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Abstract
The aim of this study was to evaluate the effects of a high-intensity semi-supervised 
exercise programme alongside lifestyle counselling on cardiorespiratory adaptation to 
exertion in sedentary adults with cardiometabolic risk factors. Forty-week three-arm 
randomized controlled clinical trial (16-week intervention and 24-week follow-up). 
Sedentary adults (23 men, 38 women) aged 34-to-52 years (M = 44.6, SD = 4.6), with 
at least one cardiometabolic risk factor were randomized into one of the following 
arms: (1) aerobic interval training plus lifestyle counselling (AIT); (2) low-to-moderate-
intensity continuous training plus lifestyle counselling (TCT); or (3) lifestyle counselling 
alone (COU). Cardiorespiratory fitness, in terms of peak oxygen uptake (VO2peak) and 
oxygen uptake at the respiratory compensation point (VO2RCP), ventilatory efficiency 
index (VE-VCO2 slope), oxygen uptake efficiency slope (OUES), were assessed at 
baseline, after the intervention and at follow-up. All intervention programmes induced 
comparable significant changes in cardiorespiratory fitness, but changes in VO2peak 
differed according to whether participants could reach maximal criteria at baseline or 
not. Intervention was more effective for participants that were unable to reach maximal 
criteria at baseline than for those that reached maximal criteria. In participants that did 
not reach maximal criteria at baseline, VO2peak increased significantly. All intervention 
programmes induced comparable significant but non-persistent increases in VO2VT, no 
changes in VE-VCO2 slope and persistent improvements of OUES. Semi-supervised 
AIT intervention had positive effects on physiological adaptation to exertion and 
cardiorespiratory fitness but did not differ substantially from TCT or COU.

Keywords: cardiopulmonary exercise testing, graded exercise test, metabolic 
syndrome, oxygen consumption, oxygen uptake efficiency slope, ventilatory efficiency 
index.
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Introduction
Metabolic syndrome (MetS), a cluster of cardiometabolic 

risk factors, has a strong negative impact on cardiovascular 

health and premature death (Gami et al., 2007). 

Epidemiological evidence indicates that unhealthy lifestyles 

are closely linked to the increasing prevalence of MetS 

and other non-communicable diseases worldwide (WHO, 

2018). Lifestyle modifications have shown positive results 

in preventing and managing cardiometabolic risk (Pattyn 

et al., 2013).

Physical activity is considered a keystone of a healthy 

lifestyle and the health benefits of moderate-intensity 

exercise are well established (Pedersen & Saltin, 2015). 

However, for some years now, there has been growing 

interest in high-intensity interval training (HIIT), 

particularly aerobic interval training (AIT), in real-

healthcare settings (Pattyn et al., 2013). Current evidence 

has revealed the potential of AIT as a valuable strategy 

to reduce the prevalence of cardiometabolic risk factors 

(Tjønna et al., 2018). 

The level of cardiorespiratory fitness (CRF) has also 

been identified as an independent and strong predictor of 

mortality (Lee et al., 2010; Myers et al., 2015). In a recent 

systematic review, Lee (2020) reports that regardless of 

obesity status, low CRF was associated with 3.59 times 

higher metabolic syndrome risk, while high CRF decreased 

it by 77%. According to Knaeps et al. (2018), a combination 

of decreasing sedentary behaviour (SB) and increasing 

moderate-to-vigorous physical activity (MVPA), resulting 

in positive change in CRF, is likely to be most beneficial 

for cardiac and metabolic health.

CRF is commonly assessed by means of peak oxygen 

uptake (VO2peak) measured during cardiopulmonary exercise 

testing (CPET). An increase in VO2peak of 3.5 mL/kg/min 

(1-MET: metabolic equivalent) results in an improvement in 

survival of between 10% and 25% in both genders (Myers 

et al., 2015). It has been reported that the reduction in 

mortality may be even higher (30% per 1-MET increase) 

in low-fit individuals (<5 MET of functional capacity) 

with cardiovascular disease that participate in cardiac 

rehabilitation programmes (Myers et al., 2015).

AIT has consistently shown better results than traditional 

continuous training (TCT) when it comes to improving 

VO2peak (Pattyn et al., 2014; Wisløff et al., 2007). Given 

that low VO2peak is associated with premature mortality 

and cardiovascular risk (Lee, 2020; Myers et al., 2015), 

the potential ability of AIT to improve this parameter is, 

from the health perspective, a promising finding.

Besides VO2peak, CPET allows to assess several indices 

that are relatively independent of maximal effort, including 

the ventilatory efficiency index (ventilation vs. carbon 

dioxide output slope (VE-VCO2 slope)) and the oxygen 

uptake efficiency slope (OUES) (Baba et al., 1996). These 

indices are integrated measurements of physiological 

adaptation to exercise. They have prognostic value, are 

sensitive to change and relevant to evaluate the progression 

of the exercise capacity in patients with cardiac disease or 

mitochondrial myopathy (Akkerman et al., 2010). To our 

knowledge, there are few studies that evaluate the effects 

of HIIT interventions on these indices in individuals with 

metabolic syndrome (Guio de Prada et al., 2019a).

As a final point, although the efficacy of AIT to induce 

physiological improvements in a well-controlled research 

environment is no longer in doubt, questions remain 

regarding the extent to which its benefits are transferable 

to a less-controlled clinical environment (effectiveness). 

The evidence regarding the effectiveness of interventions 

promoting physical activity is inconsistent, because 

frequently exercise programmes have large dropout rates 

after a few weeks or months. Moreover, most studies have 

focussed on the short-term efficacy, but have not reported 

the persistence of effects. However, to achieve long-lasting 

and successful outcomes, these programmes need to include 

actions to help individuals enhance their self-efficacy, 

improving literacy and providing self-control tools (WHO, 

2018). In this regard, our study analyses the short and 

medium-term effects and includes a lifestyle counselling 

intervention that incorporates strategies for promoting 

regular physical activity, minimizing sedentary behaviour, 

improving dietary habits, and enhancing participants’ 

self-efficacy. 

