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ABSTRACT

Previous studies have concluded that wide variance in changes in insulin sensitivity markers
following exercise training demonstrates heterogeneity in individual trainability. However, these
studies frequently don't account for technical, biological, and random within-subject
measurement error. We used the standard deviation of individual responses (SDjg) to determine
whether interindividual variability in trainability exists for fasting and postprandial insulin
sensitivity outcomes following low-volume sprint interval training (SIT). We pooled data from 63
untrained participants who completed 6 weeks of SIT (n = 49; VO,max: 35 (7) mL-kg~'-min™") or
acted as no-intervention controls (n=14; VO,max: 34 (6) mL-kg~'-min™"). Fasting and oral
glucose tolerance test (OGTT)-derived measures of insulin sensitivity were measured pre- and
post-intervention. SDjg values were positive and exceeded a small effect size threshold for changes
in fasting glucose (SD\r=0.27 [95%Cl 0.07,0.38] mmol-L~"), 2-h OGTT glucose (SDjr=0.89 [0.22,1.23]
mmol-L™"), glucose area-under-the-curve (SDig=66.4 [—81.5,124.3] mmol-L™"-120min~") and The
Cederholm Index (SDr=7.2 [-16.0,19.0] mg:I>mmol™"-mU~"-min™"), suggesting meaningful
individual responses to SIT, whilst SDjrz values were negative for fasting insulin, fasting insulin
resistance and insulin AUC. For all variables, the 95% Cls were wide and/or crossed zero,
highlighting uncertainty about the existence of true interindividual differences in exercise
trainability. Only 2-22% of participants could be classified as responders or non-responders with
more than 95% certainty. Our findings demonstrate it cannot be assumed that variation in changes
in insulin sensitivity following SIT is attributable to inherent differences in trainability, and reiterate
the importance of accounting for technical, biological, and random error when examining
heterogeneity in health-related training adaptations.

Highlights

 This study tested whether true interindividual variability exists for changes in insulin sensitivity and
glyceamic control following 6-weeks of low volume sprint interval training (SIT).

» The high level of technical, biological, and random error associated with repeated measurements of
insulin sensitivity and glycaemic control, means we can neither confidently conclude that there is
evidence of true interindividual differences in the trainability of these outcomes following SIT, nor
confidently identify responders or non-responders for such parameters.

o Researchers contrasting responders vs. non-responders for a given parameter, either to understand
mechanisms of adaptation and/or develop physiological/genetic/epigenetic predictors of
response, need to be aware that identification of responders and non-responders with sufficient
certainty may not be achievable for parameters with a high level of technical, biological, and
random error.

KEYWORDS
Exercise; training; health;
metabolism; physiology

1. Introduction

Exercise training improves various biomarkers of cardio-
metabolic health on average, but at an individual level,
the magnitude of observed change can be highly vari-
able (Wilmore et al., 2001). For example, the HERITAGE

family study reported a 10% mean increase in postpran-
dial insulin sensitivity following 24 weeks of aerobic
training, yet ~40% of individuals showed either no
change or a numerical decrease of varying magnitude
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(Boulé et al., 2005). Similar variability was observed for
changes in blood pressure, blood lipids, fasting insulin
sensitivity, and body composition (Wilmore et al,
2001). These observations have often been taken to
infer the presence of inherent interindividual differences
in exercise “trainability” (i.e. how much an individual
improves in response to exercise) and used as a justifica-
tion to explore its physiological determinants (Sparks,
2017). However, many studies that present and evaluate
individual responses to exercise interventions fail to
account for technical, biological, and random within-
subject variability in their outcome through the
inclusion of a no-intervention control group (Williamson
et al, 2017). The limitations of making inferences on
interindividual variability in response to an intervention
in the absence of a control condition are now well estab-
lished and, therefore, for many outcomes, the presence
of true interindividual responses to exercise training
requires reappraisal (Atkinson & Batterham, 2015;
Bonafiglia et al., 2019; Williamson et al., 2017).
Establishing whether there are true interindividual
differences in the response to different types of exercise
is important because it provides the basis (or lack of) for
further studies aiming to contrast responders vs. non-
responders to interventions to elucidate mechanisms
of adaptation and to develop physiological/genetic/epi-
genetic predictors and/or moderators/mediators of indi-
vidual response (Atkinson & Batterham, 2015). This in
turn will be a vital step to enable precision exercise,
which aims to prescribe individually tailored exercise
interventions to optimise improvements in health
(Atkinson et al., 2018). If there is no evidence of individ-
ual responses beyond the variation caused by technical,
biological, and random error, then such objectives will
not be appropriate or achievable. It is possible to quan-
tify the likelihood that a given individual participant in a
study did or did not respond to the intervention, but if
too many individuals are incorrectly labelled as respon-
ders or nonresponders then this will invalidate the analy-
sis. Furthermore, true interindividual variation in
response to exercise on a group level can be established
by calculating the standard deviation of individual
responses (SDg), which compares the variation (i.e. SD)
in response to an (exercise) intervention with the
“natural” variation of change in a control condition
where no intervention has been implemented (Atkinson
& Batterham, 2015; Hopkins, 2015). A positive SDjg indi-
cates that variability in response to the intervention
exceeds the variation of change in the control condition
(Atkinson & Batterham, 2015; Hopkins, 2015). If the 95%
Cl of this SD\g does not span zero, this indicates that true
interindividual responses to the intervention may exist.
Conversely, small positive or negative SDjg values with

