorespiratory
fitness (CRF), waist circumference, and body mass; and 2) examine the influence of exercise
training and potential moderators on the probability that an individual will experience clinically
important differences. The IPD meta-analysis combined data from 1,879 participants from eight
previously-published randomized controlled trials. We implemented a Bayesian framework to:
1) test the hypothesis of interindividual differences in trainability by comparing variability in
change scores between exercise and control using Bayes factors; and 2) compare posterior
predictions of control and exercise across a range of moderators (baseline BMI and exercise
duration, intensity, amount, mode and adherence) to estimate the proportions of participants
expected to exceed minimum clinically important differences (MCIDs) for all three outcomes.
Bayes factors demonstrated a lack of evidence supporting a high degree of variance attributable
to interindividual differences in trainability across all three outcomes. These findings indicate
that interindividual variability in observed changes are likely due to measurement error and
external behavioural factors, not interindividual differences in trainability. Additionally, we
found that a larger proportion of exercise participants were expected to exceed MCIDs compared
with controls for all three outcomes. Moderator analyses identified that larger proportions were
associated with a range of factors consistent with standard exercise theory and were driven by

mean changes. Practitioners should prescribe exercise interventions known to elicit large mean
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Exercise individual response: IPD meta-analysis

changes to increase the probability that individuals will experience beneficial changes in CRF,

waist circumference, and body mass.

Running Title — Exercise individual response: IPD meta-analysis

Key Points

- For the purposes of this meta-analysis, we define “trainability” as the change in a given
variable directly attributable to an effect of exercise training free of measurement error
and confounding factors.

- Larger exercise doses and other prescription factors consistent with standard exercise
theory and larger mean changes were associated with larger proportions of individuals
experiencing clinically meaningful changes in cardiorespiratory fitness, waist
circumference, and body mass.

- Regardless of whether individuals respond differently as a result of exercise training per
se, clinicians should prescribe exercise doses known to elicit large mean changes in order
to increase the probability that individuals experience clinically meaningful

improvements in cardiorespiratory fitness, waist circumference, and body mass.
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Exercise individual response: IPD meta-analysis

1 - Introduction

Many exercise training studies have interpreted wide ranges of observed changes in
physiological outcomes as evidence that individuals demonstrate varying degrees of trainability
— the change in a given variable directly attributable to an effect of exercise training per se ([1—-
3]). However, these interpretations ignore the confounding influence of measurement error
and/or variability introduced by changes in behavioural/environmental factors not related to
exercise training including changes in sleep, diet, stress, etc. [4]. The confounding influences of
behavioural and environmental factors are collectively referred to “within-subject variability”,
and recognizing this source of variation challenges the assumption that interindividual
differences in trainability exist following ostensibly the same exercise training stimulus [5,6].
Rather than assuming its existence, several studies [7—12] have estimated the presence of
interindividual differences in trainability by determining whether the variability of change scores
is larger in exercise compared with control groups [5]. Only some of these studies reported
larger variability in exercise groups [7—12], and this inconsistency may be explained by small
sample sizes (range: 26 to 181) leading to imprecise estimates, or by heterogeneity in the
outcomes examined across these studies. It therefore remains unclear the extent to which

variability in observed changes reflects interindividual differences in trainability.

Analyses pooling data from the same outcome across multiple studies can offer greater
precision for determining the presence of interindividual differences in trainability. Recent
aggregate data meta-analyses — with sample sizes ranging from 1,185 to 1,500 participants —
have reported a lack of clinically-important [13,14] or no [15] evidence of interindividual
differences in trainability in body mass and body composition parameters. An alternative to

aggregate data meta-analyses are individual participant data (IPD) meta-analyses, which involve
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Exercise individual response: IPD meta-analysis

obtaining and analyzing raw participant data. Compared with aggregate data meta-analyses, [PD
meta-analyses permit the ability to investigate potential moderators, provide more precise
estimates, and enable greater flexibility in statistical modelling by unrestricting assumptions of
the distribution of underlying change scores [16]. We [17] recently compiled a large dataset of
1,879 participants across eight RCTs that investigated the effects of different doses of exercise
training on various health outcomes including cardiorespiratory fitness (CRF), waist
circumference, and body mass. This dataset presents an opportunity to perform an IPD meta-
analysis to assess the extent to which interindividual differences exist in trainability of CRF and

body composition parameters.

Despite limited evidence supporting the presence of interindividual differences in
trainability, there is an abundance of evidence (reviewed in: [ 1-3]) demonstrating individual
differences in observed changes in outcomes after completing ostensibly the same exercise
training intervention. For example, individual changes in relative cardiorespiratory fitness
(CRF) following 24 weeks of standard aerobic training ranged from ~ -3 to +16 mL/kg/min [18],
and this range of change scores (~19 mL/kg/min) substantially exceeded both a clinically-
meaningful CRF change (e.g. 3.5 mL/kg/min [19]) and the variation that is equivalent to
measurement error alone (~2.31 mL/kg/min). That is, although the relative contribution of
trainability to observed changes in outcomes is unclear, it is clear participants with the largest
observed change scores had a higher probability of experiencing clinically meaningful CRF
improvements than participants with the lowest observed change scores. Exploring potential
moderators of observed change scores may elucidate exercise prescription strategies for
maximizing the probability that an individual experiences a meaningful change. Employing a

Bayesian framework that enables flexible modelling and generation of subjective probabilities
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Exercise individual response: IPD meta-analysis

[20] provides an effective method for interpreting change scores not simply on mean values in
the measured units, but more applied and clinically relevant interpretations such as the expected
proportions to exceed relevant thresholds. Conducting a Bayesian IPD meta-analysis with our
large dataset [17] provides the scope to examine the role of potential moderators such as exercise
adherence, intensity, duration, and mode on the probability that an individual will experience a

meaningful change in CRF, waist circumference, or body mass.

Accordingly, the objectives of this large dataset (n = 1,879 participants) IPD meta-
analysis were to: 1) investigate the presence of interindividual differences in trainability for CRF,
waist circumference, and body mass, and 2) examine the influence of exercise training and
potential moderators on the probability that an individual will experience benefit in these three
outcomes. We also estimated the influence of exercise training and potential moderators on the

distribution (i.e. standard deviation) of CRF, waist circumference, and body mass change scores.

2 - Methods

The present study is an IPD meta-analysis of CRF, waist circumference, and body mass
data from eight previously published exercise intervention RCTs. Table 1 summarizes the
participant characteristics, total sample sizes, and training protocols, with full study details
published elsewhere [21-28]. Each study received ethics approval at their respective institutions,
conformed to the Declaration of Helsinki, and obtained written informed consent from each

participant prior to commencing data collection.