The primary aim of this study was to evaluate the 

effectiveness of a semi-supervised aerobic interval training 

programme alongside lifestyle counselling (AIT) on 

cardiorespiratory fitness in terms of VO2peak, oxygen uptake 

at the respiratory compensation point (VO2RCP), VE-VCO2 

slope and OUES in sedentary adults with cardiometabolic 

risk factors. This intervention was compared to low-to-

moderate-intensity continuous training plus lifestyle 

counselling (TCT) and to lifestyle counselling (COU) 

alone. It was hypothesized that AIT would exhibit better 

results in terms of improving CRF than TCT or COU.
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Materials and Methods

Design
A three-arm randomized controlled clinical trial 

(NCT02832453) was implemented in a primary care setting 

over a period of 16 weeks, with a 24-week follow-up. It 

included two semi-supervised exercise groups with different 

levels of exercise intensity (AIT and TCT), and a non-

exercise control group (COU) (Ensenyat et al., 2017, 2020).

Participants 
Initially, the study comprised 75 (26 men, 49 women) sedentary 

volunteers, 34 to 55 years old. To be eligible, participants should 

be between 30 and 55 years old, spent most of their awaken time 

in sedentary behaviour (sitting, lying down) and have at least 

one cardiometabolic risk factor (waist circumference >94.5 cm 

for men, and >89.5 cm for women; blood pressure ≥130/ 85 

mmHg; triglycerides in plasma ≥150 mg/dL; HDLc in plasma 

<40 mg/dL for men and <50 mg/dL for women; fasting glucose 

≥100 mg/dL). Individuals with severe health problems (morbid 

obesity, significant cardiopulmonary diseases, neuromuscular 

or psychiatric disorders) or diseases that may contraindicate 

performing physical exercise were excluded (Ensenyat et al., 

2017, 2020).

Participants were recruited from primary healthcare 

centres and advertisements in the media. All participants 

were fully informed of the experimental procedures and 

provided written informed consent prior to enrollment. Then 

they were randomly assigned to one of the study groups (AIT, 

TCT, or COU) (Figure 1).

Figure 1
Participant’s flow chart.

Note: Participants included in the Bellugat trial [Ensenyat, 2020 3078 /id] but that did not successfully perform the cardiorespiratory 
fitness test are excluded from the participant’s flow chart.
CRF: cardiorespiratory fitness test; AIT: aerobic interval training study group; COU: counselling study group. TCT: traditional 
continuous training study group.
T0: baseline assessment; T1: 16-week intervention assessment; T2: 24-week follow-up assessment

Call for participation  
(newspaper, televisión, e-mail distributions, community ads)

Orientation visit (n = 101)

Baseline (T0 = 0 week) 
assessment

Accepted to participate  
(n = 77; 27 men, 51 women)

EXCLUDED (n = 2)
• Not meeting inclusion criteria (n = 2)

EXCLUDED (n = 14)
• Declined to perform the CRF fitness test (n = 6)
• Clinical reasons (n = 1)
• Technical problems (n = 7)

Randomization  
(n = 75)

(26 men, 49 women)

Allocated to Counselling group (n = 18)

Received allocated intervention (n = 18)

Analysed (n = 18)
• Excluded from analysis (n = 0)

Allocated to Counselling + AIT group (n = 20)

Received allocated intervention (n = 20)

Analysed (n = 20)
• Excluded from analysis (n = 0)

Allocated to Counselling + TCT group (n = 23)

Received allocated intervention (n = 23)

Analysed (n = 23)
• Excluded from analysis (n = 0)

Completed post-intervention  
(T1 = 16 weeks) assessments (n = 18)
 
Lost to assessment
• Did not attend (n = 0)

Completed follow-up  
(T2 = 30 weeks) assessments (n = 15)
 
Lost to follow-up
• Did not attend (n = 3)

Completed post-intervention  
(T1 = 16 weeks) assessments (n = 20)
 
Lost to assessment
• Did not attend (n = 0)

Completed follow-up  
(T2 = 30 weeks) assessments (n = 15)
 
Lost to follow-up
• Did not attend (n = 5)

Completed post-intervention  
(T1 = 16 weeks) assessments (n = 23)
 
Lost to assessment
• Did not attend (n = 0)

Completed follow-up  
(T2 = 30 weeks) assessments (n = 21)
 
Lost to follow-up
• Did not attend (n = 2)
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Study procedures were approved by the Clinical 

Research Ethics Committee of the Institute for Primary 

Health Care Research Jordi Gol (IDIAP) (registration 

number: P15/122) and conformed to the Declaration of 

Helsinki (Cook et al., 2003). The study methods were 

consistent with the CONSORT guidelines (Schulz et al., 

2011).

Intervention
The trial comprised a 16-week intervention and a 24-

week follow-up. During the intervention phase, all groups 

were offered lifestyle counselling, which consisted of six 

50-minute group sessions and four individual sessions 

lasting 40-50 minutes each (Ensenyat et al., 2017). The 

two exercise groups (AIT and TCT) also joined a semi-

supervised physical exercise programme. This programme 

consisted of 16 supervised group training sessions lasting 

50 minutes each and 32 self-administered sessions. The 

frequency of supervised sessions decreased throughout the 

intervention, while the frequency of the pre-scheduled self-

administered sessions increased. All the training sessions 

comprised five parts: introduction, warm-up, main part (see 

below), cool-down, and conclusion. The main part differed 

between the AIT and TCT groups. AIT sessions consisted 

of four 4-minute repetitions at 80% of VO2peak, alternating 

with 2-minute active pauses at 60% of VO2peak and lasted 

a total of 24 minutes of effective exercise time while TCT 

sessions consisted of 40 minutes of moderate-intensity (60% 

of VO2peak) activities.

No discomfort or incidences were reported. Mean 

attendance of supervised exercise sessions, group and 

individual counselling sessions was 71.9% (SD = 20.2), 

83.1% (SD = 17.1) and 98.8% (SD = 5.4) of the offered 

sessions, respectively. There were no differences between 

the study groups or genders. 