trivial effect sizes reflect the absence of a meaningful
difference between the variability in the control group
and the intervention group, and therefore offer no
support for the existence of true interindividual variabil-
ity in training response. A negative SD\g with a 95% Cl
that does not span zero may either indicate a potential
“homogenising” effect of the intervention, or additional
sources of error in the control group that were not - or
were to a lesser extent — present in the experimental
group (Atkinson & Batterham, 2015; Hopkins, 2015).

The SDjr has previously been employed to provide
evidence of true interindividual differences in trainability
of mean arterial blood pressure and maximal oxygen
uptake following high-intensity interval or sprint interval
training (Phillips et al., 2017; Metcalfe & Vollaard, 2021).
On the other hand, recent meta-analyses have not
been able to find evidence of meaningful individual
differences in the trainability of either maximal oxygen
uptake (Bonafiglia et al, 2021) or blood pressure
(Kelley et al., 2020) following aerobic exercise training.
In addition, a mixture of mostly trivial/small positive
and negative SDjg values have been reported for
changes in body composition (Hammond et al., 2019;
Walsh et al,, 2019) and, overall, meta-analyses find no
meaningful interindividual variation in weight and fat
loss after training (Bonafiglia et al., 2021; Kelley et al.,
2021, 2020; Williamson et al., 2018). Similarly, Bonafiglia
et al. (2021) were unable to demonstrate consistent
interindividual differences for various molecular adap-
tations in skeletal muscle.

An improvement in insulin sensitivity is a classic
health-related adaptation observed following various
modes of exercise including low volume sprint interval
training (Babraj et al., 2009; Gillen et al., 2016; Hawley
& Gibala, 2012; Metcalfe et al., 2012). However, although
several studies have alluded to interindividual differ-
ences in changes in insulin sensitivity following exercise
training (Alvarez et al., 2017; Brennan et al., 2020; Gray
et al, 2018), only one study has utilised the SDjy to
explore whether there is evidence of true interindividual
variability in response beyond observed technical, bio-
logical, and random within-subjects variability, and this
was limited to fasting glucose concentrations (Walsh
et al., 2019). No studies have employed the SDjR to
explore changes in postprandial measures of insulin sen-
sitivity and glycaemic control, and no studies have
attempted to quantify or report the likelihood of individ-
ual participants being responders or non-responders for
these parameters. Furthermore, no study has examined
interindividual responses for insulin sensitivity indices
in response to sprint interval training (SIT) interventions
with very low exercise volume. Thus, the aim of this
paper was to quantify interindividual variability in



changes of fasting and postprandial insulin sensitivity in
response to 6 weeks of low-volume, time-efficient SIT.

