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Abstract

Background Standardized training prescriptions often result in large variation in training response with a substan-
tial number of individuals that show little or no response at all. The present study examined whether the response in
markers of cardiorespiratory fitness (CRF) to moderate intensity endurance training can be elevated by an increase in
training intensity.

Methods Thirty-one healthy, untrained participants (46 + 8 years, BMI 254 + 3.3 kg m~ and \'/OZmaX

34+4 mL min~' kg™") trained for 10 weeks with moderate intensity (3 day week™' for 50 min per session at 55%

HR ocerve)- Hereafter, the allocation into two groups was performed by stratified randomization for age, gender and
VO, response. CON (continuous moderate intensity) trained for another 16 weeks at moderate intensity, INC
(increased intensity) trained energy-equivalent for 8 weeks at 70% HR ... and then performed high-intensity interval
training (4 x4) for another 8 weeks. Responders were identified as participants with VO,,,.., increase above the techni-
cal measurement error.

Results There was a significant difference in VO,,,., response between INC (3.4 +2.7 mL kg™ min~") and CON
(04+29mL kg‘1 min~") after 26 weeks of training (P=0.020). After 10 weeks of moderate training, in total 16 of 31
participants were classified as VO, responders (52%). After another 16 weeks continuous moderate intensity train-
ing, no further increase of responders was observed in CON. In contrast, the energy equivalent training with increas-
ing training intensity in INC significantly (P=0.031) increased the number of responders to 13 of 15 (87%). The energy
equivalent higher training intensities increased the rate of responders more effectively than continued moderate
training intensities (P=0.012).

Conclusion High-intensity interval training increases the rate of response in VO,, ., to endurance training even when
the total energy expenditure is held constant. Maintaining moderate endurance training intensities might not be the
best choice to optimize training gains.
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Key points

+ Prolonging an aerobic training program after 10 weeks with constant intensity of 55% HR
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reserve @Nd constant

energy expenditure for 16 more weeks will not increase the rate of training responders.

+ Increasing training intensity to 70% HR erve

at constant energy expenditure is not sufficient to further increase

the rate of responders after a 10-week moderate-intensity training period.
+ Training in the high intensity domain increases the rate of responders in energy-matched training interventions.

Keywords Aerobic fitness, VO, HIIT, Energy expenditure, Endurance training, Nonresponder, Response

Introduction

Endurance training is an effective way to improve cardi-
orespiratory fitness (CRF) and positively impact on risk
factors for cardiovascular disease [1-3]. Yet, it is also
known that adaptations to a standardized training greatly
differ between individuals. Persons showing only minor
or no adaptions to training stimuli are frequently termed
nonresponders. Therefore, consideration of individual
variability in training response has become increasingly
important in training studies in recent years. The Her-
itage study was one of the first examples for large-scale
intervention studies that has reported a large heterogene-
ity in responses of VO, ., after a standardized training
intervention [4]. The phenomenon of little or no training
response has been investigated by other researchers since
then [5-7]. Ross and colleagues compared eight endur-
ance training studies and found a range of adaptions from
minus 33% to plus 118%, independent of exercise dura-
tion, intensity and trial sample size [8].

It is not clear whether adjusting the training modalities
(e.g., training volume or intensity) has a positive influ-
ence on the rate of responders. The dose—response rela-
tionship of endurance training is influenced by training
volume, intensity and training frequency [9-11]. Higher
doses of training have proven to elicit more pronounced
training adaptions [12, 13]. Furthermore, Bonafiglia and
colleagues have shown that between-subject variability in
training response is due to the training dose and external
factors rather than interindividual differences in train-
ability [14]. The extent to which modifications of either
intensity or volume are the leading factor is a question
with large relevance to exercise training prescriptions
to achieve the intended training adaptions. There is evi-
dence that training protocols with higher intensities such
as high-intensity interval training (HIIT) are more effec-
tive in eliciting increases in VO,,,,, than moderate inten-
sity training [10, 15, 16].