Outcome measurements
Outcome measurements were recorded at baseline 

(T0 = week 0), after the intervention (T1 = week 16) and 

after the 24-week follow-up (T2 = week 40).

Cardiorespiratory graded exercise test 
Participants completed a voluntary maximal graded exercise 

test on a cycle ergometer (Monark 828E, Monark, Sweden). 

After a two-minute warm-up stage at 10 W, the workload 

increased 20 W every two minutes until participants were 

unable to maintain the pre-established cadence (60 rpm) or 

if abnormal responses were observed (Balady et al., 2010).

During the test, ergoespirometric variables were measured 

using the Oxycon Mobile metabolic system (Oxycon Mobile, 

Carefusion, Germany). Gas calibrations were conducted 

before each test. Heart rate was measured using a Polar 

610s chest heart rate monitor (Polar Electro YO, Kempele, 

Finland). Blood pressure was taken at 30s left within each 

stage using an automatic upper arm blood pressure monitor 

(Omron M, Omron Healthcare Europe B.V. Hoofddorp, 

the Netherlands). Before the end of the stage, participants 

reported their subjective perception of exercise using the Borg 

CR-10 scale (Borg & Kaijser, 2006). Chronotropy greater 

than 85% (Balady et al., 2010) and respiratory exchange 

ratio (RER) > 1.1 were used as criteria for having reached 

maximum exertion.

Data collection was undertaken in a well-ventilated 

laboratory room. Participants were instructed to fast and 

restrain from caffeine for 2 h prior the test and were asked 

to avoid any strenuous exercise the day before the test.

Maximal measures
Maximal (peak) ergoespirometric data for workload (W), 

oxygen uptake (VO2), dioxide production (VCO2), ventilation 

(VE), heart rate (HR), blood pressure (systolic blood pressure 

(SBP), diastolic blood pressure (DBP), and mean blood 

pressure (MBP)) were reported.

Effort-independent measures
To assess submaximal exercise capacity, the respiratory 

compensation point (RCP) was obtained by means of a 

concomitant increase in both ventilatory equivalents (VE/

VO2 and VE/VCO2) and a decrease in partial pressure of 

CO2 (PETCO2) after a plateau (Beaver et al., 1986). Two 

observers independently calculated this point, and later 

corroborated it.

Ventilatory efficiency slope was obtained by linear 

regression analysis of the relationship between ventilation 

(VE) and carbon dioxide output (VCO2) with all exercise 

data (Arena et al., 2003). Oxygen uptake efficiency slope 

(OUES) was calculated with all exercise data according to 

Baba et al. (1996) by performing a linear regression analysis 

of the relationship between VO2 and the logarithm of VE 

(VO2 = alog10VE + b).

http://www.revista-apunts.com
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Cardiometabolic risk and lifestyle 
measures

A continuous metabolic syndrome severity score 

(MetSSS) was calculated, as described by Wiley and 

Carrington (2016). The score contains six risk factors: 

waist circumference (WC), triglyceride (TG) levels, high-

density lipoprotein cholesterol (HDLc) levels, glycemia, 

systolic blood pressure (SBP) and diastolic blood pressure 

(DBP). WC was measured in triplicate following WHO 

guidelines (2011). Blood samples for determining plasma 

TG, HDLc and glucose levels were obtained after an 

overnight fast and analysed with automated methods at the 

university hospital. Blood pressure (BP) was measured at 

the level of the brachial artery of the dominant arm using 

an automated device (Omron M, Omron Healthcare Europe 

B.V. Hoofddorp, the Netherlands), with the participant in 

a relaxed sitting position. 

Active and sedentary behaviour were assessed 

objectively using the ActiGraph GT3X+ accelerometer 

(ActiGraph LLC, Pensacola, FL, USA) over seven 

consecutive days. The data from the accelerometers were 

downloaded and analysed with the ActiLife 6.0 software 

(ActiGraph, Pensacola, FL, USA). Sleeping hours were 

excluded from the analysis. The data were analysed to yield 

an overall physical activity index (number of steps per day 

and as a vector magnitude (VM) in mean counts per minute 

(CPM)) and the percentage of time spent undertaking 

different levels of physical activity (Troiano et al., 2008).

A three-day 24-h dietary record (two weekdays and 

one weekend-day) was completed to monitor the dietary 

habits of each participant. The software PCN-CSNIS 1.0 

was used to analyse the dietary records. The healthy eating 

index (HEI) was calculated to assess the participant’s 

dietary status (Basiotis et al., 2002). 

Statistical methods
To determine the sample size for this study a power 

analysis was conducted using G*Power 3.1. (Faul et al., 

2007) and the results obtained by Tjonna et al. (2008) 

in a supervised physical exercise intervention aimed at 

people with metabolic syndrome. To detect the expected 

changes with a bilateral hypothesis, an expected effect 

size of d = 0.46, a risk α of .05, a power of 80%, and 

repeated measures on 3 occasions and 3 study groups; the 

estimated number of participants was 48; 16 individuals 

per study group. The current sample of 62 people was 

considered sufficient to evaluate the hypotheses raised in 

relation to the CRF.

Data were checked for normality; then Chi-square (χ²) 

and Kruskal-Wallis (K-W) tests were used to compare the 

study arms at baseline (T0). Intention-to-treat analysis 

was performed for all the participants who completed the 

graded exercise test at baseline. Two-time frameworks were 

established: effectiveness (at the end of the intervention; T1) 

and persistence (at 24-week follow-up; T2). Wilcoxon and 

Kruskal-Wallis tests were used to analyse the differences 

between the study groups and changes over time. Continuous 

variables are expressed as the mean and standard deviation 

(SD). Categorical variables are expressed as counts (n) and 

percentages (%), unless otherwise specified.

Pearson (r) correlation was used to assess associations 

between the quantitative variables.

Significance was set at p < .05. For all analyses, SPSS 

17.0 (SPSS, Chicago, IL, USA) was used.