2.1 - Outcomes
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Exercise individual response: IPD meta-analysis

Although outcome assessment protocols varied slightly across studies (full details
elsewhere: [18,22—-25,27-32]), all 8 studies used similar methods to measure CRF, waist
circumference, and body mass. Briefly, CRF was determined as the maximum level of oxygen
consumption, measured via gas exchange using a metabolic cart, during an incremental exercise
test to exhaustion and expressed in relative (mL/kg/min) units. Waist circumference was
manually assessed using tape measures (expressed in centimeters) and body mass was measured
using scales (expressed in kilograms). We focused on these three outcomes because they were
included in all 8 studies and because they are clinically relevant due to their association with all-
cause morbidity and mortality [19,33,34]. Our analyses (described in 2.2 and 2.4) estimated the
proportion of individuals that would be expected to exceed minimal clinically important
differences (MCID), which were +3.5mL/kg/min for CRF, -2cm for waist circumference, and -
2kg for body mass as we [11,35] and others [9] have used previously. The analysis approach was
selected for multiple reasons. Firstly, the proportion of individuals that exceed an MCID
provides an easy-to-understand outcome that communicates the effectively the practical
relevance of an intervention. Secondly, the difference in proportion of individuals that exceed
the MCID between exercise and control, or due to change in a moderator provides an informative
and clinically relevant perspective. Thirdly, the results of each of these large reviews have been
published previously where analyses have already focussed on standard analyses such as mean

change.

2.2 - Bayesian framework

The majority of meta-analysis (examples: [13—15]) follow a frequentist framework

whereby parameters (e.g. means and standard deviations [SDs]) are objectively estimated from

7
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the data and uncertainty is expressed with confidence intervals. A limitation with confidence
intervals is their inability to provide distributional information, such that there is no direct sense
for whether a parameter estimate in the middle of the interval is more probable of representing
the true value than any other value within the interval [20]. In other words, a 90% confidence
interval centered around a mean CRF change of 3 mL/kg/min and ranging from 1 to 5
mL/kg/min should be interpreted as: 90% of similarly sized intervals (i.e. ranging 4 mL/kg/min)
obtained from repeatedly completing the trial will contain the true mean change [20]. However,
researchers often misinterpret confidence intervals [36] as (in keeping with the previous
example): there being a 90% chance that the true change in CRF is between 1 and 5 mL/kg/min.
Although the latter interpretation is perhaps more intuitive and desirable when trying to estimate
a given parameter (e.g. true mean change in CRF), this interpretation cannot be made within a

traditional-frequentist framework [20].

Instead of implementing a frequentist approach, we implemented a Bayesian framework
for our IPD meta-analysis. Rather than estimating parameters from the data alone, Bayesian
frameworks combine prior beliefs and the data to estimate the most plausible parameter values
(e.g. mean change in CRF). Bayesian frameworks are therefore considered subjective because
researchers can incorporate their a priori expectations when estimating parameters. For
example, a researcher could use information from several large-scale, rigorous meta-analyses to
develop an expected mean change in CRF, and then combine this information with their actual
data to derive the most plausible estimate for the true mean change in CRF. In Bayesian
analysis, prior beliefs refer to the probability of obtaining parameter values (e.g. mean change in

CRF) given a specific data generating model (e.g. normal distribution), and are written as:

p(0|M)
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180 where p is the probability, © are the parameters of the model (e.g. mean change in CRF
181  and standard deviation), the vertical dash means given, and M is the model (e.g. normal

182  distribution). The prior is combined with the likelihood, which refers to the probability of

183  obtaining the data (e.g. dataset of raw CRF change scores) given specific parameter values and

184  the specified model. The likelihood is written as:

185 p(y1©, M)

186 The prior and likelihood are then combined and scaled to obtain a posterior distribution

187  reflecting updates of beliefs in the light of the data and written as:

188 r(Oly, M)

189 Intervals known as credible intervals (Crls) can also be constructed from the posterior
190  distributions and quantify the probability of containing the actual parameter value (e.g. a 90%
191  chance of containing the true mean change in CRF). It is important to emphasize that credible
192  intervals represent subjective probabilities because they are built using prior beliefs.

193  Nevertheless, if prior beliefs are well justified (e.g. established using relevant data), then credible
194  intervals permit more intuitive, and arguably more useful, interpretations compared with

195  confidence intervals [20]. Finally, different moderator values can be entered into models (e.g.
196  exercise intervention of 4, 6 and 8 months) to simulate new data y and estimate proportions of

197  individuals expected to exceed thresholds such as the MCID.

198 We conducted our IPD meta-analysis by fitting Bayesian hierarchical distributional
199  regression models which modeled the mean and variance parameters. All models comprised
200 random intercepts to account for systematic differences across studies, and models with group

201  (exercise vs. control) and moderators (defined below) included these variables as fixed effects.
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The subsequent methods sections provide specific details for how we used these Bayesian
models to investigate interindividual differences in trainability and proportions of participants

exceeding MCIDs.
2.3 - IPD Meta-Analysis: Interindividual differences in trainability

We fit initial base models of our IPD meta-analysis that included the mean and variance
parameters across three different types of distributions: normal, skew normal, and t-distributions.
The most appropriate distribution type for each outcome was determined using the Watanabe-
Akaike information criterion, and these identified distribution types were then used in all

subsequent analyses for each outcome.

To investigate the presence of interindividual differences in trainability, we first

conducted analyses to obtain Bayes factors. Bayes factors are denoted as:

(p (yIMy) >
p(yIM3)

because they are obtained by estimating the probability (p) of obtaining the data (y)
given two different models: M; represents a model that included group as a fixed effect of the
variance parameters (i.e. exercise vs. control), whereas the M, model did not contain a group
factor for variance parameters (i.e. all data combined as coming from one large group). That is,
the M;model allowed us to estimate the probability that the variance in exercise change scores
exceeded the variance in control change scores — an observation indicating the presence of
interindividual differences in trainability [5]. Conversely, the M, model estimated the

probability of the null hypothesis (i.e. variance in exercise not greater than variance in control).

A Bayes factor greater than 1.0 would indicate that M; was a better fit, which would then indicate

10
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the presence of interindividual differences in trainability because the probability of the variance
in exercise exceeding control was higher than the probability of the null [37]. Bayes factors less
than 1.0 would therefore indicate a lack of interindividual differences in trainability [37]. The
strength of evidence in favour of either model (M; or M,) was evaluated according to a
previously defined scale [37]. As described above, Bayesian frameworks require incorporating
prior beliefs. Given limited pre-existing data to justify appropriate priors, we created “local”
priors using our dataset. Specifically, we developed priors from randomly created “training sets”
that consisted of 1/3 of the total dataset, meaning that Bayes factors were calculated on the
remaining 2/3 of the dataset. Due to stability issues with calculating Bayes factors [38], we
repeated these steps four times (i.e. creating five different priors each containing 1/3 of the data)
and calculated an average Bayes factor for each outcome. As a final check, we calculated Bayes
factors with weakly informative priors, which returned values close to the average Bayes factors

calculated with local priors.

