@ Thieme

Time Course Changes in Confirmed ‘True’ VO,max After
Individualized and Standardized Training

OPEN

SJOICIC,

Authors

ACCESS

Ryan Weatherwax: 2, Nigel Harris’, Andrew E. Kilding?, Lance Dalleck?: 2

Affiliations

1 Human Potential Centre, Auckland University of
Technology, Auckland, New Zealand

2 Recreation, Exercise and Sport Science, Western State
Colorado University, Gunnison, United States

3 Sports Performance Research Institute New Zealand,
Auckland University of Technology, Auckland, New Zealand

Key words
cardiorespiratory endurance, exercise training, ventilatory
threshold, HRR, verification protocol

received 18.12.2018
revised 05.02.2019
accepted 18.02.2019
Bibliography

DOI https:/[doi.org/10.1055/a-0867-9415
Published online: 2019

Sports Medicine International Open 2019; 3: E32-E39
© Georg Thieme Verlag KG Stuttgart - New York

ISSN 2367-1890

Correspondence

Mr. Ryan Weatherwax

Recreation, Exercise and Sport Science,
Western State Colorado University,

1 Western Way,

81231 Gunnison

United States

Tel.:+1/970/943 2010, Fax: +1/970/943 7125
rweatherwax@western.edu

ABSTRACT

This study sought to examine time course changes in maximal
oxygen consumption (VO,max) confirmed with verification
testing following 12 weeks of standardized vs. individualized
exercise training. Participants (N =39) were randomly allo-
cated to differing exercise intensity prescription groups: ven-
tilatory threshold (individualized) or % heart rate reserve
(standardized). At baseline, 4, 8, and 12 weeks, participants
completed maximal exercise testing with a verification protocol
to confirm ‘true VO,max.’ VO,max in the standardized group
changed from 24.3+4.6 ml-kg~'-min~1 at baseline to
24.7+4.6,25.9+4.7,and 26.0+4.2ml-kg~1-min~1 at week
4,8, and 12, respectively, with a significant difference (p<0.05)
in VO,max at week 8 and 12 compared to baseline. The indi-
vidualized group had increases in VO,max from online 2
9.5+7.5ml-kg~7-min~T at baseline to 30.6 +8.4, 31.4+ 8.4,
and 32.8+8.6ml-kg~7-min~"at week 4, 8, and 12, respec-
tively. In the individualized group, there were significant differ-
ences (p<0.05) in VO,max from baseline to week 8 and 12 and
a significant increase in VO,max from week 8 to 1 online 2.
Although not statistically significant, our preliminary data dem-
onstrates a more rapid and potent improvement in VO,max
when exercise intensity is individualized. This is the first inves-
tigation to employ use of the verification procedure to confirm
‘true VO,max’ changes following exercise training using ven-
tilatory thresholds.

Introduction

Low cardiorespiratory fitness (CRF) is a well-established predictor
of cardiovascular disease and mortality [5, 13, 40]. It has generally
been accepted that CRF can be improved following a reqular aero-
bic exercise training program [15]. Furthermore, with the emerg-
ing concept of ‘Exercise is Medicine’ and using individualized
exercise as medicine [7], the time course changes in CRF and, specif-
ically, maximal oxygen uptake (VO,max) need to be better under-

stood to properly determine exercise doses (i. e., intensity, volume).
An understanding of the time course changes in CRF is imperative
to properly prescribe and adjust training regimens to enhance
adaptations [7].

Much of the literature on time course changes investigates a
standardized methodology of exercise prescription using heart rate
reserve (HRR) [37], percent peak oxygen consumption (VO,peak)
[33], and percent VO,max [28]. Recently, there has been evidence
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that a more individualized exercise prescription using metabolic
threshold (i. e., ventilatory thresholds) enhances training adapta-
tions and overall responsiveness to VO,max [11,45]. Therefore, it
isimportant to understand the differences in time course outcomes
following a standardized compared to an individualized exercise
prescription. To the best of our knowledge, this has yet to be re-
ported in the literature.

Our knowledge on interindividual differences and time course
changes has been confounded based on methodological weakness-
es of accepted primary and secondary criteria used to determine
VO,max[6,31,32,38]. There is often a discrepancy in how maximal
values are reported and it has become common that the highest
achieved VO, (VO,peak) during a maximal test is used to prescribe
intensity and evaluate effectiveness of a training intervention, but
a peak value may not directly represent a true maximal value of aer-
obic capacity. For example, Ross and colleagues [33] reported VO-
opeak at 4, 8, 16, and 24 weeks to identify the effects of intensity
on interindividual responses to CRF. However, since only peak val-
ues were reported, we cannot conclusively determine that CRF was
maintained, declined, orimproved because a true maximal value is
not reported. The use of a supramaximal test following a graded ex-
ercise test (GXT) was first reported by Niemala and colleagues [30]
and has since evolved into what is commonly considered a ‘verifica-
tion protocol’ to confirm a ‘true VO,max’ [12, 19, 26, 27, 34]. In-
deed, the efficacy of a verification protocol has been confirmed in
sedentary men and women [2], middle-aged and older adults [10],
sedentary adults with obesity [35], and altitude-residing endurance
runners [43]. However, to our knowledge, a verification protocol to
confirm VO,max has not been used to examine time course chang-
es due to steady-state CRF training with exercise intensity deter-
mined by ventilatory threshold measurements.