Results

Participants
The baseline graded exercise test was completed 

successfully by 61 (23 men, 38 women) participants (aged 

34 to 52 (M = 44.6, SD = 4.6) years) (Figure 1). There 

were no differences between the study groups regarding 

physical activity and dietary habits or any cardiometabolic 

risk factor at baseline.

Cardiometabolic risk and lifestyle 
outcomes
A significant time-effect was observed for MetSSS without 

group effect (Table 1). A significant small decrease in 

the MetSSS score was observed after the intervention. 

Changes persisted at follow-up, with 34.4% and 35.7% of 

the participants decreasing their MetSSS score by at least 

0.5 points at T1 and T2. The effects were similar in all 

study groups. 

Participants wore the accelerometer for 6.98 (SD = 0.6) 

days and 820.9 (SD = 77) minutes per day. A significant time-

effect was observed for steps/day, overall activity, sedentary 

time, MVPA and HEI without group-effect (Table 1). 
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Table 1 
Metabolic syndrome risk score and lifestyle measures at baseline (T0), after the intervention (T1) and at 24-weeks follow-up  
period (T2) (n = 61).

T0 T1 T2 T0 vs. T1 T0 vs. T2

N M SD M SD M SD
Time 
effect

PW

Group 
effect
PKW

Time 
effect

PW

Group 
effect
PKW

METABOLIC SYNDROME SEVERITY SCORE

MetSSS (Wiley 2016) 61 1.5 1.5 0.9 1.1 0.9 1.1 .000 .874 .000 .325

PHYSICAL ACTIVITY/SEDENTARY BEHAVIOUR/DIETARY HABITS

Steps/day (number) 61 8318.6 2350.5 9586.3 3633.3 9235.7 3086.6 .000 .488 .004 .938

VM (CPM) 61 649.8 144.8 697.2 195.6 694.6 170.1 .029 .155 .023 .985

Sedentary time (%a) 61 62.5 6.1 61.0 7.7 61.1 6.3 .054 .109 .037 .755

LPA (%a) 61 33.2 6.0 33.8 7.2 33.7 5.9 .264 .227 .399 .925

MVPA (%a) 61 4.4 2.0 5.2 2.7 5.2 2.5 .001 .227 .003 .936

AFMV (min/día) 61 35.8 17.1 44.6 24.9 43.3 23.0 .000 .379 .003 .903

IAS (Bassiotis, 2002) 61 45.5 17.2 51.0 15.0 55.3 16.0 .030 .195 .003 .330

Note: AIT: aerobic interval training study group; COU: counselling study group; CPM: counts per minute; HEI: Healthy eating index 
(Bassiotis, 2002); LPA: light intensity physical activity; MetSSS: metabolic syndrome severity score; MVPA: moderate-to-vigorous 
intensity physical activity; TCT: traditional continuous training study group; VM: vector magnitude.
T0: baseline assessment; T1: after the 16-week intervention assessment; T2 at 24-week follow-up assessment.
a Percentage relative to awaken time.
Data shown as mean (M) and standard deviation (SD).
PW, according to Wilcoxon test; PKW, according to Kruskall-Wallis test.

Figure 2
Distribution of participants in scenarios according to reasons for ending the cardiorespiratory test in each assessment time-point 
(scenarios).

Note: Scenario A corresponds to participants who achieved maximal criteria for CRF test at T0, T1 and T2; Scenario B corresponds 
to participants who ended the CRF test due to high blood pressure response at T0 but achieved maximal criteria for CRF at T1 and T2; 
Scenario C corresponds to participants who ended the CRF test due to high blood pressure response at T0 and T1 but who achieved 
maximal criteria for CRF test at T2. 
CRF: cardiorespiratory fitness; DBP: diastolic blood pressure; T0: baseline assessment; T1: after the 16-week intervention assessment; 
T2 at 24-week follow-up assessment.
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24-week follow-up (T2)
cardiorespiratory test

After intervention (T1)
cardiorespiratory test

Baseline (T0)
cardiorespiratory test

Analysed (HIT)
n = 43 (8  35 )

Analysed (HIT)
n = 11 (9  2 )

Analysed (HIT)
n = 6 (5  1 )

Not analysed

Did no attend
n = 8 
(1  7 )

Did no attend
n = 1 

SCENARIO A SCENARIO B SCENARIO C

Reached criteria for 
maximal exertion
n = 43 (8  35 )

Premature stop
(DBP ≥ 100 mmHg)

n = 11 (9  2 )

Premature stop
(DBP ≥ 100 mmHg)

n = 6 (5  1 )

Premature stop
(DBP ≥ 100 mmHg)

n = 1 

Reached criteria for 
maximal exertion
n = 43 (8  35 )

Reached criteria for 
maximal exertion
n = 11 (9  2 )

Premature stop
(DBP ≥ 100 mmHg)

n = 6 (5  1 )

Premature stop
(DBP ≥ 100 mmHg)

n = 1 

Reached criteria for 
maximal exertion
n = 35 (7  28 )

Reached criteria for 
maximal exertion
n = 11 (8  2 )

Reached criteria for 
maximal exertion

n = 6 (5  1 )

Premature stop
(DBP ≥ 100 mmHg)

n = 1 
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Cardiorespiratory graded exercise test
Sixty-one par ticipants completed the baseline 

cardiorespiratory test assessment. Forty-three (70.5%) 

participants accomplished it satisfactorily and reached 

criteria for maximal exertion. As Figure 2 shows, these 

participants also reached maximal effort levels at T1 and 

T2 (Scenario A). The other 18 participants (29.5%) had to 

end the baseline test prematurely due to abnormal blood 

pressure response. (Scenario B and Scenario C). There 

were no differences between study groups regarding 

reasons to end the cardiorespiratory test (χ² = 1.431, 

p = .489). 

We feel that maximal data cannot be analysed with all 

participants/scenarios pooled together. For that reason, 

we have split the analysis of VO2peak into three scenarios 

(Table 2). Effort-independent data have been analysed 

with all participants pooled together. 