Due to the high variability of adaptions to endur-
ance training, it has been suggested that the efficacy of
training interventions has to be analysed beyond mere
comparison of main effects like VO, .. [17, 18]. In this

regard, a common approach is to compare the rates of
nonresponders between groups [6, 19]. In terms of inter-
individual variations in training response, Bonafiglia
and colleagues [12] found that higher doses of training
produce higher rates of response. In a direct compari-
son of moderate intensity training with energy-matched
HIIT, Maturana and colleagues [7] found a greater effect
on VO,.. and a lower nonresponder rate for HIIT.
Montero and Lundby [19] observed that higher training
dose through increased volume is an effective approach
to achieve a meaningful response in VO, . for partici-
pants showing no response after an initial training inter-
vention. However, this inevitably leads to more time
consumption. And since the study was lacking a control
group, the question of whether extended exposure to
the same training dose is sufficient to elicit a response
remains unanswered. For a standardized EE, participants
who performed training with higher intensities were less
likely to show a nonresponse than participants training
with lower intensities [6]. However, it should be noted
that in this study the training frequency was 5 week™
and therefore presumably higher than in most training
beginners. These findings indicate that for nonrespond-
ers who are unable to perform more or longer train-
ing sessions, training with higher intensities might be a
promising alternative to achieve greater and continuous
training adaptions.

A methodological difficulty is the identification of
nonresponders, as there is no uniform established defi-
nition of high-, low- or nonresponse. Individuals are
termed responders when their individual response
exceeds a certain threshold. The threshold for nonre-
sponse has for example been as set as a VO,,,,, improve-
ment<0 L min~! [20], or less than 5% [21, 22]. Moreover,
some studies use a coefficient of variation of 5.6% [5]
derived from the literature. Although these thresholds are
a straightforward method to categorize responders, they
do not consider the true training-induced response. In
this context, more attention has been given to the neces-
sity of distinguishing the true training-induced response
from within-subject variability and measurement errors
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of the specific setting [17]. Accordingly, some authors
have suggested to use specific study designs such as
repeated testing or reliability trials to analyse true train-
ing responses [23, 24]. A more individualized approach
to take the day-to-day biological error and measurement
error into account when interpreting and categorizing
the response is calculating the technical error of meas-
urement (TE,,) and using it as threshold for adaptions
[24, 25]. It should be noted that a dichotomous approach
in which individuals are labelled as (non-)responders on
the basis of a single threshold is not without criticism.
A single response threshold is more likely to distinguish
a “true” response from an uncertain response than a
“true” nonresponse [26, 27]. Moreover, classifying sub-
jects as nonresponders on the basis of a single parameter
neglects the wide range of possible biological training
adaptations [28]. Another methodological challenge in
testing the independent effect of training intensity lies in
the necessity to control for the overall training dose (vol-
ume X intensity). This can be achieved by estimating and
standardizing the total energy expenditure (EE) between
different training modalities.

In this study, we sought to compare response rates
between 26 weeks of moderate intensity training (55%
HR,.serve) @and training with an increase in training inten-
sity (to 70%HR e and to 95%HR ) after 10 and
18 weeks, respectively. The differences on the group
level are subject in another publication and not dis-
cussed in detail here [29]. It was hypothesized that non-
response rate can be reduced or even eliminated through
an increase in intensity with energy expenditure held
constant.

Material and Methods

All participants signed written informed consent. The
study procedures were in accordance with the Declara-
tion of Helsinki and the study was approved by the Ethics
Committee of the Medical Association of Saarland (iden-
tification number 219/19).