The main purpose of the current investigation was to examine
the effects of standardized and individualized exercise prescription
on VO,max confirmed by a verification bout at 4-week increments
over a 12-week CRF training intervention. It was hypothesized that
an individualized method of exercise intensity prescription would
provide a more rapid and potent increase in VO,max compared to
a standardized technique.

Materials and Methods

The current investigation involved repeated measurements (every
fourth week) to understand the differences in time course changes
of VO,max with individualized and standardized exercise prescrip-
tion. A detailed description of the study and participant flow dia-
gram has been previously published [44]. This study was carried
out in accordance with and approved by the Auckland University
of Technology Ethics Committee (16/264) and the Western State
Colorado University Institutional Review Board (HRC2016-01-
90R6) and meets the ethical standards of this journal [17]. All par-
ticipants provided written informed consent in accordance with
the Declaration of Helsinki.

Participants

Sedentary men and women were recruited from a local communi-
ty-based wellness program and the general community via adver-
tisement at the university, local newspaper, and word of mouth.

Participants were eligible for inclusion if they were between the
ages of 30 and 75, considered low to moderate risk based on the
American College of Sports Medicine Standards [1], and partici-
patedin less than 30 min of moderate intensity physical activity on
3 days a week or less for the last 3 months. Participants were ex-
cluded from the investigation if they reported signs or symptoms
suggestive of pulmonary, cardiovascular, or metabolic conditions
determined from a standard medical history questionnaire.

Experimental testing

Outcome variables, other than a dietary recall and physical activity
questionnaire, were obtained at baseline, week 4, week 8, and week
12 following the completion of the exercise intervention. To the
best of our ability, we maintained consistency with day of the week
and time of day between repeated testing sessions for each partic-
ipant, with repeated testing occurring within a day and + 3 h of the
original day of the week and time of day. All participants were in-
structed to refrain from any strenuous exertion for the 12 h prior
to testing.

Resting and anthropometric measurements

Resting heart rate (RHR) was analyzed following standardized pro-
cedures [1]. In summary, when participants arrived at the labora-
tory, they sat for 5 min with sufficient back support, feet on the
ground, and arms supported near heart level. Following the 5 min
of seated rest, a medical-grade pulse oximeter (Nonin Medical Inc.,
Plymouth, MN, USA) was used to establish resting heart rate.

Participants were weighed to the nearest 0.1 kg and height
measured to the nearest 0.5 cm on a calibrated, medical-grade
scale and a stadiometer (Tanita Corporation WB-3000, Tokyo,
Japan), respectively.

Dietary analysis

Throughout the 12-week intervention, participants were asked to
maintain their reqular nutritional habits. At baseline and post-in-
tervention, a 3-day dietary intake recall including two weekdays
and one weekend day with the inclusion of types of food/drink,
portion sizes, and any specific nutritional information they could
provide was solicited. The dietary recall was used to investigate en-
ergy intake and the proportion of kilocalories from carbohydrates,
protein, and fat.

Maximal exercise testing with verification protocol

Participants completed a GXT using a modified-Balke, pseudo-
ramp protocol on a motorized treadmill (Powerjog GX200, Maine,
USA). Following a 4-min warm-up with an increasing workload, par-
ticipants walked or jogged at a self-selected pace with a starting
incline of 0% and had a subsequent increase in incline of 1% every
min until volitional fatigue was reached. Throughout the GXT, par-
ticipant HR using a chest strap and radio-telemetric receiver (Polar
Electro, Woodbury, NY, USA) and expired air and gas exchange data
using a metabolic analyzer (Parvo Medics TrueOne 2.0, Salt Lake
City, UT, USA) were continuously monitored and recorded. Prior to
each exercise test, the metabolic analyzer was calibrated per man-
ufacturer guidelines in the instructional manual with a calibration
gas mixture (16.00 % O, and 4.00 % CO,) and room air (20.93% O,
and 0.003 % CO,). Gas exchange data were averaged for every
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15sec, and VO,max was determined by averaging the final two
15-sec VO, average data during the GXT. The highest achieved HR
during the GXT was considered the maximal HR (HRay)-

In order to confirm ‘true VO,max,’ a verification protocol was per-
formed 20 min following the completion of the GXT. The verification
protocol included a 4-min warm-up followed by a volitional test
to exhaustion at a constant workload that was set at 5 % higher than
the last completed stage of the GXT. The workload was determined
by taking the final metabolic equivalent (MET) value for the GXT and
increasing the speed, incline, or combination of the two to achieve
a 5% higher MET value for the verification bout. Gas exchange data
and HR were continuously monitored and averaged every 15 sec.
VO,max during the verification protocol was established in the same
manner as the GXT, with the average of the final two 15-sec data
points for VO,. A ‘true VO,max’ was confirmed if the GXT and veri-
fication protocol were within +3.0 %, based on previously published
methods [10,43]. If there was a greater than + 3.0 % between the
GXT and verification bout, participants repeated the maximal exer-
cise testing with verification protocol within 24-72 h until ‘true
VO,max’ was confirmed with the 3.0 % criterion.