2.4 - IPD Meta-Analysis: Posterior predictions for proportions and distributions of change

scores

To investigate the proportion of individuals in exercise and control exceeding the MCID,
we used the posterior samples p(6]y, M) from the best fit distributional base model to generate
posterior predictions p (7|8, M) (n=1000) and calculated the proportion of samples exceeding the
MCID. To compare variances in both exercise and control, the M; model was used. Given the
heterogeneous nature of the data with regards to participant (sex, age and diabetes status) and
exercise (aerobic, resistance or combined) characteristics, individual subgroup analyses were
conducted and are presented in Supplemental Tables 1-3. Moderator analyses were then

investigated through a similar process, first obtaining posterior samples, and then generating

11
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posterior predictions. Moderator fixed effects were included for the mean and variance
parameters. As mentioned above, an additional advantage of Bayesian analysis is the flexibility
in fitting models when pooling data in IPD meta-analyses [39]. For instance, although only one
trial included measures at four months [40], we were able to include this time point in our
duration moderator analysis through simulation and subsequently estimate proportions exceeding

MCID and standard deviations at four months.

We evaluated six moderators: 1) intervention duration (4, 6 or 8 months); 2) exercise
adherence (number of calories expended during aerobic exercise training relative to the amount
prescribed; categorized as > or < 70% for “high” or “low” adherence, respectively); 3) exercise
mode (aerobic, resistance, or combined); 4) exercise intensity (aerobic exercise only — including
binary low/high with cut-offs comprising 60% of maximum CRF, heart rate, or VO, reserve); 5)
exercise amount (aerobic exercise only — low: less than 500kcal per session; mid: between 500-
1000kcal per session; high: greater that 1000kcal per session); and 6) baseline BMI (trinary as
mean or beyond £ 1 SD). We only evaluated exercise adherence for groups that followed
aerobic or combined aerobic and resistance training as exercise expended calories were not used
to characterize adherence to resistance training. Because Bayesian analyses estimates subjective
probabilities, we subjectively interpreted differences in proportions across moderators rather than
identifying influential moderators with objective cut-offs. For example, because confidence
intervals do not provide any distributional information (e.g. unclear whether most likely
proportion is at the center or outskirts of the confidence interval), a frequentist approach using
confidence intervals may limit us to identifying moderators as being influential only if
confidence intervals do not overlap (e.g. high intensity confidence interval lay fully above low

intensity confidence interval). However, this conservative approach is unwarranted with

12
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Bayesian analyses because each proportion represents the most probable estimate (i.e. the center
of the credible interval is indeed the most likely proportion). Therefore, our subjective
interpretations looked for patterns in proportions across levels (e.g. proportions increasing from 4
to 6 to 8 months) and noted whether results were consistent with standard exercise theory (e.g.
higher exercise dose resulting in larger proportions [17]). It is important to note that the
proportion of individuals exceeding the MCID was based on a modelling approach of the change
distributions and not dichotomisation of individual results (e.g. direct calculation of proportion
from the sample) which substantially reduces the amount of information available and fails to
account for uncertainty in individual measurements. We therefore did not use the terms

“responder” or “non-responder” when interpreting our results.

Weakly informative Student-t prior and half-t priors with 3 degrees of freedom and scale
parameter equal to 2.5 were used for intercept and variance parameters for the hierarchical
distributional models [41]. All analyses were performed using the R wrapper package brms
interfaced with Stan to perform sampling [42] and the R package bridgesampling to calculate
Bayes factors. Convergence of parameter estimates was obtained for all models with Gelman-

Rubin R-hat values below 1.1 [43].

3 - Results

3.1 — Cardiorespiratory fitness

The best model fit for CRF change scores (Figure 1) was obtained using a t-distribution
(expected log predictive density [elpd] difference: t-distribution vs. normal skew = 3.0 times
standard error; t-distribution vs. normal = 4.0 times standard error). The base IPD model

estimated a mean change of 2.2 ml/kg/min [90%CrlI: 1.5 to 3.0] for exercise and -0.29 ml/kg/min

13
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[90%CrI: -1.0 to 0.6] for control. The base IPD model also estimated a standard deviation of
change scores of 3.4 [90%Crl: 2.9 to 3.9] and 3.5 [90%CrlI: 2.9 to 4.2] for exercise and control.
The average Bayes factor was less than 1.0 and identified moderate evidence (average Bayes
factor = 0.11, range: 0.01 to 0.15) supporting the M> | model, thereby refuting the presence of
interindividual differences in trainability. Substantive overlap of standard deviation of change
scores across all subgroups (Supplemental Table 1) provides additional support refuting the
presence of interindividual differences in trainability. Table 2 presents the estimated proportions
of participants exceeding the MCID of 3.5 mL/kg/min and estimated standard deviations of
change scores with 90% CrI denoting the subjective probabilities. Exercise training had a higher
estimated proportion of participants (estimated proportion, 30% [90% Crl:21 to 41%]) exceeding
the MCID of 3.5 mL/min/kg compared with control (11% [90% CrI:5 to 19%]). Several
moderators appeared to increase estimated proportions of participants exceeding the CRF MCID
in the exercise group consistent with standard exercise theory (Table 2): 1) longer exercise
durations, 2) higher exercise adherence, 3) higher exercise intensity, 4) combined aerobic and
resistance, which was prescribed at a higher exercise dose than aerobic or resistance training
alone [23,24,28], and 5) higher exercise amount. Interestingly, larger mean changes likely
explained larger proportions because proportions increased within a given group (exercise or
control) and within some moderators (duration, baseline BMI and exercise mode) despite larger

estimates of standard deviation of change scores (Table 2).