Study Design and Randomization

Two training groups of untrained individuals per-
formed 26 weeks of endurance training. The control
group (CON) kept all training variables constant over
the 26 weeks, whereas the intervention group (INC)
increased training intensity after 10 and again after
18 weeks of training (for details see training below).
The exercise EE was standardized on a within-subject
basis by proportionally lowering the training volume in
INC when the training intensity was increased. Tread-
mill tests to voluntary exhaustion were performed three
times at baseline (T01, T02, T03), after 10 weeks (weeks
10), after 18 weeks (weeks 18) and after 26 weeks (weeks
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26) of training. Using a minimization technique at week
10, subjects were allocated to either CON or INC [30,
31]. Factors for balancing were age, sex, baseline VO,, ..,
VO,,..x response at week 10 (yes/no), and the magnitude
of VO, response at week 10. The objective of this pro-
cedure was to balance the amount of responders in both
groups. For this reason the intraindividual variability in
VO,,,.. (mL min~') was used as each participant’s thresh-
old for response [5]. The intraindividual variability (iV)
represents the day-to-day variability of VO, ., between
T02 and T03 and was calculated as follows:

iV =|T02 — T03|/meanT02T03

Participants

Forty-eight (48), untrained subjects were recruited for
participation. Inclusion criteria were, age 30—60 years,
untrained status (last 6 months:<1 h week™ endur-
ance-type physical activity) and non-smoking (to
avoid effects from cessation/reduction). Exclusion cri-
teria were BMI>30 kg m™2 resting blood pressure
(RR,) > 160/100 mmHg, total cholesterol >300 mg dL !,
maximum oxygen uptake (VO,,., )>50 mL kg™ min~" for
men; >45 mL kg™! min~! for women, iron deficiency (Fer-
ritin <34 ng mL™"), thyroid dysfunction (TSH <0.34 mU
L™'>4.0 ng mL™!), medications with potential influence
on target parameters (e.g. beta-blockers) and pregnancy.
Thirty-two participants (46+8 years, 25.4+3.3 kg m2
and 34+4 mL min~! kg™!) completed the 26 weeks train-
ing programme of which one data set could not be ana-
lysed due to technical issues. A participant flow chart is
given in Fig. 1. At baseline and at weeks 10, there were no
between-group differences for CON and INC (P> 0.05).
Participants’ characteristics are displayed in Table 1.

Training

Participants performed 26 weeks of walking or jogging
on 3 day week . For the first 10 weeks all participants
trained at moderate intensity (50 min per session at 55%
HR,gerve [%9HR]). After week 10, INC increased intensity
to 70% HRy and to a HIIT protocol after week 18. HIIT
was performed with a 10 min warm-up at 70% HR ,,, fol-
lowed by 4 times 4 min at 95% HR,, interspersed with
3 min at 70% HR_,, and a cool-down at the same inten-
sity. CON trained with moderate intensity throughout
the entire course of the study. The length of training ses-
sions were adjusted to maintain a constant within-subject
EE. Adherence to the prescribed training intensity was
recorded with a heart rate monitor (Sigma R1 Duo+ID.
Free, Sigma-Elektro GmbH, Neustadt, Germany).
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Fig. 1 Participant flow chart. Health issues were respiratory tract infections or musculoskeletal problems (e.g. overuse injuries)

Table 1 Participants characteristics at baseline

Men Women P
n 13 18
Anthropometric data
Age (years) 47 +9 46+ 8 0.65
Height (cm) 1760+68 1672+66 0.01
Weight (kg) 839+124 682+11.1 0.01
BMI (kg m™) 270+29 243433 0.02
Body fat (%) 213+29  236%39 0.09
Hemodynamic characteristics at rest
HR (bpm) 68+7 69+8 0.79
Systolic BP (mmHg) 124+8 118+9 0.06
Diastolic BP (mmHg) 83+6 78+8 0.04
Peak exercise performance
VO, (ML Min~") 30194378 22314324 <001
VO, 0 (ML Min~ kg™ 363+4.1 33142 0.04
Voo (kmh™h) 121411 10412 001
HR o (0 M~ 186+ 15 183+ 11 047
Ly (Mmol L7 93420 87424 042
RER 1.2+0.1 1.2+0.1 0.89

max

Values are means + SD; BMI body mass index, HR heart rate, BP blood pressure, v
O;max Maximum oxygen uptake, V,,, maximum speed, La,,, maximum lactate,
RER,,q Maximum respiratory exchange ratio, P=between-group differences at
baseline

Energy Expenditure

Oxygen uptake at the individual exercise heart rates was
measured during the treadmill tests and used to estimate
the EE for participants exercise heart rates by use of an
average caloric equivalent (4.85 kcal L' O,) [32]. The
EE for a certain heart rate was then multiplied with the
prescribed training time at that heart rate. By adjusting
session length, the overall within-subject EE was kept
constant in INC throughout all intervention phases. For
HIIT, this implied an individual adjustment of the cool-
down length.