Determination of ventilatory thresholds

The first ventilatory threshold (VT1) and the second ventilatory
threshold (VT2) were determined based on previously published
methods [16,39]. In summary, ventilatory thresholds were deter-
mined based on visual inspection of time plotted against the ven-
tilatory equivalents of oxygen (VE/VO,) and the ventilatory equiv-
alents of carbon dioxide (VE/VCO,). VT1 was determined to occur
when VE/VO, increased without a concurrentincrease in VE/VCO,
and VT2 occurred at the point in which both VE/VO, and VEVCO,
increased simultaneously. All assessments of VT1 and VT2 were
completed by two experienced exercise physiologists. If there were
conflicting results, the original assessments were reevaluated, and
a consensus was agreed upon.

Exercise prescription

Following recruitment and prior to baseline testing, participants
were randomized into one of two exercise training groups accord-
ing to a computer-generated sequence of random numbers that
was stratified by sex. Participants exercised on 3 days a week
throughout the 12-week study with an incremental increase in HR
and duration. Exercise prescription was based on individualized or
standardized methods using ventilatory threshold measurements
or heart rate reserve (HRR), respectively. Because exercise testing
occurred every 4 weeks, values were updated based on the most
current exercise testing session. The week-to-week exercise pre-
scription for both groups has been previously published in detail
[44]. In summary, the standardized group started with an exercise
intensity between 40-45 % of HRR and progressed to 60-65 % of
HRR. The individualized group used the following criteria to estab-
lish training intensity:
= Target HR<VT1=HRrange of 10 bpm below VT1 to the HR at
VT1
= Target HR=VT1 to<VT2=HRrange of 15bpm directly
between VT1and VT2
= Target HR=VT2=HR range of 10bpm above VT2

Exercise volume was prescribed based on energy expenditure per
kg of body weight a week (kcal - kg~1-wk~T) rather than a standard
time per exercise session to establish an isocaloric exercise volume
across individuals and groups. The total weekly energy expenditure
was then divided by 3 to get the daily exercise energy expenditures.
The developed energy expenditures were then correlated to the
exercise testing gas exchange values to determine a specific dura-
tion (i. e., time in min) for each exercise session. A detailed descrip-
tion of the development of energy expenditure criteria has been
previously published [44].

Exercise training

Upon arrival to the lab, participates rested for 5 min in a seated po-
sition, and resting HR was recorded subsequently. After comple-
tion of resting measurements, participants warmed up at a self-se-
lected pace with increases in workload for 5 min until the prescribed
exercise intensity was reached. Participants then exercised for their
prescribed duration based on the calculated energy expenditure,
and HR was continuously monitored using a chest strap and radio-
telemetric receiver (Polar Electro, Woodbury, NY, USA). At approx-
imately 1/3 and 2/3 the total time, a research assistant ensured
the participant was within the correct HR range. Following the des-
ignated time, participants completed a 5 min cool-down with de-
creasing workloads until HR was within 15 bpm of resting values.

Statistical analysis

All statistical analyses were performed using SPSS Version 22.0
(Chicago, IL, USA). Data were reported as mean + standard devia-
tion (SD). Based on a power calculation previously published [44]
and an assumption of a 20 % dropout rate, 20 participants were de-
sired for each group. Baseline group differences were determined
based on an independent-samples t-test with p<0.05. All meas-
ures were analyzed by a general linear model two-way ANOVA for
repeated measures (baseline, wk 4, wk 8, and wk 12) with intensity
as the between-subject variable. When appropriate, a subsequent
post hoc comparison using a Bonferroni correction was complet-
ed. A one-way ANOVA was used to understand the changes in time
point and VO,max. The assumption of normality was tested by ex-
amining normal plots of the residuals in ANOVA models and regard-
ed as normally distributed if Shapiro-Wilk tests were not significant
[9]. Effect sizes were calculated using means and pooled SD. The
probability of making a type | error was set at p<0.05 for all statis-
tical analyses. In order to be included in the data analysis, partici-
pants needed an adherence level 270 % with strict adherence to
the targeted day-to-day exercise intensity and duration.

Results

Participants

A total of 49 participants were recruited and 39 participants com-
pleted all testing sessions with an adherence rate of 82.9+5.7%
and 86.1+4.7 % for the standardized and individualized groups, re-
spectively. The 10 participants not included in the final data were
excluded due to unrelated medical issues (1 and 2 participants in
the standardized and individualized group, respectively), self-with-
drawal from the study (3 participants in the standardized group),
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or did not achieve 270% adherence (1 and 3 participants in the
standardized and individualized group, respectively). Baseline and
every fourth week physical and physiological characteristics are
shown in > Table 1. There was no statistical significance between
pre- and post-intervention dietary intake as show in > Table 2.

Intervention fidelity for both groups in terms of intensity and
exercise duration was very high, as shown in » Table 3. In only a sin-
gleinstance (standardized week 3), the actual mean min complet-
ed were 3 min less than the target range for that week.

Time course changes

There was an overall change in VO,max from baseline to week 12
of 1.7£1.9ml-kg="-min~1and 3.4£1.5ml-kg~'-min~" for the
standardized and individualized groups, respectively. A two-way
repeated measures ANOVA revealed a main effect for group
(F=7.866; p<0.05; partial eta squared=0.175). There was a signif-
icantinteraction between group and time point (F=3.555; p<0.05;
partial eta squared =0.88). The one-way ANOVA showed a main ef-
fect for time point on VO, max for the standardized group (F=8.758;
p<0.05; partial eta squared=0.316) and individualized group
(F=29.559; p<0.05; partial eta squared =0.622). Post hoc analysis
revealed that VO,max was significantly increased during week 8 and
12 compared to baseline for both groups and differed significantly
from week 8 to week 12 for the individualized group (> Fig. 1).