VO2peak

Scenario A: At baseline (T0), there were no significant differ-

ences between study groups in relation to peak values. Peak 

respiratory exchange ratio (RERpeak) (M = 1.19, SD = 0.07), 

chronotropy (M = 85.5%, SD = 17.7) and Borg CR-10 values 

(M = 7.8, SD = 1.8) suggest a high level of effort during the test. 

A significant time-effect was observed for peak workload 

(Wpeak) without group effect (Table 3a). Despite this 

improvement, VO2peak did not change after intervention or 

at follow-up. Mean VO2peak increases tended to be better in the 

AIT group, but changes were lower than the clinical threshold 

of 3.5 mL/kg/min (Figure 3). However, the percentage of 

participants who improved their VO2peak above this threshold 

was higher in the AIT group (36%) than in the other groups 

(TCT = 28%; COU = 18%). At follow-up, the improvement 

persisted in 28% of AIT participants, but only in 5% and 

18% of participants for TCT and COU.

Table 2 
Cardiorespiratory fitness test data at baseline (T0), after the intervention (T1) and at 24-weeks follow-up period (T2).

T0 T1 T2 T0 vs. T1 T0 vs. T2

N M SD M SD M SD
Time 
effect

PW

Group 
effect
PKW

Time 
effect

PW

Group 
effect
PKW

PEAK WORKLOAD

Wpeak (W)

All 61 118.39 36.58 138 40 138.9 42.0 .000 .757 .000 .739

A 43 119.3 37.3 129.3 40.1 127.5 41.4 .000 .757 .002 .739

B 11 120 38.7 164.5 35.9 170 29.7 .003 .772 .003 .727

C 6 103.3 30.11 146.7 23.38 156.7 32.7 .066 .519 .057 .454

VO2peak  
(mL/kg/min)

All 61 23.8 6.0 26.2 6.8 25.3 6.9 .001 .206 .101 .005

A 43 24.5 5.9 25.4 7.0 23.9 6.8 .299 .206 .356 .005

B 11 23.5 6.3 29.1 6.3 28.1 6.9 .003 .824 .021 .591

C 6 19.5 6.1 25.1 4.5 28.0 3.2 .046 .888 .028 .213

VENTILATORY THRESHOLD WORKLOAD

WVT (W) 61 98.5 29.5 112.0 30.5 105.4 32.1 .001 .579 .172 .590

VO2VT (mL/kg/min) 61 16.1 4.2 18.2 4.4 16.7 4.4 .000 .930 .528 .216

pVO2VT (% VO2peak) 61 68.7 10.6 70.2 10.3 67.2 14.1 .423 .419 .132 .397

INDICES

VE/VCO2 slope  
(whole test)

61 28.7 3.8 28.3 3.7 29.6 4.0 .318 .079 .017 .872

OUES (whole test) 61 1.8 0.6 2.0 0.6 1.9 0.6 .000 .281 .191 .158

Note: OUES: oxygen uptake efficiency slope; pVO2: percentage related to VO2peak; T0: Baseline; T1: after 16-week intervention;  
T2: at 24-week follow up; VCO2: carbon dioxide production; VE: ventilation; VO2: oxygen uptake; VT: Ventilatory threshold;  
W: power output. 
Data shown as mean (M) and standard deviation (SD).
PW, according to Wilcoxon test; PKW, according to Kruskall-Wallis test.
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Figure 3
Individual changes from baseline to the end of the 16-week intervention (left panel) and from baseline to 24-week follow-up (right panel) 
for VO2peak, VE/VCO2 slope and OUES.

Note: T1: after the 16-week intervention assessment; T2 at 24-week follow-up assessment.
AIT: aerobic interval training study group; COU: counselling study group; TCT: traditional continuous training study group. 
OUES: oxygen uptake efficiency slope; VCO2: carbon dioxide production; VE: ventilation; VO2: oxygen uptake; 
VT: Ventilatory threshold; W: power output.
Each point indicates an individual participant
 Light symbols indicate Scenario A; Grey symbols indicate Scenario B, and  Black grey symbols indicate Scenario C
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Scenario B: As Figure 2 shows, eleven participants had 

to end the baseline test prematurely (RERpeak (M = 1.02, 

SD = 0.11), chronotropy (M = 60.8%, SD = 21.4), Borg CR-

10 values (M = 5.3, SD = 2.0)). No statistically significant 

differences between the study groups were observed. At the 

end of the intervention these participants improved their 

adaptation to effort and reached maximal exertion as well as 

at follow-up. A moderate positive time-effect was observed 

for VO2peak without study group effects (Table 3b). Seven 

participants (63.6%) improved their VO2peak by at least 3.5 

mL/kg/min at the end of the intervention and this remained 

elevated in six of them at follow-up.

Scenario C: Six participants had to end the 

cardiorespiratory exercise test prematurely at baseline and 

at the end of the intervention but were able to reach maximal 

criteria at follow-up (RERpeak (M = 1.2, SD = 0.09), 

chronotropy (M = 94.6%, SD = 12.1), Borg CR-10 values 

(M = 7.3, SD = 1.7)).

Although at the end of the intervention (T1) these 

participants had to end the cardiorespiratory test 

prematurely, VO2peak showed a large significant increase. 

At follow-up, VO2peak improved further, with all 6 

participants increasing VO2peak by more than 3.5 mL/

kg/min (Table 3c).

Table 3a 
Cardiorespiratory fitness test data at baseline (T0), after the intervention (T1) and at 24-weeks follow-up period (T2) for Scenario A  
(n = 43).