Testing

The first baseline test (T01) served as habituation to the
maximal treadmill test and a medical examination with
resting and exercise electrocardiogram (ECG). The fol-
lowing two baseline measurements (T02, T03) were
performed to determine the intraindividual variability
and the TE,; of VO,,.,.. The baseline data represents the
mean from both tests. Before each treadmill test, anthro-
pometric data (height, weight, BMI and body fat) as well
as hemodynamic characteristics (resting heart rate and
blood pressure) were taken. Body fat percentage was esti-
mated by a 10-site skinfold method with a Harpenden
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caliper. Hemodynamic measures at rest were taken after
a ten-minute-rest in supine position. Treadmill tests were
performed on a Woodway ELG 70 (Woodway GmbH,
Weil am Rhein, Germany) and gas exchange measure-
ments were conducted continuously using a breath-by-
breath system (MetaLyzer® 3B, Cortex Biophysik GmbH,
Leipzig, Germany) which was calibrated according to
manufacturer’s instruction.

Treadmill test Protocol

The treadmill was set to a constant incline of 0.5%.
All tests started at 4.0 km h™'. Every 3 min, speed
was increased by 1.0 km h™'. The submaximal heart
rate (HRyp...) during the graded exercise test was
taken at the end of last 3 min stage. When the respira-
tory exchange ratio (REF) exceeded 0.95 for at least
30 s this was defined as last 3 min stage. Afterwards,
the tests continued using a rampwise protocol with a
speed increment of 0.8 km h™! per minute until vol-
untary exhaustion [33]. Maximal parameters were only
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analysed if at least two of the following criteria were
fulfilled: (1) HR,,, >220-age, (2) maximal blood lactate
concentration >8 mmol L7}, (3) maximal RER > 1.1 [34].

Responder Classification

Responders were identified after the 26-week train-
ing intervention by determining the TE,;, which is
described as a conservative measure of assessor error
and day-to-day variation in conducting an exercise test
[6]. This application is considered very reliable in pro-
viding an estimate of the technical error which is unaf-
fected by a change in the mean [35]. Values<1xXTEy
were considered a nonresponse, >1XTEy a response.
As some authors suggest a multiple of the TEy
(2% TE,,) as a more conservative measure for response
[23], these thresholds are given in Fig. 2, too. The TEy
was calculated by dividing the standard deviation of the
difference score (Sy;q) by V2 [35].

AVoZmax INC Nonresponder
CON N q I Responder
8 Nonresponder Responder wk10 s - onresponder Responder T,
= M
6 6 1
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Fig. 2 Individual changes compared to baseline in VO, [mL min~" kg™"] after 10, 18 and 26 weeks of training for CON and INC. The through line
distinguishes initial responders from nonresponders (1 XTE, = single technical error, 2 X TE,, = multiple technical error); + eliminated nonresponse;
— response turned into nonresponse. Each bar represents one subject. The order of bars is consistent in all figures. The group mean is illustrated

through the bar in the background
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TEm = Saifr / V2

Statistical Analyses

The sample size was estimated a priori using an effect
size for comparison between groups from two out of
four arms of a previous INC training intervention study
by Helgerud et al. (“4Xx4” vs. “LSD”: d,,.,=0.547) [10].
G*Power (version 3.1.9.4) was used to calculate the
sample size for an ANOVA (main and interaction effect
in VO,,,.,, [mL min~! kg™!]) with a =0.05, 80% power, 2
groups, 2 test time points. This led to a required sample
size of n=29 in total or 15 subjects per group, respec-
tively. Taking into account an estimated drop-out rate
of 28% [36], the aim was to start the study with n>40
respectively n >20 per group.