GXT and verification testing

Only 4 participants (2 participants at baseline and 2 participants at
week 4) had greater than a +3.0 % difference between the GXT and
verification bout, but 3 of these tests were rescheduled, and sub-
sequently the verification protocol was confirmed. On one occa-
sion during week-4 testing, one participant had a 4.0 % difference
between GXT and verification, and a subsequent testing session to
confirm VO,max was not completed. However, VO,max was con-
firmed for all of the other testing sessions. The individual differenc-
es and group means for VO,max in the GXT and verification bout
can be seenin > Fig. 2, and the speed, incline, and duration for the
GXT and verification protocol are highlighted in » Table 4.

Discussion

This study sought to compare the VO,max time course changes
at 4-week increments between a standardized and individualized
12-week CRF training program with exercise intensity established
based on %HRR or ventilatory thresholds. The main finding from
the present study was that our preliminary data, although not sta-
tistically significant, demonstrates that an individualized approach
to method of exercise intensity prescription elicits more rapid and
potent improvement in VO,max relative to a standardized para-
digm. Indeed, at week 4, there was nearly a two-fold greater im-
provement for the individualized group compared to the standard-
ized group. Furthermore, even though both training approaches
elicited a statistically significant improvement in VO,max at week
12 compared to baseline, there was a 41 % higherimprovement in
the individualized group compared to the standardized group
based on mean percent changes. Moreover, these changes in CRF
are due to ‘true’ adaptation based on the use of a verification bout
to confirm that VO,max was achieved and results were not report-
ed as simply peak values. Overall, these novel findings add to the
growing body of evidence [7, 11,45] that an individualized exer-
cise prescription for steady-state aerobic exercise enhances train-
ing adaptations.

Our findings that VO,max increased 1.7+1.9ml-kg="-min~1
and 3.4+ 1.5ml-kg~1-min~" for the standardized and individual-
ized groups, respectively, following the 12-week intervention were
consistent with previous findings using similar exercise prescrip-
tion protocols for 12 weeks [45] and 13 weeks [11]. However, re-
sults from this study are the first to demonstrate the difference in
time course changes between a standardized and individualized
exercise prescription. Based on our findings, it was shown that after
8 weeks there is a statistically significant improvement in VO,max
compared to baseline. These results are consistent with previous
findings [14, 33]. Following the first 9 weeks of training at either a
high (80-85% VO,max) or low intensity (45 % VO,max) during an
18-week training intervention, 74 and 90 % of the overall changes
were demonstrated in the high and low intensity, respectively [ 14].
When comparing these results with those seen in the current 12-week

> Table 1 Physical and physiological characteristics at baseline, week 4, week 8, and 12 weeks for standardized and individualized groups.

Parameter Standardized Individualized
(n=20; women=16, men=4) (n=19; women =14, men=>5)

Baseline Week 4 Week 8 Week 12 Baseline Week 4 Week 8 Week 12
Age (yr) 51.2£12.5 - - 44.9:11.4 - -
Height (cm) 168.3+9.5 - - 172171 - -
Weight (kg) 83.9£20.7 | 84.0£20.3 83.9£20.4 | 83.8:203 | 80.6%16.2 80.7¢15.8 | 80.2%15.2 | 79.9%15.2
BMI 29.5%+5.5 29.5+5.3 29.5+5.4 29.4+5.3 27.1+4.2 26.9+4.0 26.9+3.8 26.8+3.8
Resting HR (b-min~") 70.0£8.8 69.9+11.2 68.1+8.4 68.2+8.0 68.8+9.7 72.4+8.7 69.3+9.4 68.1+£11.4
Maximal HR (b-min~1) 165.2+16.1 164.5+16.2 166.3+£16.3 | 164.9+15.1 170.1+£18.4 171.7+16.5 170.7+14.7 169.2+14.4
VO,max (L-min~1) 2.0+£0.6 2.1£0.6 2.2+0.6™ 2.2+0.6 2.4+0.8 2.5+£0.8 2.5+0.8% 2.6+0.8f
% Diff in VO,max (GXT -0.2+1.8 0.0£1.9 0.6+1.7 -0.4+1.8 0.2+1.7 0.6%2.1 0.7%£1.8 -0.7%£1.7
and Verification)
% A in Absolute - 2.0+6.7 6.9+8.4 7.5+7.7 - 3.9+8.0 6.1+6.5 10.6+5.3
VO,max
Values are mean +SD. BMI, basal metabolic rate; GXT, graded exercise test; HR, heart rate; A, change; VO,max, maximal oxygen uptake; fSignificantly
different from previous time point; significantly different from baseline
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intervention, 90 % of the overall change in VO,max was seen by
week 8 for the standardized group. However, for the individualized
group, only 55% of the overall change in VO,max at week 8 was
seen. This is lower than previously reported for the same time point
(i. e. week 8) and indicating there was a greater magnitude of
change from week 8 to 12 in the current investigation compared
to week 8 to 18 previously [14]. This is also noteworthy because
the change in VO,max between week 8 and 12 for the individual-
ized group was the only time in which there was a statistically sig-
nificant change compared to the preceding time points.