3.2 - Body Composition Parameters

The best model fit for both waist circumference (Figure 2) and body mass (Figure 3) was
obtained using a t-distribution (elpd difference: t-distribution vs. normal skew = 2.3 to 2.6 times

standard error; t-distribution vs. normal = 3.9 to 5.0 times standard error). The base IPD model

14
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estimated a mean waist circumference change of -2.5 cm [90%Crl: -3.2 to -1.9] for exercise and
-0.04 cm [90%Cr1: -0.8 to 0.6] for control, and a mean body mass change of -1.4 kg [90%CrI: -
2.2 to -0.8] for exercise and -0.02 kg [90%CrI: -0.8 to 0.6] for control. The base IPD model also
estimated a standard deviation of waist circumference change scores of 4.9 cm [90%Crl: 4.2 to
5.6] for exercise and 5.7 [90%CrI: 4.6 to 7.9] for control, and a standard deviation of body mass
change scores of 4.1 kg [90%Crl: 3.5-5.0] for exercise and 4.6 [90%CrI: 3.7 to 6.4] for control.
The average Bayes factor was less than 1.0 for both outcomes and identified “anecdotal”
evidence supporting the M> model (waist circumference: average Bayes factor = 0.47, range:
0.41 to 0.56; body mass: average Bayes factor = 0.39, range: 0.22 to 0.68). Similar to changes in
CREF, substantive overlap of standard deviation of change scores across all subgroups
(Supplemental Tables 2 and 3) provides additional support refuting the presence of
interindividual differences in trainability. Tables 3 and 4 present the estimated proportions of
participants exceeding MCIDs of -2cm and -2kg as well as estimated mean and standard
deviations of change with 90% Crls denoting subjective probabilities for waist circumference
and body mass, respectively. Both outcomes had higher estimated proportion of participants
exceeded MCIDs in exercise (waist circumference: 54% [90% Crl: 48 to 61%]; body mass: 42%
[90% Crl: 34 to 50%]) compared with control groups (waist circumference: 30% [90% Crl: 23 to

38%]; body mass: 26% [90% CrI: 18 to 35%).

Several moderators appeared to increase estimated proportions of participants exceeding
the waist circumference MCID in the exercise group consistent with standard exercise theory
(Table 3): 1) higher exercise adherence, 2) higher exercise intensity, 3) combined aerobic and
resistance compared with aerobic or resistance training alone, and 4) higher exercise amount.

However, longer exercise durations beyond 4 months did not appear to increase proportions

15
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exceeding the MCID for waist circumference. Several moderators also appeared to increase
estimated proportions of participants exceeding the body mass MCID in the exercise group
consistent with standard exercise theory (Table 4): 1) higher exercise adherence, 2) higher
exercise intensity, 3) combined aerobic and resistance training compared with aerobic or
resistance training alone, and 4) higher exercise amounts (low vs. high). Interestingly, longer
exercise durations appeared to decrease the proportions of participants exceeding the body mass
MCID. Additionally, our results indicated an inconsistent pattern with baseline BMI as both
lower (-1SD) and higher (+1SD) levels were associated with larger proportions than mean levels
(£ 1SD). Similar to CRF, many of the most probable estimates of standard deviations of change
scores were larger as proportions increased within a given group (exercise or control) and within
some moderators for waist circumference (exercise duration, mode, and amount; Table 3) and

body mass (baseline BMI, adherence, and exercise amount; Table 4).

4 - Discussion

This was the first IPD meta-analysis to investigate the presence of interindividual
differences in trainability and estimate proportions of participants expected to experience
meaningful benefit in CRF, waist circumference, and body mass. Our results revealed four key
findings: 1) large between-subject variability in observed change scores in both exercise and
control groups; 2) consistent evidence of a lack of interindividual differences in trainability; 3) a
higher proportion of participants exceeding MCIDs following exercise training compared with
control for all three outcomes; and 4) several moderators consistent with standard exercise theory
including higher exercise adherence, intensity, amount, and combined aerobic and resistance

training were associated with higher proportions of participants exceeding MCIDs for all three
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outcomes. Collectively, our results indicate that over periods of 4 to 8 months, individuals can
experience relatively large changes in observed CRF, waist circumference, and body mass. The
variation in these changes is consistent between exercise and control groups, negating the notion
that interindividual differences in trainability explains why individuals appear to differentially
benefit following exercise training. However, compared with control, exercise results in larger
mean changes causing systematic shifts in change score distributions centered around the mean
change. This shift has a substantive effect on the proportion of individuals expected to
experience clinically meaningful benefits in CRF, waist circumference, and body mass.
Accordingly, exercise prescriptions that elicit larger mean changes — such as increasing exercise
amount [18,30,32] — can also shift the overall change distribution and thus further increase the

likelihood of clinically meaningful benefits.

Our findings add to the growing body of work questioning the assumption that variability
in observed responses to exercise training reflects interindividual differences in trainability
[12,14,15,44,45]. Among the meta-analyses questioning this assumption [13—15], we believe the
present IPD meta-analysis provides the most powerful evidence for several reasons: 1) we
included a very large sample size (n = 1,879) gathered from 8 methodologically-robust RCTs
[21-28], 2) we obtained consistent findings across multiple outcomes; 3) we included flexible
and detailed analysis frameworks that assessed the distribution of change scores (e.g. a t-
distribution with wider tails than Gaussian such that more than 5% of participants lay beyond 2
standard deviations), and 4) we demonstrated consistent variances between exercise and control
even when including moderators such as duration and baseline BMI. In addition, the present
IPD meta-analysis extends previous meta-analyses [13—15] by contextualizing the practical

significance (i.e. proportions exceeding MCIDs) of shifted but similar spread change score
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distributions between exercise and control, and across different levels of common exercise
moderators (Tables 2 — 4). However, this assumption may be inappropriate as the inability to
blind group assignment in exercise RCTs may lead to some participants initiating behavioural
changes based on their preference toward their assigned group [46], which in turn can lead to
unequal within-subject variability between groups [6]. There are additional differences between
groups within an RCT that can lead to differences in variance between groups such as (non)-
compliance or pre-randomization susceptibility to adaptation [47]. A within-subjects design in
which participants are repeatedly exposed to both control and exercise interventions avoids this
assumption by directly quantifying error and within-subject variability [48,49]. However, these
study designs are costly, labour intensive, and may introduce additional confounding variables
(e.g. carryover effects) [50]. Therefore, at present, the exercise training literature has yet to

conclusively demonstrate the presence of interindividual differences in trainability.