IBM'’s Statistical Package for the Social Science (SPSS
v27; IBM; USA) was used for statistical analysis. Sex dif-
ferences at baseline were examined using ¢-tests for inde-
pendent samples. Mann—Whitney-U-Tests were used to
compare baseline characteristics between responders and
(uncertain)nonresponders. The percentage of respond-
ers was calculated on the number of individuals who met
less than 1 X TEy; between week 10 and week 26 for each
group. Fisher’s Exact Test was used to compare the rate
of responders between groups at week 10, week 18 and
week 26. The McNemar Test was used to compare the
rates of response between week 10 and week 26 within-
group. A P value of <0.05 for the a-error was considered
statistically significant.

Results

Compliance, Exercise Intervention and Test Criteria
Regarding frequency of training, adherence to prescribed
exercise heart rate and EE, there were no statistically
significant group differences (P>0.05). CON completed
79.6+6.95 and INC 79.8 +8.09 sessions. The average EE
per training session estimated by indirect calorimetry
was 401 +105 kcal with no group difference (P=0.914).
Average exercise HR up to week 10 was 100+2% (CON)
and 101+2% (INC) of prescribed HR, from week 10 to
week 18 it was 101 +4% (CON) and 99+ 1% (INC) and
from week 18 to week 26 it was 99+1% (CON) and
97 +2% (INC). The drop-out rate was 35% (Fig. 1). HR .
(b min™?), La,,,, (mmol L™!) and RER_, indicated maxi-
mal exhaustion in both groups from baseline (CON:
186+12; 9.5+2.2; 1.2+0.1; INC: 182+13; 84+2.1;
1.2+0.1) to weeks 26 (CON: 185+11; 9.5+2.2; 1.3+0.1;
INC:181+12;9.4+2.0; 1.3+0.1).
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Baseline Analysis

There were no group-differences at baseline for anthro-
pometric data for age (P=0.73), BMI (P=0.95), BF
(P=0.41), hemodynamic characteristics at rest for HR
(P=0.65), BPy (P=0.44), BP,, (P=0.29) and peak
exercise data for relative VO, . (P=0.57), absolute
VO, (P=071), V.. (P=0.50), HR , (P=0.44),
La,,, (P=0.17) and RER_,, (P=0.52). Baseline char-
acteristics are shown in Table 1. There were no differ-
ences between responders and nonresponders at baseline
for age (P=0.06), BMI (P=0.62), HR ., (P=0.65), BP
(P=0.32), BPg4,, (P=0.38), relative VO, .. (P=0.98),
absolute VO, (P=0.86) and V,, (P=0.86).

max

Mean Responses
Baseline data as well as changes over time for all param-
eters are presented in Table 2.

After 26 weeks of training INC improved VO,, . sig-
nificantly by 3.4+2.7 mL kg™! min™ (P=0.002) as well
as from week 18 to week 26 (P=0.002). Changes in CON
were not significant (0.4+2.9 mL kg~ min™). For rela-
tive VO,,,,.» improvements were significantly higher for
INC than for CON (P=0.02). The mean values for rela-
tive VO,,., at baseline and after weeks 10, weeks 18 and
weeks 26 for CON were 34.9+ 3.6, 35.6+4.5, 34.1+3.9,
35.3+4.0 mL kg™' min™' and for INC were 34.0+5.2,
35.2+5.5, 350451, 374+49 mL kg ' min}, as
described elsewhere in more detail [29].

Rate of Responders
Changes in VO, after 10, 18 and 26 weeks of training
for CON and INC are shown in Table 2. INC increased
the rate of responders more effectively than CON
(P=0.012).

After 10 weeks of training at an intensity of 55%HRy,
there were no between-groups differences in the rate of
responders for relative VO, .. (CON: 50%; INC: 53%;
P=0.569), HR,; (CON: 56%; INC: 33%; P=0.179) and
HR, b max (CON: 50%; INC: 47%; P=0.569).