To our knowledge, the current study was the first to use a veri-
fication protocol to confirm VO,max when investigating time
course changes when comparing exercise intensity prescription

> Table 2 Alterations in dietary intake in response to 12 weeks of stand-
ardized or individualized CRF training in sedentary adults.

Parameter Baseline Week 12

Standardized
Calorie intake (kcal) 1520.3+563.2 1518+500.8
Carbohydrate (g) 160.4+60.5 158.8+63.9
Lipid (g) 61.1£31.2 62.8+26.4
Protein (g) 64.1£16.4 63.8+£22.0
Carbohydrate (%) 41.7+6.9 40.9+7.8
Lipid (%) 35.9£9.2 37.1£8.4
Protein (%) 18.2+6.3 17.8£5.1

Individualized

Calorie intake (kcal) 1539.2+493.0 1555.8+403.8

Carbohydrate (g) 168.2+£68.6 164.5+57.2
Lipid (g) 68.6+23.4 67.5£13.6
Protein (g) 73.6+£36.6 64.8+25.2
Carbohydrate (%) 43.1+8.2 41.9+6.7
Lipid (%) 40.77.9 40.6+8.1
Protein (%) 19.6+10.6 16.5£3.8

Values are mean+SD

using HRR or ventilatory thresholds. Ensuring that a maximal aer-
obicvalue is achieved when investigating any changes due to mod-
ifying or differing exercise doses is imperative to understand true
changes occurring from the intervention and not owing to how
aerobic capacity is measured. Historically, a plateau in VO,max
(i.e.,<150ml-min~") at the ending stages of a GXT has been the
primary criterion to determine ‘true VO,max’ [41]. However, there
has been inconsistency regarding the value for a plateau with the
use of <150 ml-min~1to<50ml-min~1[38], and there has been an
incidence in plateau ranging from 0% [34] to 100 % [3]. Therefore, the
use of secondary criteria was proposed [20], but has since been high-
ly criticized [6,31]. Based on these considerations, VO,peak rather
than VO,max has been recorded as a common aerobic outcome
measure, especially when reporting functional capacity and fitness
changes, and is used to prescribe exercise interventions [8,18,21,33].
Unfortunately, VO,peak does not directly indicate that aerobic adap-
tations have occurred due to the lack of sensitivity of this measure-
ment [31]. Recently, although there is still debate on the overall
topic [29], the use of a verification protocol to confirm VO,max has
been identified as a practical and sensitive measure to ensure that
a ‘true’ maximal aerobic value has been achieved [38]. Further-
more, participants tend to exhibit greater maximal effort following
a training intervention due to expecting improvements [25]. In-
deed, it could be noted that a change in VO,peak could be due to
a greater increase in effort if there is minimal consideration to the
testing methodology. With the use of a verification protocol, this
overestimation of training adaptations is mitigated by ensuring all
measurements are a ‘true VO,max’ and representative of training
adaptations [10,31].

The relative percent method (i. e., using percentages of HR .,
HRR, VO,max, and VO, reserve [VO,R]) has been a common prac-
tice for prescribing exercise intensity. However, these values may
not be sensitive enough to provide a workload that elicits the de-
sired metabolic response [22,42]. For example, a workload of 75 %
VO,max ranged between 86-118 % of the individual lactate thresh-

> Table 3 Exercise prescription and progression for standardized and individualized exercise prescription based on percentage of heart rate reserve and

ventilatory thresholds, respectively.

Standardized Individualized
Week | Target HR Actual HR | Target Min Actual Min | Target HR Actual HR | Target Min Actual Min
1 108+10to 11311 113+£12 27+6t032+9 3219 105+14to 115£14 114+14 26t6to31+9 3148
2 108+10to 11311 113+£11 41+10t048+13 | 4611 105+14to 115£14 114+14 39+10to47+14 | 449
3 108+10to 11311 114+12 54+13to64+17 | 51£10 105+£14to 115£14 114+13 52+13t063+18 | 54%9
4 118+11to 12311 12012 45+8t049+8 47+8 122+15t0 13615 131+15 38+8t048+13 42+9
5 124+11to 12811 126112 42+8t047+8 45+7 122+15t0 13615 134+17 38+8to48+13 43+9
6 124+11t0128+11 12712 42+8t047+8 45+7 122+15t0 136+15 135+16 38+8t048+13 44+9
7 124+11t0128+11 12711 48+91t053+9 49+7 122+15t0 13615 133+17 41+8t052+11 49+9
8 124+11t0 128+11 127+12 52+10to58+10| 53+8 125+14t0 139+15 134+16 45+8to 5711 509
9 129+11to 134£12 13112 48+8to53+9 51+8 144+15t0 154+15 14917 37+9to42+10 40+10
10 129+11to 134+12 132+12 48+8to53+9 50+7 144+15t0 154+15 148+17 37+9to42+10 40+10
11 129+11to 134£12 13311 53+9to59+9 53+6 144+15t0 154+15 148+17 41+10to 4711 | 44+£10
12 129+11to 134£12 13313 53+9to59+9 53+6 144+15t0 154+15 14717 41+£10to47+11 | 45+10
Values are mean £SD. HR, heart rate; VT1, first ventilatory threshold; VT2, second ventilatory threshold.; Mean +SD HR values represent the average of all
three training days within each week with averages calculated based on the recorded measurements obtained at 1/3 and 2/3 time points during each
exercise session.
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old [24]. Similarly, 22 and 78 % of participants exceeded the indi-
vidual lactate threshold at 60 and 75 % of VO,max, respectively.
Some participants were above and others below the lactate thresh-
old at a workload associated with 70 £ 1 % of VO,R [36]. Further-
more, Azevedo et al. [4] found the ventilatory threshold occurred
at78+7 % HR,xand 70+ 10 % HRR. Based on these findings, it can
be implied that workloads established with the use of the relative
percent method increases variability in the metabolic response to
exercise. Based on our current findings, we found that when steady-
state aerobic exercise is prescribed on an individual basis using VT1
and VT2 as points to base exercise intensity and progression, there
was a superior interaction between VO,max and time point com-
pared to the standardized group. We believe this is due to taking
into consideration individual metabolic characteristics with the ex-
ercise prescription and the relative percent intensity providing var-
iation in metabolic demands due to the exercise intensity prescrip-
tion [23].