T0 T1 T2 T0 vs. T1 T0 vs. T2

N M SD M SD M SD
Time 
effect

PW

Group 
effect
PKW

Time 
effect

PW

Group 
effect
PKW

PEAK WORKLOAD

Wpeak (W) 43 119.3 37.3 129.3 40.1 127.5 41.4 .000 .757 .002 .739

VO2peak (mL/kg/min) 43 24.5 5.9 25.4 7.0 23.9 6.8 .299 .206 .356 .005

VEpeak (L/min) 43 66.1 15.8 69.2 18.9 67.7 17.7 .303 .036 .552 .016

PeakHR (bpm) 43 160.1 16.1 158.0 13.6 160.8 15.3 .091 .906 .945 .318

PeakHR pulse (mL/b) 43 11.5 4.3 11.9 4.8 11.0 4.2 .218 .069 .065 .003

SBPpeak (mmHg) 43 178.7 22.1 170.8 17.3 166.9 19.0 .004 .374 .000 .610

DBPpeak (mmHg) 43 87.8 7.0 83.6 7.1 82.6 7.4 .004 .059 .002 .056

MBPpeak (mmHg) 43 118.1 10.6 112.7 9.4 110.7 10.5 .001 .140 .000 .695

VENTILATORY THRESHOLD WORKLOAD

WVT (W) 43 99.8 30.4 104.9 28.3 99.3 28.4 .085 .794 .847 .975

VO2VT (mL/kg/min) 43 16.6 4.1 17.7 4.1 16.2 4.3 .013 .820 .294 .329

pVO2VT (% VO2peak) 43 68.6 9.5 70.5 8.8 68.9 14.6 .398 .188 .612 .325

INDICES

VE/VCO2 slope  
(whole test)

43 29.5 3.9 29.1 4.3 30.1 4.2 .223 .155 .159 .456

OUES  
(whole test)

43 1.7 0.7 1.8 0.6 1.7 0.7 .007 .419 .269 .901

Note: DBP: diastolic blood pressure; HR: heart rate; MBP: mean blood pressure; OUES: oxygen uptake efficiency slope;  
pVO2: percentage related to VO2peak; SBP: systolic blood pressure; T0: Baseline; T1: after 16-week intervention; T2: at 24-week  
follow up; VCO2: carbon dioxide production; VE: ventilation; VO2: oxygen uptake; VT: Ventilatory threshold; W: power output. 
Data shown as mean (M) and standard deviation (SD).
PW, according to Wilcoxon test; PKW, according to Kruskall-Wallis test.
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Table 3b 
Cardiorespiratory fitness test data at baseline (T0), after the intervention (T1) and at 24-weeks follow-up period (T2) for Scenario B  
(n = 11).

T0 T1 T2 T0 vs. T1 T0 vs. T2

N M SD M SD M SD
Time 
effect

PW

Group 
effect
PKW

Time 
effect

PW

Group 
effect
PKW

PEAK WORKLOAD

Wpeak (W) 11 120 38.7 164.5 35.9 170 29.7 .003 .772 .003 .727

VO2peak (mL/kg/min) 11 23.5 6.3 29.1 6.3 28.1 6.9 .003 .824 .021 .591

VEpeak (L/min) 11 63.2 20.0 84.7 20.5 87.4 24.2 .006 .839 .008 .232

PeakHR (bpm) 11 139.4 17.4 154.5 12.2 160.2 11.9 .033 .876 .004 .414

PeakHR pulse (mL/b) 11 15.3 3.2 16.7 2.4 15.7 3.2 .110 .564 .722 .515

SBPpeak (mmHg) 11 202.6 21.8 192.5 11.0 195.3 11.9 .168 .190 .247 .048

DBPpeak (mmHg) 11 97.7 8.9 92.7 4.1 92.5 5.9 .060 .311 .099 .155

MBPpeak (mmHg) 11 132.7 8.6 126.0 4.2 126.8 7.0 .022 .750 .093 .181

VENTILATORY THRESHOLD WORKLOAD

WVT (W) 11 97.3 31.3 140.9 30.2 133.6 32.0 .005 .411 .011 .741

VO2VT (mL/kg/min) 11 15.1 4.5 20.7 5.3 18.4 4.4 .004 .417 .083 .931

pVO2VT (% VO2peak) 11 66.0 14.4 71.7 12.0 66.6 11.6 .424 .273 .790 .824

INDICES

VE/VCO2 slope  
(whole test)

11 26.9 3.4 26.6 3.5 27.7 3.8 .594 .317 .230 .068

OUES  
(whole test)

11 2.2 0.4 2.6 0.4 2.4 0.4 .021 .364 .026 .815

Note: DBP: diastolic blood pressure; HR: heart rate; MBP: mean blood pressure; OUES: oxygen uptake efficiency slope;  
pVO2: percentage related to VO2peak; SBP: systolic blood pressure; T0: Baseline; T1: after 16-week intervention; T2: at 24-week  
follow up; VCO2: carbon dioxide production; VE: ventilation; VO2: oxygen uptake; VT: Ventilatory threshold; W: power output. 
Data shown as mean (M) and standard deviation (SD).
PW, according to Wilcoxon test; PKW, according to Kruskall-Wallis test.
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Effort independent data
Small but significant improvements were observed in the 

WRCP, VO2RCP and OUES at the end of the intervention 

without group effect. These increases did not persist at 

follow-up. However, considering only scenario B and C; 

WRCP, VO2RCP and OUES show large and persistent increases. 

No differences between study groups were appreciated. No 

time-effect was observed for VE-VCO2 slope.

Discussion and Conclusion
The present study evaluates the effectiveness of a 16-week 

intervention of semi-supervised interval training exercise 

programme alongside lifestyle counselling (AIT) on CRF 

in terms of VO2peak, VO2RCP, VE-VCO2 slope and OUES, 

in sedentary adults with cardiometabolic risk factors. 

The intervention was implemented in a real-world setting 

and compared to low-to-moderate-intensity continuous 

training plus lifestyle counselling (TCT) and to lifestyle 

counselling alone (COU).

AIT was well accepted by the participants with rather 

high levels of adherence to the exercise sessions. All 

study groups exhibited comparable modest decreases in 

MetSSS and positive lifestyle changes that persisted in 

the medium term. 