2, Methods
2.1. Participants/sample

The sample for this exploratory analysis was derived
from two previously published studies conducted in
our laboratories (Metcalfe et al., 2016, 2012). In total,
this included 49 pooled training participants (23 male,
26 female; age: 31 (10) y; Body Mass Index (BMI): 24 (3)
kg-m~2 VO,max: 34.9 (7.1) mL-kg™"-min~") who under-
went 6 weeks of supervised laboratory-based SIT and
14 no intervention control participants (6 male, 8
female; age: 20 (2) y; BMI: 24 (4) kg-m~2, VO,max: 33.8
(5.5) mL-kg~"-min™") who completed two oral glucose
tolerance tests (OGTTs) over a similar time frame. The
control participants were drawn from one study (Met-
calfe et al.,, 2012) whilst the training participants were
pooled from both studies (Metcalfe et al., 2016, 2012).
The inclusion/exclusion criteria were similar across
both studies. All participants were low/moderately
active based on the International Physical Activity Ques-
tionnaire (Craig et al.,, 2003). Anyone with contraindica-
tions to high-intensity exercise were excluded. Ethical
approval was granted for both studies (approval refer-
ences are available in the original articles (Metcalfe
et al, 2016, 2012)) and all participants provided
informed consent.

2.2. Oral glucose tolerance testing (OGTT)

Indices of insulin sensitivity and glycaemic control were
assessed pre- and post-training using an OGTT. For par-
ticipants in the exercise training group, the pre-training
OGTTs were performed two weeks prior to the first train-
ing session, whilst post-training OGTTs took place 3 days
following the final training session. For participants in
the no-intervention control group, the two OGTTs
were performed approximately 8 weeks apart and they
were asked to maintain their current diet and physical
activity patterns in between. A gap of 8 weeks was left
between the two OGTTs to try and ensure that female
participants in both groups would be in a similar stage
of their menstrual cycle; however, this was not formally
assessed.

To remove the confounding effect of acute physical
activity on insulin action, participants were asked to
avoid moderate-to-vigorous physical activity in the 3
days prior to the OGTT. In addition, they were asked to
avoid alcohol for 1 d prior. The OGTTs were performed
in the morning between 07:30 and 09:30 am following
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an overnight fast from 10:00 pm the previous evening.
On arrival to the lab, participants rested quietly for
10 min, and then a fasting venous blood sample was
obtained from an antecubital vein. Further venous
blood samples were then drawn 60 and 120 min after
participants consumed a drink containing 75g of
glucose. Although further blood samples at 30 and
90 min were collected and are reported in one study
(Metcalfe et al, 2016), these were excluded here to
ensure consistency in the calculation of outcome
measures such as area-under-the-curves (AUCs) across
participants in this analysis. Blood samples were col-
lected into precooled plastic tubes containing ethylene-
diaminetetraacetic acid, centrifuged to separate the
plasma, frozen and stored, and then analysed for
plasma glucose and insulin concentrations. The full pro-
tocol of the OGTTs is available in the original manu-
scripts (Metcalfe et al., 2016, 2012). We derived several
different indices of glycaemic control and insulin sensi-
tivity from the OGTTs. Fasting-based measures were
fasting glucose, fasting insulin, and the homeostasis
model of insulin resistance (HOMA2-IR) (Wallace et al.,
2004). Postprandial or dynamic measures were the
total AUCs for the glucose and insulin response to the
glucose load (calculated using the trapezoid rule), the
OGTT 2-h glucose concentration, and the Cederholm
Index of insulin sensitivity (Cederholm & Wibell, 1990).

2.3. Sprint interval training

Training group participants completed a 6-week super-
vised cycling-based SIT intervention (reduced-exertion
high-intensity interval training (REHIT)) with a frequency
of 3 sessions per week (18 sessions in total). Each training
session consisted of a 3-min low intensity (60 W or
unloaded pedalling) warm up, followed by one (first
session) or two (all other sessions) all-out sprints inter-
spersed with low-intensity recovery. The all-out sprints
were performed against a fixed resistance of 5% (Metcalfe
etal., 2016) or 7.5% (Metcalfe et al., 2012) of participants’
pre-training body mass and increased in duration from 10
sinweek 1,to 15 s in weeks 2 and 3, and finally to 20 s in
the final 3 weeks. For each sprint, participants increased
their cadence to their maximal in the 3 s prior, the resist-
ance was applied to the flywheel, and then they main-
tained the highest possible cadence for the duration of
the sprint. The sessions were performed on a Monark fric-
tion-braked cycle ergometer (Monark, Vansbro, Sweden).