Although we did not observe evidence of variability caused by exercise training per se,
we did obtain large most probable estimates of standard deviation of change scores (Tables 2 —
4). For instance, the standard deviation of change scores for both exercise and control groups
exceeded the typical errors of measurement reported in the literature (~1-2 mL/kg/min for CRF
[18,51]; ~0.5 cm for waist circumference [52,53], and ~0.5 kg for body mass [52]). Our findings
therefore indicate that individuals experienced real physiological differences in changes in CRF,
waist circumference, and body mass, and that behavioural factors (e.g. sleep, stress, external
physical activity, etc. [4]) may underlie this variance rather than exercise per se. Future work is
needed to investigate the contribution of various behavioural factors on observed changes

following standardized and controlled exercise interventions.
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Regardless of whether a group of individuals respond differently to exercise training,
practitioners in clinical and applied settings remain faced with the challenge of prescribing
exercise at the individual level. Our analyses first found that a higher proportion of exercise
participants were expected to exceed MCIDs for CRF, waist circumference, and body mass
compared with controls, which is consistent with the well-established effect of exercise training
on important health outcomes [54]. Additionally, several moderators consistent with standard
exercise theory — higher exercise amounts, intensities, adherence, and combined aerobic and
resistance training — resulted in higher proportions for all three outcomes. Because standard
deviation of change scores did not shrink with increasing proportions (Tables 2 - 4), larger mean
changes likely explained why certain moderators (e.g. higher exercise amounts) increased
proportions of participants exceeding MCIDs. Thus, although we only explored six potential
moderators, these findings suggest that mean changes would also explain why other moderators
impact response proportions; however, future work is needed to confirm this speculation. We
recently demonstrated that larger mean changes, not reduced interindividual variability, explain
why higher doses of exercise training increase CRF response rates [17]. The present Bayesian
analysis supports our recent finding [17], and suggests that practitioners should prescribe
exercise doses known to elicit large mean changes in order to increase the probability that an
individual experiences a meaningful change in CRF, waist circumference, and body mass.
Whilst substantive imbalances in exercise and control sample sizes were obtained across all
analyses, these imbalances are unlikely to have influenced the findings. Lower sample sizes in
control groups resulted in wider credible intervals for estimates of change score standard
deviations, however, overlap in central estimates were considerable across all analyses leading to

very consistent findings regardless of the outcome variable or moderator investigated.

19



428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

Exercise individual response: IPD meta-analysis

4.1 - Limitations

There are several limitations with the present analysis. First, our Bayes factor analysis
supports the notion that variability in observed changes is confounded by the totality of the
effects of measurement error and variation in behavioural/environmental factors. Our study
design, and the designs of the included trials, did not allow us to determine the extent to which
certain individual behavioural/environmental factors contributed to within-subject variability.
The evidence that subtle changes in sleep quality, stress levels, or other
behavioural/environmental factors impact training adaptations is indirect at best [4], warranting
the need for future designed to test the effects of individual behavioural/environmental on
observed variability. Second, we unfortunately do not have measures of measurement error,
such as coefficients of variation, for CRF, WC, or body mass for each trial and it is possible that
measurement errors varied across trial sites. Given that many previous studies have similarly
reported a lack of interindividual differences to exercise training [10—13,55], we do not believe
potential differences in measurement error across trial sites would have a major impact on our
Bayes factor results. Nevertheless, when possible, future studies should consider incorporating
site-specific measurement error into statistical models for pooled analyses. Third, although our
subgroup analyses revealed a consistent lack of interindividual differences in trainability across
various participant characteristics, all included trails recruited overweight, obese, or diabetic
participants suggesting that our findings are not generalizable to other populations such as lean
and healthy adults. In our recent systematic review [56] we did not identify any study
statistically investigating the presence of interindividual differences in trainability in lean,
healthy adults, thus highlighting another area for future work. Fourth, it is important to

acknowledge that comparing our results in Tables 2-4 are likely outcome-dependent as

20



451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

Exercise individual response: IPD meta-analysis

proportions are determined by mean changes [17] and outcome-specific MCIDs [57]. These
results should therefore be interpreted independently for each outcome and should not be used to
compare proportions across CRF, WC, and body mass. Finally, it is important to recognize that
the use of MCIDs in the present manuscript represents an effect size justified on associations
with clinical outcomes [9,11,35]. Previous discussions have highlighted the limitations of
MCIDs such as the inability to delineate regression to the mean from true responses to an
intervention [58,59]. The use of MCID in the present analysis was meant to provide an easy-to-
understand comparison of proportions between exercise and control groups, and it is important to

consider our results in the context of limitations to MCIDs.

5 - Conclusion

Despite the widespread assumption that individuals respond differently to exercise, the
current [PD meta-analysis provided evidence in favour of no interindividual differences in
trainability for CRF, waist circumference, and body mass. Although exercise training per se
may not explain why individuals differentially benefit from completing ostensibly the same dose
of exercise training, completing exercise training will increase the probability that an individual
will experience a meaningful change in CRF, waist circumference, and body mass. Moreover,
individuals can experience very large changes in these three outcomes following 4 to 9 months
of exercise training with large interindividual variability in observed change scores. It is
therefore expected that behavioural factors (e.g. sleep, nutrition, stress, etc.) can influence
whether an individual experiences clinically meaningful improvements, and researchers should
seek to better understand which external factors are most influential for observed changes in

CREF, waist circumference, or body mass. At present, our results suggest that practitioners
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should prescribe exercise training doses known to elicit large mean changes in order to increase

the probability that an individual will experience meaningful benefits.
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724  Figurs

725  Figure 1. Distribution of change score in cardiorespiratory fitness (CRF) to exercise (green) and

726 control (blue).
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728  Black vertical lines represent estimated mean changes and the dashed red line represents the
729  minimum clinically important difference of +3.5mL/kg/min. Standard deviations are not
730  reported in figures but are illustrated as the width of the distribution curves. Crl, credible

731  intervals.
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736 Figure 2. Distribution of change score in waist circumference to exercise (green) and control

737  (blue).
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739  Black vertical lines represent estimated mean changes and the dashed red line represents the
740  minimum clinically important difference of -2cm. Standard deviations are not reported in figures

741  but are illustrated as the width of the distribution curves. Crl, credible intervals.
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Figure 3. Distribution of change score in body mass to exercise (green) and control (blue).
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but are illustrated as the width of the distribution curves. Crl, credible intervals.
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Table 1. Participant characteristics, sample sizes, and exercise training amounts from the eight randomized controlled trials included in the present individual
participant data meta-analysis.

Trial

Participant Characteristics

Sample Size

Control Group?

Exercise Group 1

Exercise Group 2

Exercise Group 3

DREW

E-MECHANIC

HART-D

HEARTY

Queen’s

STRRIDE

STRRIDE AT/RT

STRRIDE PD

Females who were inactive
and postmenopausal
(age:57.2+6.4)

Sedentary males and females
with overweight or obesity
(age: 47.5+12.0)

Sedentary males and females
with type 2 diabetes
(age: 55.9+8.8)

Inactive postpubertal male
and female adolescents with
overweight or obesity
(age: 15.5+1.3)

Sedentary males and females
with overweight or obesity
(age: 51.1 +£8.1)

Sedentary males and females
with overweight or obesity
(age: 52.6 £6.5)

Sedentary males and females
with overweight or obesity
(age: 49.3+£10.2)

Sedentary males and females
with prediabetes
(age: 60.5+7.4)

465
(03 465%)

195
(513']1442)

269
(1003 | 1699)

138
(503 | 88%)

267
©131176%)

260
(1393 | 1219)

155
(695 862)

130
(503 | 802)

Yes

Yes

Yes

Yes

Yes

Yes

No

Nob®

AT: 4KKW at 50%
CRFmax 3-4d/wk for
6mo

AT: 8KKW at 65-
85% CRFmax 3-5d/Wk
for 6mo

AT: 12KKW at 50-
80% CRFmax 3-5d/wk
for 9mo

AT: 20-45min at 65-
85% HRmax 4d/wk for
6mo

AT: 180(F) or
300(M)kcal at 50%
CRFmax 5d/wk for
6mo

AT: 14KKW at 40-
55% CRFmax for 7-
8mo ?