All intervention programmes induced significant 

changes in CRF variables. Although the effects of the 

AIT intervention on CRF and physiological adaptation to 

exertion did not differ substantially from TCT or COU, 

the number of participants increasing their VO2peak was 

Table 3c 
Cardiorespiratory fitness test data at baseline (T0), after the intervention (T1) and at 24-weeks follow-up period (T2) for Scenario C  
(n = 6).

T0 T1 T2 T0 vs. T1 T0 vs. T2

N M SD M SD M SD
Time 
effect

PW

Group 
effect
PKW

Time 
effect

PW

Group 
effect
PKW

PEAK WORKLOAD

Wpeak (W) 6 103.3 30.11 146.7 23.38 156.7 32.7 .066 .519 .057 .454

VO2peak (mL/kg/min) 6 19.5 6.1 25.1 4.5 28.0 3.2 .046 .888 .028 .213

VEpeak (L/min) 6 56.5 13.2 74.3 14.8 93.3 15.8 .075 .888 .028 .667

PeakHR (bpm) 6 139.5 33.22 158.5 22.42 170.2 17.20 .116 .651 .046 .807

PeakHR pulse (mL/b) 6 12.4 2.5 13.5 2.1 14.1 2.0 .116 .888 .046 .213

SBPpeak (mmHg) 6 190.3 13.88 198.0 18.89 185.0 16.91 .078 .643 .500 .304

DBPpeak (mmHg) 6 97.8 6.34 95.0 8.17 89.7 8.89 .496 .304 .042 .294

MBPpeak (mmHg) 6 128.7 7.50 129.3 10.67 121.4 11.37 .917 .304 .093 .304

VENTILATORY THRESHOLD WORKLOAD

WVT (W) 6 93.3 26.6 113.3 15.1 96.7 37.2 .276 .609 .916 .635

VO2VT (mL/kg/min) 6 13.9 3.9 17.7 4.6 16.1 4.6 .046 .304 .344 .529

pVO2VT (% VO2peak) 6 72.5 11.9 70.3 13.1 57.4 14.2 .753 .304 .028 .213

INDICES

VE/VCO2 slope  
(whole test)

6 27.6 2.3 27.9 2.8 30.1 2.7 .600 .145 .028 .377

OUES  
(whole test)

6 1.9 0.3 2.2 0.3 2.3 0.4 .173 .304 .028 .953

Note: DBP: diastolic blood pressure; HR: heart rate; MBP: mean blood pressure; OUES: oxygen uptake efficiency slope;  
pVO2: percentage related to VO2peak; SBP: systolic blood pressure; T0: Baseline; T1: after 16-week intervention; T2: at 24-week  
follow up; VCO2: carbon dioxide production; VE: ventilation; VO2: oxygen uptake; VT: Ventilatory threshold; W: power output. 
Data shown as mean (M) and standard deviation (SD).
PW, according to Wilcoxon test; PKW, according to Kruskall-Wallis test.
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slightly higher. Changes in VO2peak differed according to 

whether or not the physiological adaptation to maximal 

graded exercise testing was satisfactory at baseline. 

Intervention was more effective for individuals with a 

poorer physiological adaptation to the graded exercise. All 

intervention programmes induced comparable significant 

non-persistent increases in VO2VT, no changes in VE-VCO2 

slope and persistent improvements in OUES.

Several recent studies have shown that HIIT is effective 

in producing modest-to-moderate improvements in 

VO2peak/VO2max after 16-week (48 sessions) to 4-week (12 

sessions) periods (Blackwell et al., 2017). Two previous 

meta-analyses reported greater effects of HIT compared 

to moderate-continuous training (Milanović et al., 2015; 

Pattyn et al., 2014). 

These studies were mainly supervised and reported 

only the data from individuals who reached symptom-

limited exercise at the CRF test. They reported increases 

in VO2peak ranging from 9-to-27% (Blackwell et al., 2017; 

Guio de Prada et al., 2019b). These values are greater than 

ours. However, the present study differs from the others in 

its semi-supervised nature and in the descending weekly 

frequency of supervised sessions. Moreover, as most studies 

include only individuals who completed at least 85% of 

the training sessions, it cannot be discarded that high 

values were due to the exclusion of non-responders from 

the analysis. Our data are consistent with Blackwell et al. 

(2017) who observed a lower improvement in VO2peak in 

the group that trained at home (≈ 10%) than in the group 

that received supervised exercise training (≈ 20%). 

Although exercise intensity appears to be a critical 

factor for improving CRF, the baseline CRF level 

determines the individual exercise intensity needed to 

generate clinically significant increases. Low-fit individuals 

(CRF < 10 metabolic equivalent (METs)) will need a 

training intensity of 50% heart rate reserve (HRR) or VO2 

reserve (VO2R), while a high-fit individual (CRF > 14 METs) 

will need a higher intensity (> 85% HRR or VO2R) (Ross 

et al., 2016). This could explain why participants who at 

baseline reached criteria for maximal effort did not improve 

their VO2peak. In these participants, the overall training 

load may have been too low to induce large changes in 

VO2peak in any study group. Nonetheless, the fact that the 

number of participants in AIT who improved their VO2peak 

was higher than in TCT and COU seems to support the 

hypothesis that even a semi-supervised AIT may be more 

effective than TCT and COU. 

In contrast, for participants who presented a 

maladaptation to graded exertion at baseline, it is possible 

that the training load or even the lifestyle change were 

enough to induce a better response to exertion. Thus, in 

that case, large improvements in VO2peak were recorded 

in all study groups. This is consistent with findings in 

Milanović’s meta-analysis (Milanović et al., 2015) that 

revealed a likely moderate greater beneficial improvement 

in VO2max for participants with lower baseline CRF (for 

both HIT and endurance training).

Low cardiorespiratory fitness (VO2peak) is an 

independent and strong predictor of premature mortality 

(Lee et al., 2010) that has been associated with a greater 

risk of metabolic syndrome (Lee, 2020) thus, even small 

improvements of CRF can have positive effects on health. 

