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Original Article
Single session of sprint interval training elicits similar 
cardiac output but lower oxygen uptake versus ramp  
exercise to exhaustion in men and women

Trevor Horn, Garret Roverud, Kandice Sutzko, Melissa Browne, Cristina Parra, Todd A Astorino

Department of Kinesiology, California State University-San Marcos, San Marcos, CA USA

Received May 8, 2016; Accepted September 9, 2016; Epub September 30, 2016; Published October 15, 2016

Abstract: Sprint interval training (SIT) elicits comparable long-term adaptations versus continuous exercise training 
(CEX) including increased maximal oxygen uptake (VO2max) and fat utilization. However, there is limited research 
examining acute hemodynamic responses to SIT. The aim of this study was to examine hemodynamic responses 
to low-volume SIT. Active men (n=6, VO2max = 39.8 ± 1.7 mL/kg/min) and women (n=7, VO2max = 37.3 ± 5.7 mL/
kg/min) performed a ramp-based VO2max test (RAMP) to determine workload for the SIT session. Subjects returned 
within 1 wk and completed a session of SIT consisting of six 30-s bouts of “all-out” cycling at 130% maximal work-
load (Wmax) interspersed with 120 s of active recovery. Continuously during RAMP and exercise and recovery in SIT, 
VO2 was obtained and thoracic impedance was used to estimate heart rate (HR), stroke volume (SV), and cardiac 
output (CO). Results revealed no significant differences in COmax (p = 0.12, 19.7 ± 2.4 L/min vs. 20.3 ± 1.8 L/min) 
but lower SVmax (p = 0.004, 110.4 ± 15.7 mL vs. 119.4 ± 15.5 mL) in RAMP versus SIT. HRmax from SIT (179.0 
± 11.8 b/min) was lower (p = 0.008) versus RAMP (184.4 ± 7.9 b/min). Peak VO2 (L/min) was lower (p < 0.001) in 
response to SIT (2.43 ± 0.82 L/min) compared to RAMP (2.84 ± 0.82 L/min). Hemodynamic variables increased 
linearly across SIT bouts and remained significantly elevated in recovery. Sprint interval training consisting of 3 min 
of supramaximal exercise elicits similar CO yet lower VO2 compared to RAMP.
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Introduction

According to the Centers for Disease Control 
and Prevention (CDC), more than one-third of 
adults in the United States are obese. Obesity 
contributes to disease onset such as type 2 
diabetes, cancer, heart disease, and stroke, all 
of which may be prevented through proper 
nutrition and exercise [1]. Modern exercise 
guidelines suggest 150 minutes of continuous 
exercise training (CEX) per week to mitigate 
health risks [2]; however, as this recommenda-
tion is relatively time-consuming, it is not feasi-
ble for all individuals considering that lack of 
time is a significant barrier to regular exercise 
[3]. As a result, exercise scientists have studied 
alternatives to CEX such as high intensity inter-
val training (HIIT) consisting of repeated, 
intense brief bursts of exercise interspersed 
with recovery. One paradigm of HIIT is sprint 
interval training (SIT), which has been shown to 

elicit comparable long-term metabolic and car-
diovascular adaptations versus CEX despite a 
much lower training volume and training time 
[4]. For example, in response to 6 wk of tread-
mill-based SIT, there were similar increases in 
maximal oxygen uptake (VO2max) compared 
with CEX [5]. In overweight/obese subjects, 
Gillen et al. [6] showed significant increases in 
VO2max and oxidative capacity in response to 3 
min/wk of SIT which was performed at 170% 
maximal workload (Wmax). The mean improve-
ment in VO2max reported in response to 2-8 wk 
of SIT is 4-13% in healthy individuals [7], which 
is an important outcome considering the effect 
of VO2max on mortality risk [8]. 

Despite the clear evidence that chronic SIT 
enhances VO2max, the mechanism responsible 
for this adaptation remains undetermined. In 
the MacPherson et al. [5] study, maximal cardi-
ac output (COmax) did not change after 6 wk of 
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SIT, which suggests that peripheral adaptations 
led to the increase in VO2max. In another study 
in obese women [9] in which a 12% increase in 
VO2max was exhibited, stroke volume (SV) at 
50% VO2max was increased in response to 12 
sessions of SIT, although no maximal values 
were determined. Matsuo et al. [10] document-
ed that 8 wk of SIT led to improved resting SV 
and left ventricular mass, although similar to 
the Trilk et al. [9] study, measures were not 
acquired at VO2max. 