AT: 14KKW at 65-
80% CRFmax for 8mo

a

AT: 42KJKW at 50%
VO2R for 6mo ?

AT: 8KKW at 50%
CRFmax 3-4d/wk for
6mo

AT: 20KKW at 65-
85% CRFmax 3-5d/wk
for 6mo

RT: 9 x (10-12 reps
over ~2 sets) at 10-
12RM 3d/wk for 9mo

RT: 7 x (8-15 reps
over 2-3 sets) at 8-
15RM 4d/wk for 6mo

AT: 360(F) or
600(M)kcal at 50%
CRFmax 5d/wk for
6mo

AT: 14KKW at 65-
80% CRFmax for 7-
8mo ?

RT: 8 x (8-12 reps
over 3 sets) at 8-
12RM for 8mo #

AT: 67KIKW at 50%
VO2R for 6mo ?

AT: 12KKW at 50%
CRF max 3-4d/wk for
6mo

ATRT: 10KKW at
50-80% CRFmax 3-
4d/wk and same RT
program for 9mo

ATRT: Same AT and
RT program for 9mo

AT: 360(F) or
600(M)kcal at 75%
CRFmax 5d/wk for
6mo

AT: 23KKW at 65-
80% CRFmax for 7-
8mo ?

ATRT: Same AT and
RT program for 8mo ?

AT: 67KIKW at 75%
VO2R for 6mo ?

Original methods or primary results publications: DREW [21], E-MECHANIC [22], HART-D [24], HEARTY [23], Queen’s [25], STRRIDE [26], STRRIDE
AT/RT [28], STRRIDE PD [27]. Age is written as mean + standard deviation years. * Each participant could choose their desired exercise frequency. ® Control
group included lifestyle/dietary intervention, thus excluded from current study; AT, aerobic training; RT, resistance training; ATRT, combined aerobic and
resistance training; KKW, kcals per kg body mass per week; CRFnax, maximal cardiorespiratory fitness; HRmax, maximal heart rate; VO,, reserve oxygen
consumption; KJKW, kilojoule per kg body mass per week; ', number of male participants; 9, number of female participants.
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Table 2. Analysis of relative cardiorespiratory fitness (CRF) change scores and moderator analyses involving exercise vs.
control and exercise only comparisons.

Exercise (90% Credible intervals) Control (90% Credible intervals)

Model or . Stal.ldz.‘rd Proportion > Stal.]dz.‘rd
moderator N Proportion > MCID deviation N MCID deviation
(mL/kg/min) (mL/kg/min)
Exercise vs. control
Base Model 1378 0.30 (0.21-0.41) 3.4(2.9-3.9) 329 0.11 (0.05-0.19) 3.5(2.94.2)
Exercise vs. control moderators
Duration
4 months 158 0.20 (0.09-0.32) 3.0 (2.2-3.6) 23 0.07 (0.01-0.15) 3.0 (2.2-3.8)
6 months 804 0.27 (0.17-0.39) 3.4 (2.7-4.1) 237 0.11 (0.04-0.20) 3.5(2.7-44)
8 months 416! 0.35 (0.25-0.46) 4.1 (3.3-5.2) 692 0.16 (0.08-0.26) 4.3 (3.3-5.9)
Baseline BMI
-1SD 0.29 (0.20-0.40) 3.4 (2.8-3.9) 0.11 (0.06-0.19) 3.5(2.9-4.3)
Mean 1376 0.31(0.22-0.42) 3.5(2.94.1) 329 0.13 (0.07-0.21) 3.8 (3.0-4.7)
+1SD 0.27 (0.18-0.39) 3.2 (2.7-3.8) 0.11 (0.05-0.18) 3.4(2.7-4.1)
Exercise only moderators
Exercise Adherence

Low (<70%) 73
High (>70%) 1252
Exercise Intensity
Low (<60%) 498
High (=60%) 690
Exercise Mode
Aerobic 1188
Resistance 97

Combined 93

Exercise Amount ¢
Low 145
Mid 291
High 749

0.21 (0.10-0.34)
0.30 (0.19-0.44)

0.21 (0.09-0.34)
0.37 (0.22-0.52)

0.28 (0.17-0.41)
0.24 (0.15-0.36)
0.40 (0.31-0.50)

0.22 (0.13-0.33)
0.27 (0.16-0.39)
0.36 (0.23-0.48)

3.6 (3.0-4.2)
3.6 (2.9-4.1)

3.6 (2.5-4.4)
4.4 (3.3-6.5)

3.5 (2.9-4.0)
3.4(2.8-3.9)
4.9 (3.8-6.8)

3.9 (3.1-5.2)
44 (3.5-5.5)
3.7(2.9-4.5)

N: Number of individuals included in the IPD model. Proportion > MCID: The proportion estimated to meet or exceed the
minimal clinically important clinical difference, with 90% credible intervals denoting Bayesian subjective probabilities.

Combines participants from intervention durations of 8 and 9 months. ® Intensities were prescribed as percentages of different
variables across studies (see Table 1 for details). ° Low, mid, and high exercise amounts categorized as less than 500kcal,

between 500 and 1000, and greater than 1000 kcals prescribed per sessions.
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Table 3. Analysis of relative waist circumference change scores and moderator analyses involving exercise vs. control and

exercise only comparisons.