After 18 weeks of training there were also no between-
groups differences in the rate of responders for relative
VO,,..« (CON: 25%; INC: 47%; P=0.189), HR ., (CON:
62%; INC: 40%; P=0.186) and HR (CON: 50%; INC:
67%; P=0.283).

After 26 weeks of training the differences in the rate of
responders were greater for INC than for CON for rela-
tive VO, (CON: 37%; INC: 87%; P=0.009) and HR
(CON: 25%; INC: 87%; P<0.001) but not for HR
(CON: 63%; INC: 67%; P=0.553).

Within group analysis showed that the rate of response
was increased between week 10 and week 26 in INC for
relative VO, .. from 53 to 87% (P=0.063) and HR

submax

rest

submax

rest
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Table 2 Baseline values and changes after 10, 18 and 26 weeks of training for group and response
Baseline A weeks 0-10 n (%) A weeks 10-18 n (%) A weeks 18-26 n (%)
VO, s [ML min~" kg™
CON
r 349435 25+14 [8 (50)] 15435 [4(25)] 20422 [6 (37)]
nr 349439 -1.1+11 [8 (50)] —24+23 (12 (75)] 0713 [10(63)]
INC
r 33.0+47 26+1.1 [8(53)] 13425 [7 (47)] 24420 [13(87)]
nr 350459 —-02+08 [7 @47)] —15+23 [8(53)] 2.1+0.1 [2(13)]
VO, oy IML min~"]
CON
r 2595 +601 16715 [6(37)] 171.0+£39.6 2012)] 139.3+144.7 [4(25)]
nr 2596 +542 —54+93 [10(63)] —151.4+1751 (14 (88)] 478+1205 [12(75)]
INC
r 2645+ 531 145 +64 [9 (60)] 787+1244 (6 (40)] 123041422 (11 (73)
nr 2343 +£473 —3+60 [6 (40)] —162.1+1259 [9 (60)] 116.8+129.9 [4(27)]
V. kmh™')
CON
r 11214 08+03 [15 (94)] 02+03 [16 (100)] 0.0+03 [16 (100)]
nr 132+00 04+00 [1(6)] /+/ [0] /x/ [0]
INC
r 108+15 08+03 [14(93)] 0.5+04 [14(93)] 05+04 [14(93)]
nr 122400 —04+00 [ 02+00 [ —-06+00 [1(7)]
HR o [0 M~
CON
r 744492 -9.0+638 [7 (44)] —-0.7+58 [6(38)] —-16+52 [4(25)]
nr 653+6.6 —-1.0+16 [9 (56)] 35+36 [10 (62)] 12+30 [12(75)]
INC
r 70.6+4.2 —-82+23 [5(33)] —72+57 [6 (40)] —-3.0+39 [13(87)]
nr 66.7+6.3 23+4.1 [10(67)] —-03+57 [9 (60)] —10+28 [2(13)]
HR e [0 M)
CON
r 1373+7.7 —74+3.1 [8 (50)] —15+57 [8 (50)] —-05+41 [10(63)]
nr 1346+16.0 —27+23 [8 (50)] 21+86 [8 (50)] 14+49 [6 (37)]
INC
r 1322+156 —-108+33 [7 @47)] —35+55 [10 (67)] —20+76 [10(67)]
nr 132.7+88 42+38 [8(53)] —44+57 [5(33)] 09+75 [5(33)]

A=changes after 10, 18 and 26 weeks of training for CON and INC in VO,,,.,,ImL min~" kg™"]; VO, ., [mL min="], V, ., [km h™']; HR ., [b min~"]; HR,pmay [P Min~'];
values are presented as means + SD; r=responder, nr =nonresponder; n (%) =number (rate) of responders/nonresponders

from 33 to 87% (P=0.008). From week 18 to week 26 INC
increased the rate of VO,,,,, responders from 47 to 87%

(P=0.031).