It is evident that chronic adaptations to exer-
cise training such as increases in VO2max occur 
due to the repeated stimulation of daily bouts 
of training. One study examining acute physio-
logical adaptations during a single session of 
Wingate-based SIT found that oxygen uptake 
and heart rate surpassed 80% of estimated 
maximal values [11]. In another study [12], a 
single Wingate test elicited similar values of 
cardiac output (CO) versus ramp exercise to 
VO2max (RAMP). This would suggest that 
despite its brief duration, SIT places a tremen-
dous stress upon the cardiovascular system. In 
active young men (VO2max = 49 mL/kg/min), 
Zafeiridis et al. [13] compared changes in CO 
and peripheral O2 utilization between acute SIT 
(29 repeats of 30 s bouts at 110% Wmax with 
30 s passive recovery), HIIT (nine 2 min bouts 
at 95% Wmax with 2 min passive recovery), and 
CEX at 70% Wmax which were matched for 
duration (29 min). Results showed comparable 
peak values of SV, arteriovenous oxygen differ-
ence, and blood pressure between bouts, 
although peak heart rate (HR), CO, and VO2 
were higher in response to HIIT and continuous 
exercise versus SIT. These data suggest that 
SIT elicits lower maximal CO and thus VO2 com-
pared to high volume HIIT or CEX. Nevertheless, 
this study is limited by lack of RAMP-derived 
values for CO and a relatively prolonged ses-
sion of SIT which would be impractical for most 
exercisers who lack the fitness, time, or motiva-
tion to perform. A shorter SIT regimen would be 

advantageous considering that minimal vol-
umes of SIT have been shown to improve 
VO2max [6, 14].  

Numerous studies demonstrate the beneficial 
effects of chronic SIT [4-6], while no study has 
elucidated the acute hemodynamic responses 
during a single session of low-volume SIT. 
Findings from the current study could help clar-
ify long-term hemodynamic adaptations to SIT. 
Moreover, changes in SV and CO during recov-
ery are poorly understood and if they remain 
significantly elevated, may contribute to the 
training effect seen with SIT. The primary aim of 
this study was to examine hemodynamic 
responses to a brief session of SIT in habitual-
ly-active men and women. It was hypothesized 
that there would be no differences in hemody-
namic responses between SIT and RAMP, and 
that HR, SV, and thus CO would be sustained at 
high levels during active recovery. 

Materials and methods

Participants

Thirteen habitually active men (n=6) and 
women (n=7) participated in the study. Demo- 
graphics of the subjects are depicted in Table 
1. Habitually active was defined as meeting the 
current American College of Sports Medicine 
recommendation [2] of at least 150 min/wk of 
physical activity in the preceding year. Subjects 
completed activities such as resistance train-
ing, aerobic exercise, and non-competitive 
sports. Participants were free of knee ailments 
and other pre-existing health conditions that 
would inhibit their ability to participate in 
intense cycling. Participants were not obese 
(BMI < 30 kg/m2) and had a BMI equal to 24.9 
± 3.5 kg/m2. Men were older and heavier than 
women yet showed similar VO2max (p = 0.08). 
Each participant filled out a health history 
questionnaire to confirm study eligibility and 
provided written informed consent. The proce-
dures completed in this study were approved by 
the University Institutional Review Board.

Study design

Subjects completed two visits to the laboratory 
in a one week period. Exercise sessions were 
conducted at the same time of day within sub-
jects, and were held approximately three hours 
after a light meal. Prior to each visit, partici-
pants abstained from strenuous exercise for 24 
hr and alcohol for 48 hr. On day 1, a ramp pro-

Table 1. Participant demographic data (mean ± 
SD)
Parameter Men (n=6) Women (n=7)
Age (yr) 29.5 ± 7.6 22.9 ± 1.7*
Height (cm) 179.0 ± 11.2 165.6 ± 7.2*
Body mass (kg) 87.3 ± 16.3 61.9 ± 8.0*
Body mass index (kg/m2) 27.1 ± 2.7 22.6 ± 2.8*
VO2max (mL/kg/min) 39.8 ± 1.7 37.3 ± 5.7
*p < 0.05 versus men.



Hemodynamic responses to sprint interval training

89 Int J Physiol Pathophysiol Pharmacol 2016;8(3):87-94

tocol to volitional fatigue was performed to 
determine VO2max and maximal workload 
(Wmax) followed by a single session of SIT 3-7 
d later.