Exercise (90% Credible intervals)

Control (90% Credible intervals)

moderatyr N Proportionzmem SRR N DT devition (em)
Exercise vs. control
Base Model 1475 0.54 (0.48-0.61) 4.9 (4.2-5.6) 359 0.30 (0.23-0.38) 5.7 (4.6-7.9)
Exercise vs. control moderators
Duration
4 months 159 0.52 (0.41-0.61) 4.5 (3.6-5.6) 31 0.26 (0.17-0.35) 5.6 (4.0-8.9)
6 months 807 0.53 (0.46-0.61) 4.8 (4.1-5.6) 248 0.29 (0.20-0.37) 5.7 (4.4-8.1)
8 months 509! 0.54 (0.48-0.61) 5.3 (4.4-6.4) 802 0.31 (0.23-0.40) 5.8 (4.6-8.1)
Baseline BMI
-1SD 0.54 (0.48-0.61) 4.8 (4.1-5.6) 0.29 (0.22-0.37) 53 (4.4-7.2)
Mean 1475 0.53 (0.46-0.61) 4.4 (3.8-5.2) 359 0.26 (0.19-0.35) 4.9 (4.0-6.9)
+1SD 0.56 (0.50-0.62) 5.2 (4.5-6.1) 0.32 (0.24-0.40) 5.9 (4.8-8.2)
Exercise only moderators
Exercise Adherence

Low (<70%) 98
High (>70%) 1325

Exercise Intensity ®
Low (<60%) 515
High (>60%) 681

Exercise Mode
Aerobic 1196
Resistance 140

Combined 139

Exercise Amount ¢

Low 142
Mid 293
High 759

0.39 (0.30-0.47)
0.56 (0.48-0.63)

0.4 (0.35-0.55)
0.54 (0.46-0.62)

0.53 (0.45-0.62)
0.46 (0.37-0.56)
0.61 (0.54-0.68)

0.43 (0.30-0.61)
0.45 (0.35-0.53)
0.56 (0.47-0.62)

5.1 (4.1-6.1)
4.9 (4.2-5.7)

4.9 (4.0-5.8)
4.8 (4.0-5.7)

5.1 (4.3-5.9)
4.8 (4.0-5.9)
5.2 (4.4-6.2)

4.5 (3.5-6.5)
4.7 (3.8-5.7)
5.1 (4.2-6.1)

N: Number of individuals included in the IPD model. Proportion > MCID: The proportion estimated to meet or exceed the
minimal clinically important clinical difference, with 90% credible intervals denoting Bayesian subjective probabilities.

Combines participants from intervention durations of 8 and 9 months. ® Intensities were prescribed as percentages of different

variables across studies (see Table 1 for details). ° Low, mid, and high exercise amounts categorized as less than 500kcal,

between 500 and 1000, and greater than 1000 kcals prescribed per sessions.
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Table 4. Analysis of relative body mass change scores and moderator analyses involving exercise vs. control and exercise
only comparisons.

Exercise (90% Credible intervals) Control (90% Credible intervals)

Joder N pepemzvicn  Sod |y P S
Exercise vs. control
Base Model 1535 0.42 (0.34-0.50) 4.1(3.5-5.0) 375 0.26 (0.18-0.35) 4.6 (3.7-6.4)
Exercise vs. control moderators
Duration
4 months 159 0.47 (0.36-0.57) 3.9 (3.0-5.1) 31 0.28 (0.18-0.39) 4.43.2-7.3)
6 months 823 0.43 (0.35-0.51) 4.1 (3.3-5.0) 247 0.26 (0.18-0.35) 4.5(3.5-6.4)
8 months 553! 0.39 (0.33-0.47) 4.4 (3.5-5.5) 972 0.25 (0.17-0.33) 4.7 (3.6-6.8)
Baseline BMI
-1SD 0.42 (0.35-0.51) 3.9 (3.34.5) 0.25 (0.18-0.35) 4.3 (3.5-5.7)
Mean 1535 0.35 (0.27-0.46) 3.4 (2.9-4.0) 375 0.19 (0.11-0.29) 3.8(3.0-5.2)
+1SD 0.48 (0.41-0.56) 4.5 (3.8-5.3) 0.31 (0.24-0.40) 4.9 (4.0-6.7)
Exercise only moderators
Exercise Adherence
Low (<70%) 108 0.31(0.22-0.41) 4.0 (3.2-4.9)
High (=70%) 1376 0.42 (0.33-0.52) 4.6 (3.6-6.2)
Exercise Intensity ®
Low (<60%) 550 0.37 (0.26-0.48) 4.0 (3.3-4.9)
High (>60%) 699 0.43 (0.34-0.54) 4.0 (3.3-4.8)
Exercise Mode
Aerobic 1249 0.42 (0.34-0.51) 4.2 (3.4-5.1)
Resistance 141 0.30 (0.22-0.41) 4.9 (3.8-5.1)
Combined 145 0.52 (0.46-0.59) 4.4 (3.5-5.2)
Exercise Amount ¢
Low 145 0.25 (0.14-0.37) 3.0 (2.6-3.5)
Mid 301 0.36 (0.27-0.47) 3.4 (2.9-4.0)
High 803 0.44 (0.33-0.53) 4.1 (3.5-6.0)

N: Number of individuals included in the IPD model. Proportion > MCID: The proportion estimated to meet or exceed the
minimal clinically important clinical difference, with 90% credible intervals denoting Bayesian subjective probabilities.

Combines participants from intervention durations of 8 and 9 months. ® Intensities were prescribed as percentages of different

variables across studies (see Table 1 for details). ° Low, mid, and high exercise amounts categorized as less than 500kcal,

between 500 and 1000, and greater than 1000 kcals prescribed per sessions.
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Supplementary tables

Supplemental Table S1. Estimated means, standard deviations (SD), and proportions exceeding minimum clinically important difference (MCID) for changes in
cardiorespiratory fitness (CRF) by participant characteristic subgroups.

Exercise
(90% Credible intervals)

Control
(90% Credible intervals)

Subgroup

Males
Females

Non-diabetic

Diabetic or pre-
diabetic

Adolescents
Adult
Aerobic
Resistance

Combined

461

948

1102

191

&5

1293

1188

97

93

Mean
(mL/kg/min)

32(22t04.2)
1.9 (1.4 to 42.6)
2.8 (2.1t03.7)
1.5 (0.91 to 1.8)
1.4 (0.72 t0 2.2)
2.4 (1.7103.3)
2.3 (1.5 t0 3.0)
2.1(1.4102.9)

3.0(2.2t03.8)

SD
(mL/kg/min)

3.9 (3.3 to 4.4)
3.2 (2.7 10 3.6)
3.5 (3.0 t0 3.9)
2.6 (2.3 t0 3.4)
3.3 (291t04.1)
3.4(2.8103.8)
3.4(2.7103.8)
3.3(2.7103.8)

44 (3.61052)

Proportion > MCID

0.43 (0.32t0 0.55)
0.27 (0.19 t0 0.36)
0.39 (0.28 t0 0.49)
0.17 (0.11 t0 0.21)
0.18 (0.11 to 0.22)
0.32 (0.22 to 0.44)
0.28 (0.17 t0 0.41)
0.26 (0.19 to 0.39)

0.39 (0.29 to 0.49)

N

90

242

274

10

45

284

329

329

329

Mean
(mL/kg/min)