From a practical standpoint, it could be suggested that either
the use of anisocaloric dose of steady-state aerobic exercise using
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> Fig. 1 Group relative VO,max at baseline, week 4, week 8, and
week 12 for standardized and individualized exercise prescription.
fSignificantly different from previous time point; fsignificantly differ-
ent from baseline.

HRR or threshold measures can increase VO,max following 12
weeks of CRF training. However, it should be noted that the indi-
vidualized training group using ventilatory thresholds provided
more rapid and greater change in VO,max. Such training might
therefore underpin its potential relatively greater efficacy for pre-
scription purposes by taking into account individual metabolic
characteristics that are not considered when using relative percent
methods. Therefore, it is recommended that steady-state aerobic
exercise prescription for sedentary individuals should be complet-
ed based on threshold measurements to take into consideration
individual metabolic characteristics and enhance training adapta-
tions. Furthermore, based on our data, if aerobic training adapta-
tions are not observed after 8 weeks of steady-state aerobic train-
ing, modifying the exercise prescription intensity or method of in-
tensity prescription (i. e., changing from a relative percent method
to an individualized method) should be considered to achieve the
desired results.

Limitations

A potential risk for selection bias exists in the present study because
the principal investigator was aware to which treatment group par-
ticipants were allocated and also performed all GXT and verifica-
tion protocol testing. However, the application of the verification
protocol likely minimized any potential selection bias due to its ro-
bustness for verifying ‘true VO,max.” Even though the participants
included in the study represent a standard exercise clinic demo-
graphic, there was a large age range and therefore the study group
not homogenous. There may be heterogeneity in results due to
age alone. Furthermore, men were underrepresented, accounting
foronly 23 % of the participants. At baseline, there was a significant
difference in VO,max values with the individualized group having
higher values. However, although not statistically significant, based
on the results of the study the individualized group improved great-
er than the standardized group when, in theory, they had a lower
capacity to improve. Lastly, the issue of training responsiveness is
anuanced area of study with multiple outcomes to assess, but the
current investigation identified only CRF (i. e., VO,max) changes.
Future studies should take into consideration these limitations to
further address the time course changes in these exercise intensi-
ty prescription methods. Similarly, further research is warranted to
investigate a more comprehensive approach to understanding time
course changes with the development of a composite score to ex-
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> Table 4 Graded maximal exercise test and verification protocol speed, grade, and duration for baseline, week 4, week 8, and week 12 testing.

Standardized Individualized Group
Time Point Parameter GXT Verification GXT Verification GXT Verification
Baseline Speed (km- ) 5.2%£0.9 5.2%0.9 6.1x1.4 6.1x1.4 5.6%1.3 57%1.3
Grade (%) 10.7+2.7 11.4£2.7 10.5+2.7 11.2£2.6 10.6+2.7 11.3£2.6
Duration (sec) 684.8+127.3 148.5+28.3 672.6+£147.8 147.6+38.8 678.8£136.0 148.1+33.4
Week 4 Speed (km-~7) 5.4%0.8 5.5£0.7 6.1x1.3 6.2+1.3 5.7+1.1 5.8%1.1
Grade (%) 10.0+£2.0 10.7+1.8 12.0+£3.3 12.7+3.2 11.0+£2.9 11.7+2.7
Duration (sec) 654.0+111.7 154.5+33.0 665.5+137.5 145.3+27.9 659.6+123.4 150.0+30.6
Week 8 Speed (km--1) 5.5+0.7 5.5+0.7 6.1+1.5 6.2+1.5 5.8+1.2 5.8+1.2
Grade (%) 10.0+1.4 10.9£1.3 12.1£3.2 12.8+3.0 11.0£2.6 11.8+£2.4
Duration (sec) 638.3£62.4 141.8+32.1 675.0+£114.0 148.4+29.1 656.2+91.9 145.0+30.5
Week 12 Speed (km-~7) 5.6+0.8 5.6£0.8 6.6+1.8 6.7+1.8 6.1x1.4 6.1x1.5
Grade (%) 10.3%1.4 11.2£1.4 10.5£3.0 11.3£2.8 10.4£2.3 11.2£2.1
Duration (sec) 681.8+81.2 143.3£35.6 652.9+142.6 168.2+31.1 667.7£114.6 155.4+35.3

Values are mean £SD. GXT, graded exercise test.

plore all training responsiveness factors (i. e., aerobic and cardio-
metabolic measurements).