In CON there was a non-significant decrease in the
rate of response for relative VO, .. from 50 to 37%

(P=0.754) and HR,.
week 10 to week 26.

from 44 to 25% (P=0.25) from

Discussion

This study investigated the role of an increase in train-
ing intensity while maintaining EE for increasing
the responder rate to endurance training in healthy
untrained subjects. With an average EE per training ses-
sion of 400 kcal, positive effects can be achieved by both
moderate and intensive training. As expected, a high
interindividual variation of the response was observed.
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Responders for VO, .. were observed in both groups
and by stratified randomization equally distributed
(CON=50%; INC=53%). The main findings of this
research are (1) through an increase in training intensity
response rate for VO, .. was increased from 53 to 87%
despite total EE remaining the same, (2) given a constant
energy consumption, a high intensity interval training
effectively increases the rate of responders as indicated
by an additional increase in response rate between week
18 and week 26 (it should be noted that this increase
occurred after 18 weeks of training had already been
completed) and (3) the training stimulus at an intensity
of 70%HRy, is not sufficient to increase response after
10 weeks of training at 55%HRy.

We were able to show that for standardized isocaloric
training interventions the choice of intensity affects the
magnitude of AVO,_ .. as well as the rate of response.
When training intensity was increased from 55%HR} to
70%HRy between week 10 and 18 weeks no increase in
response rate was observed after 8 weeks. Only when
INC performed HIIT between week 18 and week 26, the
response rate was significantly increased (+75%) in most
participants. This suggests that for isocaloric interven-
tions the intensity must be in the high intensity domain
to produce more responders. Previous studies have
already shown that HIIT is more effective than moderate
training for improvements of CRF when EE is controlled
for [37, 38]. A novel finding of our study is that there
does not seem to be a linear relationship between inten-
sity and responder rates as training with 70%HRy, did not
increase response rate effectively. It is likely that certain
physiological pathways leading to higher VO, . are
activated particularly through a training stimulus above
a certain threshold. There is evidence that HIIT yields
greater improvements in mitochondrial content than
work-matched moderate training [39]. Torma and col-
leagues related the higher effectiveness of HIIT to a larger
activation of fast-twitch fibres and an advanced mito-
chondrial biogenesis [40]. Despite these works it is still
unclear what the exact pathways are that lead to higher
VO, It seems unlikely that even for a standardized
training programme responders improve their AVO,_ ..
through a uniform physiological adaption process [41].
Although our data show that HIIT is more likely to trig-
ger a response in markers of CRE, there were still 2 out
of 8 initial nonresponders in INC after 26 weeks. This
agrees with findings of Timmons and colleagues [42]
that 20% of individuals show no improvement in aero-
bic capacity even after high intensity training. Consider-
ing Montero’s and Lundby’s [19] study which shows that
nonresponse can be eliminated through training doses
of up to 300 min per week, we conclude that for some
individuals an adjustment to HIIT for a given training
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dose might not be sufficient and higher overall training
doses, i.e. higher EE, are necessary in these cases to elicit
a training response increase response.