Most daily life activities do not require maximal effort; 

thus, it has been proposed that indicators of submaximal 

exercise capacity may be of interest from a health point 

of view (Balady et al., 2010). Ventilatory thresholds (VT 

and RCP) are widely used indices of submaximal exercise 

capacity. In the field of exercise-and-health, several studies 

report increases in the workload and the VO2 achieved at 

the first ventilatory threshold (VT) in sedentary individuals 

(Blackwell et al., 2017) or in patients with metabolic 

syndrome (Guio de Prada et al., 2019a) or with CHF (Kemps 

et al., 2010). To our knowledge, few studies have analysed 

the effects of training on the second ventilatory threshold 

(RCP). Guio de Prada et al. (2019b) reported an increase 

in VT and in RCP after HIIT in 76 sedentary individuals 

with obesity. Our results confirm that RCP is also sensitive 

to the effects of semi-supervised training but changes are 

not persistent. 

VE-VCO2 slope reflects the ventilation for a given 

VCO2 production (Akkerman et al., 2010) and has been 

considered as an indicator of CRF and a predictor of 

mortality in patients with chronic heart failure (CHF). 

In the current study, none of the three intervention 

programmes had an impact on VE-VCO2 slope. Our data 

agree with other studies that have observed no changes 

in VE-VCO2 slope after exercise training in patients with 

cardiovascular diseases (Kemps et al., 2010; Nilsson et 

al., 2019; Pattyn et al., 2014) but contrast with others that 

reported decreases of VE-VCO2 slope in individuals with 

high values (>35) at baseline (Van Laethem et al., 2007). 

Thus, the possible training-induced changes might be 

more limited in participants with slope values within the 

normal range of 20–30. Still, Anaya (Anaya et al., 2009) 

has reported a significant dose-dependent trend for changes 

of VE-VCO2 slope in post-menopausal women. 

In the current study, the lack of changes in VE-VCO2 

slope could be attributed to a training load too low to induce 
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changes in the VE-VCO2 slope or alternatively, it could 

be because the VE-VCO2 slope is not sensitive enough to 

the effects of exercise training in sedentary individuals 

with slope values lower that 30.

OUES is considered an integrated measurement that 

reflects the coordination of pulmonary and cardiovascular 

systems and the extraction of O2 during exercise (Balady et 

al., 2010). Our data show that all intervention programmes 

induced comparable significant improvement in OUES. It 

seems that OUES may be more sensitive to change than 

VE-VCO2 slope. Data are consistent with other studies that 

have reported similar improvements in OUES after exercise 

training interventions in patients with cardiometabolic 

diseases (Kemps et al., 2010; Nilsson et al., 2019). However, 

in another study (Mourot et al., 2004), where participants 

were healthy, physically active young women, 18 sessions 

of intermittent endurance training had no effects on OUES 

or on VE-VCO2 slope, despite significant increases in 

VO2peak  and VO2VT. 

The semi-supervised nature of the exercise training could 

be considered a limitation. In this study, the participants 

were closely supervised by a physical activity professional 

at the beginning of the programme but should became 

more self-governing with time. This may explain the lack 

of greater effects of the exercise training programmes 

on cardiorespiratory fitness (VO2peak, VO2RCP, VE-VCO2 

slope, OUES) compared with the COU group or other 

studies. We are aware that we did not adequately track the 

participants during the self-administered sessions. Non-

compliance with the expected training load could result in 

lower training stimuli and hence with lower adaptations. 

For future research, we recommend increasing the number 

of supervised training sessions and strengthening the 

monitoring of self-administered sessions with strategies, 

such as e-based communication platforms.

A major strength of this study was that the 16-week 

intervention combined the semi-supervised exercise 

training programme with lifestyle counselling to promote 

behavioural change. This study is unique as, unlike other 

AIT studies, it not only considers physical exercise, but also 

links it to strategies that promote behavioural change and 

empowerment, and assesses the medium-term persistence of 

the effects. Most AIT interventions have been performed in 

a highly controlled experimental setting for a limited time 

period and report only immediate effects of the interventions. 

In the current study diverse beneficial changes (CRF and 

lifestyle), in particular in less fit individuals (VO2peak, OUES), 

persisted at 24-week follow-up.

In conclusion the study demonstrates that a 16-week 

intervention of semi-supervised AIT alongside lifestyle 

counselling could be (1) a feasible strategy to be translated 

into the real-word exercise programme aimed at sedentary 

individuals with cardiometabolic risk factors; and was (2) 

equally effective to TCT or COU programmes in increasing 

VO2peak in low-fit individuals, although the number of 

responders was higher in AIT than in TCT or COU study 

groups; and (3) as effective as TCT or COU in improving 

effort-independent variables such as VO2RCP, and OUES. 

However, (4) none of the three intervention programmes 

had an impact on VE-VCO2 slope. 
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Glossary
AIT- Aerobic Interval Training 

CPM- Counts per minute

CPET- Cardiopulmonary Exercise Testing

CRF- Cardiorespiratory Fitness

DBP- Diastolic blood pressure 

HEI- Healthy eating index  

HIIT- High Intensity Interval Training 

HR- Heart rate 

MBP- Mean blood pressure 

MET- Metabolic Equivalent 

MetS- Metabolic Syndrome 

MetSSS- Metabolic syndrome severity score 

MVPA- Moderate to Vigorous Physical Activity 

OUES- Oxygen Uptake Efficiency Slope 

PETCO2- Partial pressure of CO2 

RCP- Respiratory compensation point 

RER- Respiratory Exchange Ratio 

SB- Sedentary Behaviour 

SBP- Systolic blood pressure 

TCT- Traditional Continuous Training 

VCO2- Carbon dioxide output 

VCO2- Dioxide production 

VE- Ventilation 

VE/VCO2- Ventilatory equivalent of CO2 

VE/VO2- Ventilatory equivalent of oxygen uptake 

VE-VCO2 slope- Ventilatory Efficiency Index 

VM- Vector magnitude 

VO2- Oxygen uptake 

VO2peak- Peak Oxygen Uptake 

VO2RCP- Oxygen Uptake at the Respiratory Compensation Point 

W- Workload 
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