Conclusion

In conclusion, an individualized exercise prescription based on met-
abolic characteristics elicits a more rapid and effective improve-
ment in CRF. On a practical level and based on our data, exercise
specialists may consider a reevaluation of the CRF training program
for previously sedentary individuals if improvements in VO,max
are not observed after 8 weeks of training. Lastly, for the first time,
we have demonstrated that the verification procedure can be suc-
cessfully employed to confirm ‘true’ changes in VO,max following
exercise training comparing exercise intensity prescription differ-
ences using HRR and ventilatory threshold methods.

Conflict of Interest

Authors declare that they have no conflict of interest.

References

[1] American College of Sports Medicine. ACSM’s Guidelines for Exercise
Testing and Prescription. 9th ed Baltimore, MD: Lippincott Williams &
Wilkins; 2014

[2

Astorino T, White A, Dalleck L. Supramaximal testing to confirm
attainment of VO,max in sedentary men and women. Int | Sports Med
2009; 30: 279-284

Astorino TA, Robergs RA, Ghiasvand F, Marks D, Burns S. Incidence of
the oxygen plateau at VO,max during exercise testing to volitional
fatigue. | Exer Phys Online 2000; 3: 1-12

Azevedo LF, Perlingeiro PS, Brum PC, AMW Braga, Negrdo CE,
de Matos LDNJ. Exercise intensity optimization for men with high
cardiorespiratory fitness. ] Sport Sci 2011; 29: 555-561

Barry VW, Baruth M, Beets MW, Durstine JL, Liu ], Blair SN. Fitness vs.
fatness on all-cause mortality: A meta-analysis. Prog Cardiovasc Dis
2014; 56: 382-390

3

[4

5

[6] Beltz NM, Gibson AL, Janot |M, Kravitz L, Mermier CM, Dalleck LC.
Graded exercise testing protocols for the determination of VO,max:

Historical perspectives, progress, and future considerations. ] Sport
Med 2016; 2016 1-12

Buford TW, Roberts MD, Church TS. Toward exercise as personalized
medicine. Sports Med 2013; 43: 157-165

Chmelo EA, Crotts Cl, Newman |C, Brinkley TE, Lyles MF, Leng X, Marsh
AP, Nicklas BJ. Heterogeneity of physical function responses to exercise
training in older adults. ] Am Geriatr Soc 2015; 63: 462-469

[7

8

[9

Cohen |. Statistical Power Analysis for the Behavioral Sciences. 2nd ed
Hillsdale, N.J: Lawrence Erlbaum Associates; 1988

[10] Dalleck LC, Astorino TA, Erickson RM, McCarthy CM, Beadell AA, Botten BH.

Suitability of verification testing to confirm attainment of VO,max in
middle-aged and older adults. Res Sports Med 2012; 20: 118-128

[11] Dalleck LC, Haney DE, Buchanan CA, Weatherwax RM. Does a
personalised exercise prescription enhance training efficacy and limit
training unresponsiveness? A randomised controlled trial. | Fit Res
2016; 5: 15-27

[12] Foster C, Kuffel E, Bradley N, Battista RA, Wright G, Porcari |P, Lucia A,

deKoning JJ. VO,max during successive maximal efforts. Eur | Appl
Physiol 2007; 102: 67-72

[13] Franklin BA, Lavie CJ, Squires RW, Milani RV. Exercise-based cardiac
rehabilitation and improvements in cardiorespiratory fitness: Implications
regarding patient benefit. Mayo Clin Proc 2013; 88: 431-437

[14] Gaesser GA, Rich RG. Effects of high- and low-intensity exercise
training on aerobic capacity and blood lipids. Med Sci Sports Exerc
1984; 16: 269-274

[15] Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee I-M,
Nieman DC, Swain DP. Quantity and quality of exercise for developing
and maintaining cardiorespiratory, musculoskeletal, and neuromotor
fitness in apparently healthy adults: Guidance for prescribing exercise.
Med Sci Sports Exerc 2011; 43: 1334-1359

[16] Gaskill SE, Walker AJ, Serfass RA, Bouchard C, Gagnon J, Rao DC,
Skinner JS, Wilmore JH, Leon AS. Changes in ventilatory threshold with
exercise training in a sedentary population: The Heritage Family Study.
Int ] Sports Med 2001; 22: 586-592

[17] Harriss D, Macsween A, Atkinson G. Standards for ethics in sport and
exercise science research: 2018 update. Int | Sports Med 2017; 38:
1126-1131

[18] Hautala A}, Kiviniemi AM, Makikallio TH, Kinnunen H, Nissild S, Huikuri
HV, Tulppo MP. Individual differences in the responses to endurance
and resistance training. Eur ] Appl Physiol 2006; 96: 535-542

E38 Weatherwax R et al. Time Course Changes In... Sports Medicine International Open 2019; 3: E32-E39



[19]

20]

[21]

[22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

Weatherwax R et al. Time Course Changes In... Sports Medicine International Open 2019; 3: E32-E39

Hawkins MN, Raven PB, Snell PG, Stray-Gundersen ], Levine BD.
Maximal oxygen uptake as a parametric measure of cardiorespiratory
capacity. Med Sci Sports Exerc 2007; 39: 103-107

Howely ET, Bassett DR, Welch HG. Criteria for maximal oxygen
uptake: Review and commentary. Med Sci Sports Exerc 1995; 27:
1292-1301