2.4. Statistical analysis

To assess the group level changes in all insulin sensitivity
and glycaemic control variables following SIT, a two-way
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repeated measures analysis of variance (ANOVA) (group
X time) was performed in Graphpad Prism 8 for macOS
(Version 8.4.2, San Diego, Cal, USA). The main statistic
of interest was the group X time interaction. Alpha
was set at p<0.05.

The SD\gr was calculated from the square root of the
difference between the square of the SD of the change
in the exercise training group (SDex) and the control
group (SDcon) (Atkinson & Batterham, 2015):

SDr = +/(SDex)*~(SDcon)?

The 95% confidence intervals (Cls) for the SD;g were
calculated using the method described by Hopkins
(2015). In instances where the SDcon Was greater than
the SDgy, the SDjr equation was reversed and the SDjg
is reported as a negative value (Hopkins, 2015). Standar-
dised effect sizes were calculated by dividing the SDz by
the standard deviation of the baseline scores in the
control condition (Hopkins, 2015). The thresholds for
interpreting the effect size were 0.1 (small), 0.3 (moder-
ate), 0.6 (large), 1.0 (very large) and 2.0 (extremely large)
(Hopkins, 2015).

Individual responses were classified using 95% Cls
derived from the typical error of measurement, which
was calculated using the formula recommended by
Swinton et al. (2018):

TE = SDcon/2

Responses were then classified against a small effect
size of 0.2 x baseline SD of the control group. If the
entire 95% Cl lay beyond a small beneficial or a small
harmful effect size then they were classified as a “respon-
der” or “adverse responder”, respectively (Bonafiglia
et al.,, 2018). If the full 95% Cl lay within the cut point
for a small beneficial effect (and didn't lie beyond a
small adverse effect) then they were classified as a
“non-responder”, and if it crossed the cut point for a
small beneficial effect the response was classified as
“uncertain” (Bonafiglia et al., 2018).

3. Results
3.1. Group effects

For fasting glucose, fasting insulin, HOMA2-IR and the
OGTT 2 h glucose, there were no differences in the
change over time between the SIT group and the
control group (p>0.05 for all groupxtime interaction
effects; Table 1 and Figure 1). For glucose AUC, insulin
AUC and the Cederholm Index, there were significant
groupxtime interaction effects suggesting an improved
response in the SIT group compared to the control
group (all p<0.05; Table 1 and Figure 1).

3.2. Interindividual responses

We observed a positive SD\g for fasting glucose, the
OGTT 2 h glucose, glucose AUC and the Cederholm
Index; however, in each case, the 95% confidence inter-
vals were wide and for glucose AUC and the Cederholm
index they spanned zero (Table 1 and Figure 1). The
effect size of the SD,g would be considered small for
glucose AUC and the Cederholm Index (d=0.29 and
0.27, respectively), moderate for OGTT 2 h glucose (d =
0.58), and large for fasting glucose (d=0.73) (Table 1
and Figure 1). On the other hand, we observed a nega-
tive SDjg for fasting insulin, HOMA2-IR, and insulin AUC
(Table 1 and Figure 1), demonstrating that the variability
in the control group responses exceeded the variability
in the SIT group responses. The inferences for fasting
insulin and HOMA2-IR were unaltered when a potentially
influential control participant with a —80.3 pmol-L™"
change in fasting insulin was removed from the analysis:
the SD\z remained negative for both fasting insulin
(SDjg=—6.34, 95% Cl: —16.3,13.8 pmol-L™!, d=-0.17)
and HOMA2-IR (SDjg=—0.10, 95% Cl: —0.33,0.31 arbitrary
units, d=-0.12).

For all variables, only a very small number of partici-
pants could confidently be classified as either a “respon-
der” or a “non-responder”, with the majority of
responses being classified as “uncertain” (Figure 2). The
proportion of “uncertain” responses was 78% for
fasting glucose, 81% for 2-h glucose, 92% for glucose
AUC, 94% for insulin AUC, 96% for the Cederholm
Index, 98% for HOMA2-IR and 98% for fasting insulin
(Figure 2).