The overall effects on VO, . as well as the rate of
responders after the first 10 weeks of CON were compa-
rable with other studies investigating the effects of mod-
erate intensity training [10, 43]. Over the next 16 weeks,
3 additional participants, from an initial 8, became
responders. From the initial 8 responders at baseline 7
were categorized as nonresponders (respectively uncer-
tain responders) at weeks 18 and 5 at week 26. Our data
therefore suggest that continued training at the same
intensity does not automatically have a positive effect
on the rate of responders. Additionally, in accordance
with international guidelines [44], we found that moder-
ate intensity training might not always produce a lasting
training response when the training dose is not intensi-
fied over time. One rationale for this finding is that the
first 10 weeks of training triggered primarily adaptions of
the cardiovascular system that led to improved mecha-
nisms of oxygen transport and consumption and there-
fore an increase in VO,,... These adaptions plateaued
and, in some cases, possibly even regressed when the
training dose remained the same and submaximal adap-
tions (e.g. metabolic system, running economy) presum-
ably became more pronounced over time. In this context,
it must be emphasized that the exercise heart rate was not
significantly adjusted in CON at any point over 26 weeks
and effectively increased over time. This may have caused
a lower metabolic strain over time for a given heart rate
because of higher metabolic efficiency, which could
cause a decreasing training stimulus over time for these
individuals. This assumption is supported by findings
by Weatherwax and colleagues who compared response
rates for a training prescription based on %HRy with an
individualized training based on ventilatory thresholds
[11]. The response rates were 60% for the standardized
and 100% for the individualized training. In line with
these findings and others [45, 46] the question remains
whether response rates indicate differences in train-
ability or are a consequence of variation in the between-
subject metabolic strain for a fixed heart rate percentage.
Although the literature shows that individualized train-
ing prescription can produce more homogenous training
responses [47], it should not be overlooked that in many
practical settings the necessary metabolic testing for that
type of prescription is not feasible. For the time being,
the majority of individuals that take up an unsupervised
exercise regimen will rely on the international guidelines
and use heart rate as the only physiological measure to
monitor training intensity. In this context, our study has
shown that the implementation of high intensity efforts
increases the likelihood of improved fitness.
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Although the magnitude of adaption for V,,, between
the two groups were in favour of INC, there were no
difference in the response rates for this parameter.
This highlights that moderate as well as intense train-
ing protocols yield improvements in functional capac-
ity. Vollaard and colleagues have already shown that for
untrained individuals improvements in maximal run-
ning speed are not related to VO,,,,, [48]. Our study
has confirmed these findings, as there was no uniform
pattern of response for V_,, and VO, .. Although the
prognostic value of VO, .. for overall health and all-
cause mortality is widely accepted, it is still unclear
to which degree VO,,,,. or the higher levels of physi-
cal activity through which it is achieved are the causal
factor for improved health [49]. We therefore sug-
gest future research to focus more on the connection
between nonresponse and health benefits, acknowledg-
ing the methodical challenges in such research designs.
In this context it should be noted that an adaptation
below a certain threshold is not equal to a nonre-
sponse as there is a range of uncertainty between “true”
response and nonresponse.

Limitations

Our data point out that a single post-test might not be
sufficient to categorize individuals as responders with
certainty. We have shown that for a standardized training
intervention there is a considerable within-subject fluc-
tuation of response over time. This is in line with other
recommendations for repeated testing during an exercise
intervention [23, 24]. Nevertheless, the strength of this
study is that the within-subject variability of VO, ., was
analysed by two baseline measurements. In our study, the
TE,; was 4.2+2.7% and was comparable in both groups.
Thus, it was similar to the often used coefficient of vari-
ation of 5.6% reported in literature [5]. In other studies,
most subjects showed a response in at least one param-
eter, except for VO, .. [5]. This highlights that the effi-
cacy of training interventions should be assessed through
several measures.

Since the level of intraindividual variability may have
an influence on the response, it would be interesting to
see how intraindividual variability changes in the training
process. For this purpose, Ross and colleagues [8] recom-
mend including a control group to measure the interin-
dividual response variability and to perform additional
measurements at the pre- and post-tests. Participants
were instructed to maintain eating habits as well as daily
physical activity. As we did not record the daily physi-
cal activity, we cannot rule out tiny influences from this
source and suggest future research to include the influ-
ence of lifestyle habits on the training response.
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Conclusion

The current study demonstrates that training in the high
intensity domain increases the rate of responders for
VO,,..x for most individuals even when the total energy
expenditure remains the same. Thus, training at intensi-
ties around VO, ., such as in HIIT is well suited to effec-
tively increase the rate of responders. If the specifications
of a standardized moderate endurance training remain
constant after the period of 10 weeks of training, further
training adaptations are unlikely. Therefore, training in
the high intensity domain is an effective way to achieve
and maintain a training response without the need of
a higher total training volume. This is of particular rel-
evance for settings, where individualized trainings pre-
scriptions are not feasible.
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