Karavirta L, HiKkinen K, Kauhanen A, Arija-Blazquez A, Sillanpda E,
Rinkinen N, HaKkinen A. Individual responses to combined endurance
and strength training in older adults. Med Sci Sports Exerc 2011; 43:
484-490

Katch V, Weltman A, Sady S, Freedson P. Validity of the relative percent
concept for equating training intensity. Eur | Appl Physiol O 1978; 39:
219-227

Mann T, Lamberts RP, Lambert MI. Methods of prescribing relative
exercise intensity: Physiological and practical considerations. Sports
Med 2013; 43: 613-625

Meyer T, Gabriel HHW, Kindermann W. Is determination of exercise
intensities as percentages of VO,max or HRmax adequate? Med Sci
Sports Exerc 1999; 31: 1342-1345

Meyer T, Scharhag |, Kindermann W. Peak oxygen uptake: Myth and
truth about an internationally accepted reference value. Clin Res
Cardiol 2005; 94: 255-264

Midgley AW, Carroll S. Emergence of the verification phase procedure
for confirming “true’ VO,max. Scand | Med Sci Sports 2009; 19:
313-322

Midgley AW, McNaughton L, Carroll S. Verification phase as a useful
tool in the determination of the maximal oxygen uptake of distance
runners. Appl Physiol Nutr Metab 2006; 31: 541-548

Murias JM, Kowalchuk JM, Paterson DH. Time course and mechanisms

of adaptations in cardiorespiratory fitness with endurance training in
older and young men. | Appl Physiol 2010; 108: 621-627

Murias JM, Pogliaghi S, Paterson DH. Measurement of a true VO,max
during a ramp incremental test is not confirmed by a verification
phase. Front Physiol 2018; doi: 10.3389/fphys.2018.00143

NiemelA K, Palatsi I, Linnaluoto M, Takkunen |. Criteria for maximum
oxygen uptake in progressive bicycle tests. Europ | Appl Physiol 1980;
44:51-59

Poole DC, Jones AM. Measurement of maximum oxygen uptake
VO,max: VO,peak is no longer acceptable. | Appl Physiol 2017; 122:
997-1002

Poole DC, Wilkerson DP, Jones AM. Validity of criteria for establishing

maximal O,uptake during ramp exercise tests. Eur ] Appl Physiol 2008;
102: 403-410

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

(44]

(45]

Ross R, de Lannoy L, Stotz P). Separate effects of intensity and amount
of exercise on interindividual cardiorespiratory fitness response. Mayo
Clin Proc 2015; 90: 1506-1514

Rossiter HB, Kowalchuk JM, Whipp BJ. A test to establish maximum

O,uptake despite no plateau in the O,uptake response to ramp
incremental exercise. ] Appl Physiol 2006; 100: 764-770

Sawyer BJ, Tucker W], Bhammar DM, Gaesser GA. Using a verification

test for determination of VO,max in sedentary adults with obesity.
] Strength Cond Res 2015; 29: 3432-3438

Scharhag-Rosenberger F, Meyer T, GaRler N, Faude O, Kindermann W.

Exercise at given percentages of VO,max: Heterogeneous metabolic
responses between individuals. ] Sci Med Sport 2010; 13: 74-79

Scharhag-Rosenberger F, Meyer T, Walitzek S, Kindermann W. Time
course of changes in endurance capacity: A 1-yr training study. Med
Sci Sports Exerc 2009; 41: 1130-1137

Schaun GZ. The maximal oxygen uptake verification phase: A light at
the end of the tunnel? Sports Med Open 2017; 3: 1-15

Shimizu M, Myers ], Buchanan N, Walsh D, Kraemer M, McAuley P,
Froelicher V. The ventilatory threshold: Method, protocol, and
evaluator agreement. Am Heart ] 1991; 122: 509-516

Swift DL, Lavie CJ, Johannsen NM, Arena R, Earnest CP, O’Keefe |H,
Milani RV, Blair SN, Church TS. Physical activity, cardiorespiratory
fitness, and exercise training in primary and secondary coronary
prevention. Circ | 2013; 77: 281-292

Taylor HL, Buskirk E, Henschel A. Maximal oxygen intake as an objective
measure of cardio-respiratory performance. | Appl Physiol 1955; 8: 73-80

Vollaard NBJ, Constantin-Teodosiu D, Fredriksson K, Rooyackers O,
Jansson E, Greenhaff PL, Timmons JA, Sundberg CJ. Systematic analysis
of adaptations in aerobic capacity and submaximal energy metabolism
provides a unique insight into determinants of human aerobic
performance. | Appl Physiol 2009; 106: 1479-1486

Weatherwax R, Richardson T, Beltz N, Nolan P, Dalleck L. Verification

testing to confirm VO,max in altitude-residing, endurance-trained
runners. Int | Sports Med 2016; 37: 525-530

Weatherwax RM, Harris NK, Kilding AE, Dalleck LC. The incidence of
training responsiveness to cardiorespiratory fitness and cardiometa-
bolic measurements following individualized and standardized exercise
prescription: study protocol for a randomized controlled trial. Trials
2016; 17: 601

Wolpern AE, Burgos DJ, Janot |M, Dalleck LC. Is a threshold-based
model a superior method to the relative percent concept for
establishing individual exercise intensity? A randomized controlled
trial. BMC Sports Sci Med Rehab 2015; 7: 1-9

E39