4, Discussion

This study examined whether meaningful interindividual
variability in changes of fasting and OGTT-derived
insulin sensitivity occurs in response to low-volume,
time-efficient SIT. We found a negative SDjy for
changes in fasting insulin, fasting insulin resistance,
and for the insulin response to the OGTT - evidence
that no meaningful interindividual variability in training
response exists for these outcomes. On the other hand,
we found a positive SD for fasting glucose, the glucose
response to the OGTT, and postprandial insulin sensi-
tivity. However, in each case, the 95% confidence inter-
vals were wide and/or spanned zero, meaning that a
high level of caution is warranted about the occurrence
of additional variability in the SIT group compared to the
control group. This is particularly true for the variables
where we found no evidence of a mean training effect
following SIT (fasting glucose, OGTT 2 h glucose), as
true variability in training response in the absence of
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Table 1. Mean changes and interindividual variability for changes in fasting and postprandial insulin sensitivity and glycaemic control.

Effect size
p-value SDig [95% ClI [95% Cl
Qutcome SIT Control (interaction) limits] limits]
Baseline Delta Baseline Delta
Fasting Glucose (mmoI-L_1) 5.03 (0.45) 0.00 (0.36) 5.22 (0.38) 0.09 (0.24) 0.394 0.27 [0.07, 0.73 [0.19,
0.38] 1.01]
Fasting Insulin (pmo|~L_1) 44.5 (29.6) 0.95 (14.87) 84.6 (37.4) —9.47 (25.62) 0.058 —20.9 [-30.8, —-0.56
8.8] [-0.82,
0.23]
HOMA2-IR (AU) 0.98 (0.63) 0.02 (0.33) 1.83 (0.81) —0.19 (0.54) 0.069 —0.43 [-0.64, -0.53
0.21] [-0.79,
0.26]
OGTT 2-h Glucose (mmo|~L_1) 5.43 (1.27) 0.02 (1.18) 6.02 (1.54) 0.61 (0.79) 0.096 0.89 [0.22, 0.58 [0.14,
1.23] 0.80]
Glucose AUC (mmo|~L_1~120min_1) 749.7 (183.1) =307 753.7 (232.7) 75.1 (108.0) 0.006* 66.4 [—81.45, 0.29 [-0.35,
(126.8) 124.3] 0.53]
Insulin AUC (pm0|~L_]-120min_1) 42348 (29706) —4851 45530 (25644) 7366 (21804) 0.041* —11548 —-0.45
(18495) [—22883, [-0.89,
16028] 0.63]
Cederholm Index 71.7 (27.0) 3.3 (19.9) 63.4 (26.7) —9.9 (18.5) 0.029* 7.2 [-16.0, 0.27 [-0.60,
(mg-L=2-mmol~"-mU™"-min™") 19.0] 0.71]

Data for baseline and A SIT and A CTRL is presented as Mean (SD).
* Denotes p<0.05 for group X time interaction effect.

evidence for a mean training response would require the
(unlikely) existence of similar proportions of true adverse
and favourable responders to exercise. It was only poss-
ible to classify between 0-22% of participants as either a
responder or non-responder to the intervention with
more than 95% certainty, i.e. for all outcomes the
responder status of most participants was uncertain.
Taken together, the high level of technical, biological,
and random error associated with performing repeated
measurements of both fasting and OGTT-derived
insulin sensitivity over time, means that we can neither
confidently conclude that there is evidence of true inter-
individual differences in the trainability of these out-
comes following low-volume SIT, nor confidently
identify individual participants who did or did not
respond to the intervention, which are pre-requisites
for being able to progress to studies aiming to contrast
responders vs. non-responders to elucidate mechanisms
of adaptation or develop predictors of the response to
exercise.