-0.62 (-1.6 to 0.50)
-0.19 (-0.81 t0 0.55)
0.03 (-0.73 to 0.86)
-0.68 (-2.4 to 0.44)
-0.19 (-0.86 t0 0.53)
-0.24 (-0.98 to 0.64)
-0.22 (-0.94 to 0.63)
-0.22 (-0.96 t0 0.61)

-0.24 (-0.95 t0 0.59)

SD
(mL/kg/min)

3.4 (2.8104.2)
3.5 (2.9 to 4.4)
3.5 (3.0 t0 4.3)
3.4 (2.9 t0 4.5)
3.5(3.0t03.9)
3.4 (2.8104.2)
3.5 (3.1t 4.6)
3.5(3.1t04.3)

3.6 (3.2t0 4.4)

Proportion > MCID

0.11 (0.05 t0 0.21)
0.10 (0.06 to 0.18)
0.14 (0.07 t0 0.21)
0.11 (0.08 t0 0.17)
0.16 (0.07 to 0.19)
0.12 (0.05 to 0.20)
0.11 (0.06 to 0.20)
0.11 (0.05 to 0.20)

0.11 (0.05 t0 0.19)




Supplemental Table S2. Estimated means, standard deviations (SD), and proportions exceeding minimum clinically important difference (MCID) for changes in waist
circumference by participant characteristic subgroups.

Exercise
(90% Credible intervals)

Control
(90% Credible intervals)

Subgroup

Males
Females

Non-diabetic

Diabetic or pre-
diabetic

Adolescents
Adult
Aerobic
Resistance

Combined

N

430

1014

1081

308

326

1389

1196

140

139

Mean
(cm)

-3.0 (-4.8 to -0.84)
2.3 (2.9 t0 -1.7)
2.3 (:3.1t0-1.7)
1.5 (-1.9 to -1.3)
4.9 (-5.5 t0 -3.5)
2.3(-2.91t0-1.7)
2.6(-3210-1.7)
2.4 (-3.0to -1.8)

2.9 (-3.6t0-2.3)

SD
(cm)

4.9 (4.2t0 5.6)
4.7 (4.11t0 5.5)
4.8 (4.1t05.7)
4.1 (3.3t0 4.9)
5.5(5.2105.8)
4.7 (4.0 t0 5.5)
4.9 (4.2105.7)
4.7 (4.1t0 5.5)

5.1(4.2t05.8)

Proportion > MCID

0.58 (0.48 to 0.68)
0.52 (0.46 to 0.58)
0.52 (0.45 to 0.60)
0.43 (0.39 to 0.47)
0.70 (0.62 to 0.78)
0.52 (0.45 to 0.59)
0.54 (0.48 t0 0.61)
0.47 (0.42 t0 0.57)

0.61 (0.53 to 0.68)

87

269

272

35

36

307

359

359

359

Mean
(cm)

0.03 (-1.0 to 1.0)
-0.09 (-0.79 to 0.60)
-0.01 (-0.85 t0 0.75)
0.99 (0.12 to 2.1)
-0.63 (-1.4 t0 0.22)
0.06 (-0.69 to 0.75)
-0.02 (-0.70 to 0.68)
-0.02 (-0.70 to 0.67)

-0.03 (-0.72 to 0.65)

SD
(cm)

42 (3.5t05.3)
6.0 (4.7 to 7.4)
5.9 (4.6 t0 7.6)
3.5(3.24.0)
5.6 (5.0t0 6.1)
5.6 (4.5t0 7.8)
5.6 (4.5 t0 7.6)
5.6 (4.5t0 7.8)

5.6 (4.4t0 5.6)

Proportion > MCID

0.29 (0.20 to 0.40)
0.30 (0.23 to 0.37)
0.30 (0.22 to 0.39)
0.20 (0.12 to 0.27)
0.29 (0.24 to 0.44)
0.29 (0.22 to 0.37)
0.29 (0.22 to 0.37)
0.29 (0.22 to 0.37)

0.29 (0.23 to 0.38)




Supplemental Table S3. Estimated means, standard deviations (SD), and proportions exceeding minimum clinically important difference (MCID) for changes in body mass
by participant characteristic subgroups.

Exercise
(90% Credible intervals)

Control
(90% Credible intervals)

Subgroup

Males
Females

Non-diabetic

Diabetic or pre-
diabetic

Adolescents
Adult
Aerobic
Resistance

Combined

N

489

1046

1123

326

86

1449

1249

141

145

Mean
(cm)

-1.7 (-2.9 to -0.60)
-1.4 (-2.0 to -0.89)
1.8 (-2.6 to -1.1)
-1.0 (-1.5 to -0.62)
-1.0 (-1.8 to -0.31)
-1.6 (-2.4 t0 -0.99)
1.4 (-2.2 10 -0.71)
-1.2 (-2.0 to -0.54)

-1.6 (2.4 to -0.83)

SD
(cm)

5.2 (4.0 to 6.6)
3.7 (3.3 to 4.4)
3.7(32t04.2)
3.4 (3.1t03.8)
5.6 (4.0 to 7.0)
3.8 (3.410423)
3.9 (3.4 t0 4.6)
4.0 (3.4 t04.8)

4.1 (3.5 t0 5.0)

Proportion > MCID

0.45 (0.36 to 0.56)
0.41 (0.34 to 0.49)
0.44 (0.35 to 0.54)
0.35 (0.31 to 0.42)
0.44 (0.33 to 0.48)
0.42 (0.35 to 0.52)
0.41 (0.33 to 0.50)
0.38 (0.30 to 0.47)

0.48 (0.40 to 0.57)

N

99

276

287

36

52

323

375

375

375

Mean
(cm)

0.62 (-0.66 to 1.8)
-0.22 (-0.87 to 0.35)
-0.48 (-1.3 t0 0.23)
0.18 (-1.7to L.1)
1.6 (-0.05 to 2.4)
-0.25 (-1.1 to 0.41)
0.03 (-0.77 to 0.73)
0.04 (-0.77 to 0.73)

0.03 (-0.77 to 0.73)

SD
(cm)

4.6 (3.5106.2)
44 (3.6106.7)
4.1 (3.3t05.9)
4.5 (4.0t05.2)
6.2 (5.1t07.3)
43 (3.6105.8)
44 (3.6105.8)
4.4 (3.6 0 6.0)

4.4 (3.6 10 5.8)

Proportion > MCID

0.23 (0.13 to 0.37)
0.27 (0.20 to 0.35)
0.28 (0.19 to 0.39)
0.30 (0.25 to 0.48)
0.19 (0.15 to 0.23)
0.26 (0.18 to 0.36)
0.25 (0.18 to 0.34)
0.25 (0.18 to 0.35)

0.25 (0.18 to 0.34)
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