The indicators of insulin sensitivity measured in our
study have been used in several studies that report inter-
individual responses to various types of exercise training
(Alvarez et al,, 2017; Alvarez et al., 2018; Brennan et al.,
2020; Gray et al., 2018; Lannoy et al., 2017; Wilmore et al.,
2001). Without exception these studies have ascribed
the variability in their exercise training arm to inherent
differences in individual trainability and/or reported
rates of responders/non-responders to the training inter-
vention (Alvarez et al, 2017; Alvarez et al, 2018;
Brennan et al, 2020; Gray et al, 2018; Lannoy et al.,
2017; Wilmore et al., 2001). Our findings suggest these
conclusions may be premature. High levels of

measurement error associated with repeated measures
of insulin sensitivity inflate the variability in responses
in the intervention group, and this variability should
always be corrected by comparing it to the variability
present in a suitable control group. To illustrate this
point, we reanalysed the publicly available dataset
from a paper by Lannoy and colleagues (Lannoy et al.,
2017). This study in 171 overweight/sedentary adults
examined variability in the change in fasting insulin,
2 h OGTT glucose concentrations, and the insulin AUC
during an OGTT, following 6 months of different doses
of aerobic exercise training (low amount, low intensity
(LALI); high amount, low intensity (HALI); and high
amount, high intensity (HAHI)) and in a no-intervention
control group (Lannoy et al, 2017). The intensity of
LALI and HALI were matched (~50% HR,.) and
different from HAHI (~75% HR.,), Whilst the volume
of HALI and HAHI were matched (~360 kcals for
females and ~600 kcals for males) and approximately
double that of the LALI group (~180 kcals for females
and ~300 kcals for males) (Lannoy et al, 2017). All
groups were prescribed a frequency of 5 sessions/week
(Lannoy et al,, 2017). The SD\g and 95% Cls (standardised
to baseline variation in the controls) for each group are
shown in Figure 3 with our low-volume SIT data shown
for comparison. The data show consistently negative
SDjr scores for fasting insulin, whilst for insulin AUC
and OGTT 2h glucose concentrations there is a
mixture of positive and negative SDjz estimates with
no clear pattern in favour of one of the exercise con-
ditions (Figure 3). Crucially, for all variables in all exercise
conditions, the confidence limits around the SD\g are
wide and in many cases cross zero (Figure 3).



6 R.S.METCALFE ET AL.

A SD SIT =0.36 B SD SIT =149
1.0 SD CON =0.24 60- SD CON =25.6
0.8 o SD,, =0.27 o SD, =-20.9
oo R 40 IR
§ 261 o = 20 o%;
o N o
g’_T 0.4+ 0880 § 5,:' oo§°
a % 0.2- goog 5 8 o i % 0_ ...... 080
o —o -
E’ E 0.04---88888c .. Qe = g -20- d:% 9
= £ o n =
8= 021 8k o & -40- 2
< -0.44 80 < -60‘
-0.6- o8
-0.84 o -80- o
-1.0 T T -100 T T
SIT Control SIT Control
(o4 D
24 SD SIT=0.33 4 - o SDSIT=1.18
SD CON =0.54 SD CON =0.78
SDj =-0.43 3 o SD\z =0.89
:@ 1+ 24 o
35 : g 33 o
<3 a8 g3 11 3 e
s> ©0c0q0 33 020 o 3
5E of SBaed . .0298°..... 5g o 828803 4
<2 % 3 ~ E -1 00880
9 o < 8
-1 - .24
34 8
o .
'2 1 | '4 ] 1
SIT Control SIT Control
E
600- SD SIT=126.8 SD SIT = 18495
SICON'=108.0 SD CON = 21804
400- g™ 04 SD,g = -11548
oE <
£ [T
=) -
= g 200 3 g
%< e
gd 0 E
= -200- <k
-400- "
-600 T T -80000 T T
SIT Control SIT Control
60 G SD SIT=19.9
= SD CON =18.5
c SD=7.2
§ é IR
[=2Ary
=
EE
S
s g -20-
o £ 0o
O . -40-
<4 B o
£ -60- o
o
-80 T T
SIT Control

Figure 1. Individual changes in fasting glucose (A), fasting insulin (B), HOMA2-IR (C), OGTT 2-h glucose concentration (D), glucose AUC
(E), insulin AUC (F) and The Cederholm Index (G) following 6-weeks of SIT (blue dots) or no-intervention control (dark red dots). Each
dot represents the individual training response in original measured units (post training score minus pre training score). The solid lines
represent the mean change.
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Figure 2. Classification of responders (green squares), non-responders (blue diamonds), uncertain responders (orange circles), and
adverse responders (red triangles) following SIT for changes in fasting glucose (A), fasting insulin (B), HOMA2-IR (C), 2 h OGTT
glucose concentrations (D), glucose AUC (E), insulin AUC (F) and The Cederholm Index (G). Dots are individual changes and error
bars are 95% confidence intervals derived from the technical error. Responses are classified against a small effect size of 0.2 x the
baseline variation in the control condition (blue dotted lines). A “responder” was classified when the entire CI lay beyond a small
beneficial effect; “adverse responder” was classified when the entire Cl lay beyond a small harmful effect; a “non-responder” was
classified when the 95% lay within a small beneficial effect (but not beyond a small harmful effect); if the 95% Cl lay across the
cut point for a small beneficial effect, then the response was classified as “uncertain”.
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Figure 3. SDg estimates for changes in fasting insulin (A), insulin AUC during an OGTT (B) and 2 h OGTT glucose concentrations (C) in
response to 6 months of different intensities and volumes of aerobic exercise training (secondary analysis of Lannoy et al. (2017)) and
following 6 weeks of SIT (present study). SDir scores are presented as effect sizes standardised to baseline variation in the respective
control condition (grey dots) with 95% confidence intervals (error bars). SIT, sprint interval training; LALI, low amount low intensity;
HALI, high amount low intensity; HAHI, high amount, high intensity; ESIR, effect size of individual responses.

Accordingly, at most 14% of participants could be
classified as a responder or non-responder with 95% cer-
tainty for any of the parameters (Figure 4). This contrasts
with the terminology used by the authors, who classify
many of the unclear responders as non-responders
(Lannoy et al., 2017). This re-analysis of previous data

demonstrates that our findings following low-volume
SIT are not exceptional; even following prolonged,
high volume, high frequency aerobic exercise interven-
tions, it is not possible to confidently and consistently
detect meaningful interindividual differences in the
trainability of indices of fasting or postprandial insulin
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Figure 4. Reanalysis of Lannoy et al. (2017) showing classification of responders (green squares), non-responders (blue diamonds),
uncertain responders (orange circles), and adverse responders (red triangles) following 24 weeks of aerobic exercise for changes in 2 h
OGTT glucose (A), fasting insulin (B) and insulin AUC (C). Dots are individual changes and error bars are 95% confidence intervals
derived from the technical error. Responses are classified against a small effect size of 0.2 x the baseline variation in the control con-
dition (blue dotted lines). A “responder” was classified when the entire Cl lay beyond a small beneficial effect; “adverse responder” was
classified when the entire Cl lay beyond a small harmful effect; a “non-responder” was classified when the 95% lay within a small
beneficial effect (but not beyond a small harmful effect); if the 95% Cl lay across the cut point for a small beneficial effect, then
the response was classified as “uncertain”. Note that data from three different exercise training doses (low amount low intensity;
high amount low intensity; high amount, high intensity) have been combined in one figure for simplicity.



sensitivity, or to identify clear responders and non-
responders.

We observed a positive SD for glucose AUC and the
Cederholm Index with a small effect size, whilst for
fasting glucose and the OGTT 2 h glucose concentration,
the effect sizes were large and moderate, respectively
(Hopkins, 2015). This could be interpreted as evidence
of additional variability in the SIT group compared to
the control group. Yet, notwithstanding the high level
of uncertainty surrounding these SDj estimates, it
should also be highlighted that the standardised effect
sizes used to interpret the magnitude of the SDyr scores
are not anchored to any clinical outcome (e.g. reduced
disease risk) and, even if we assume that the positive
SDir reflects true differences in the effect of low-
volume SIT on these variables, it remains unclear how rel-
evant the observed interindividual differences would be
for long term health. Interpreting the magnitude of the
SDjr against an evidence-based minimal clinically impor-
tant difference (MCID) may be informative, but we are
unaware of appropriate thresholds for these indices of
insulin sensitivity in our population of young, healthy
but inactive adults, or indeed, any other population.
Moreover, even for parameters with a large effect size
for group-level interindividual differences, it may not
be possible to confidently identify individuals with a
response smaller or greater than a given MCID.

It is curious that, except for the Cederholm Index, we
observed positive SDir values for glucose-related vari-
ables, whereas we found negative SDjg estimates for
variables more dependent on insulin concentrations.
This is particularly true given the effect size for the nega-
tive SD|r estimates would be considered moderate
(Hopkins, 2015). If there is indeed no difference in the
variability in the SIT group and the control group, then
SDjr scores with trivial effect sizes would be more
likely to occur, whereas a meaningful and moderate
effect size would be less likely and therefore could be
inferred to (weakly) suggest an additional source of
variability in the control group compared to the training
group. However, a more likely explanation in our study is
the smaller sample size in the control group compared
to the SIT group, combined with an overall higher
measurement error for insulin-related variables over
time. With smaller sample sizes, the SD will be more
heavily influenced by extreme individual change
scores, which appear to be more likely for insulin com-
pared with glucose indices. Our sensitivity analysis
demonstrates this point: when we removed the most
extreme change score for fasting insulin and HOMA2-
IR from the control group, in each case the SDp
remained negative, but the effect size became border-
line trivial/small.
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One of the main goals of studying interindividual
variability in training response is to try and pinpoint a
specific individuals’ likelihood of responding (or not
responding) to training. Indeed, several previous
studies have classified individuals as responders/non-
responders for indices of insulin sensitivity in the
absence of a non-exercise control group (Alvarez et al.,
2017; Brennan et al,, 2020; Gray et al., 2018). However,
this approach may be erroneous, and these analyses
should be treated with caution (Atkinson & Batterham,
2015). Using the methods employed in our analysis it
is possible to estimate the proportions of responders,
non-responders, and unclear responders, taking into
account the technical error of measurement. The pro-
portion of unclear responders will always be high for
parameters with high technical error (such as insulin-
related parameters). Thus, studies aiming to contrast
responders vs. non-responders should be limited to par-
ameters with low technical error.

There are important limitations to the current analy-
sis. Firstly, the SD\g assumes that, apart from the exercise
group undergoing exercise training, all other sources of
variability between the exercise and control groups are
identical (Atkinson & Batterham, 2015). This is a pooled
analysis of two training studies with minor methodologi-
cal differences, with the (smaller) control group drawn
from only one of these studies (Metcalfe et al., 2012)
and the SIT group pooled from both (Metcalfe et al,
2016, 2012). Although this pooling approach is
common in the individual response literature to
achieve larger sample sizes (Gurd et al., 2016; Metcalfe
& Vollaard, 2021; Williams et al., 2019), it is possible
that the validity of the SD estimate could be affected.
Our reanalysis of the Lannoy et al. (2017) randomised
controlled trial, which provided support for our con-
clusions following SIT (Figures 3 and 4), can partly
assuage these concerns but, nevertheless, our analysis
should be treated with some caution. Secondly, as
pointed out by Bonafiglia et al. (2021, 2019), the lack
of treatment blinding in randomised controlled trials
of exercise training may introduce differential behav-
ioural changes in exercise and control group participants
and this could also impact the validity of the SDjg.
Thirdly, we did not perform a formal sample size calcu-
lation because of the analysis approach and the lack of
a meaningful, evidence based MCID. However, post hoc
power analysis demonstrates that to detect a difference
between the SDgy and SD¢oy Using a conventional inde-
pendent sample t-test with effect sizes of 0.3, 0.6, or 1.0
would require sample sizes of 352, 90, or 34 respectively.
Although our study may therefore be underpowered,
the consistent findings between our study (n=61) and
the reanalysis of Lannoy et al. (2017) (n =171), indicates
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that the key conclusions from our study (e.g. quantifi-
cation of “true” interindividual variability and identifi-
cation of responders and non-responders with
sufficient certainty may not be achievable for par-
ameters with high error) would be the same for a
study with a larger sample size.

In conclusion, this study demonstrates that variability
in training-induced changes in both fasting and OGTT-
derived insulin sensitivity following low-volume SIT
(and potentially exercise training in general) is largely
reflective of high levels of measurement error. These
findings add to the growing body of literature highlight-
ing that the observed variability in an exercise training
group is not necessarily reflective of inherent differences
in the individual responsiveness to training (Kelley et al.,
2021, 2020; Walsh et al., 2019; Williamson et al., 2018).
Future research investigating heterogeneity in insulin
sensitivity and other health-related adaptations to exer-
cise training should include a no-intervention control
condition and adopt appropriate statistical frameworks
that account for technical, biological, and random noise.
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