Assessment of maximal oxygen uptake 
(VO2max)

Initially, participants’ height and body mass 
were measured using a calibrated scale (Heal- 
thometer, Model 402KL, Jarden, Wilmington, 
DE, USA), from which body mass index was 
determined. Subsequently, ramp exercise was 
performed on an electrically-braked cycle er- 
gometer (RacerMate Dynafit Pro, Seattle, WA, 
USA). Participants completed a 2 min warm-up 
at 50-60 W followed by 25-30 W/min incre-
ments in work rate until volitional exhaustion 
(cadence < 50 rev/min). VO2max attainment 
was verified by incidence of a plateau in VO2 at 
VO2max, a respiratory exchange ratio (RER) > 
1.10, and HRmax ± 10 b/min within 220-age 
[15]. At volitional exhaustion, VO2max was 
determined as the mean of the two preceding 
15 s values, and Wmax was noted and used to 
determine intensities for the SIT protocol. 
During exercise, expired air was measured by a 
metabolic cart (Parvomedics True One, Sandy, 
Utah, USA). Prior to exercise, the metabolic cart 
was calibrated to room air (temperature = 
21-23°C, relative humidity = 40-60%) and to 
gases of known concentration (16.00% O2 and 
3.99% CO2). A 3-L calibration syringe (Hans 
Rudolph, Kansas City, MO, USA) was used for 
volume calibration. Values for the following vari-
ables were obtained every 15 s during exercise: 
VO2 (L/min and mL/kg/min), carbon dioxide 
output (VCO2), ventilation (VE), and RER. 

Assessment of hemodynamic function

An impedance cardiograph device (Physioflow 
Enduro, Manatec, Strasbourg, France) was 
used to evaluate hemodynamic function. This 
method has been described in detail elsewhere 
[16] and been found valid and reliable at rest 
and during exercise up to VO2max. This method 
detects changes in transthoracic impedance 
during phases of the cardiac cycle to calculate 
SV, which is multiplied by HR to estimate CO. 
Participants entered the laboratory and were 
required to sit quietly for approximately 5 min. 
An alcohol swab was used to clean the neck, 
right chest, trunk at V6, and spine, and then an 
electrode gel (NuPrep, Weaver and Company, 
Aurora, CO) was rubbed into these areas and 
the skin was further cleaned with a paper towel. 

Two sets of electrodes (Skintact ECG elec-
trodes, Leonhard Lang GmbH, Innsbruck, 
Austria), one electrode transmitting and the 
other sensing, were applied above the supra-
clavicular fossa at the left base of the neck and 
at the height of the xiphoid on the spine. 
Another pair of electrodes (one placed on the 
right chest and another at V6) was used to 
monitor the ECG trace. Once applied, these 
leads were taped to the skin to minimize move-
ment. The participant was seated on the cycle 
ergometer for 2 min, blood pressure (BP) was 
recorded at the antecubital space, and they 
were told not to talk and remain motionless. 
Then, the device was calibrated following a 
30-beat procedure using the baseline BP value, 
which was averaged.

Once calibration was completed, resting values 
for HR, SV, and CO were obtained after which 
the warm-up began. During exercise, HR, SV, 
and CO values were determined every 10 s. 
Maximal values of HR, SV, and CO were identi-
fied as the highest values at any point during 
exercise. To represent hemodynamic respons-
es for each SIT bout, the last two values of each 
bout and the first value in the recovery period 
were averaged, and values from the last 1  
min of the cool-down period (six consecutive 
values) were averaged to indicate recovery  
values. Peak arteriovenous oxygen difference 
(a-vO2diff) was calculated as the quotient of 
VO2max (mL/min)/COmax (L/min) and expre- 
ssed in mL/dL. 

Completion of sprint interval training (SIT)

On the second visit, participants completed a 
SIT session on the identical electrically-braked 
cycle ergometer that consisted of six 30 s “all-
out” sprints at 130% Wmax. Bouts were inter-
spersed with 2 min active recovery at 20% 
Wmax. All SIT sessions were preceded by a 4 
min warm-up at 20% Wmax. Occasionally, par-
ticipants required additional recovery time 
when they were unable to initiate the subse-
quent sprint bout. Strong verbal encourage-
ment was provided to subjects during SIT. Gas 
exchange data and thoracic impedance data 
were continuously obtained during this ses- 
sion.

Data analysis

Data are expressed as mean ± standard devia-
tion and were analyzed with SPSS (version 



Hemodynamic responses to sprint interval training

90 Int J Physiol Pathophysiol Pharmacol 2016;8(3):87-94

22.0; IBM Corp., Armonk, N.Y., USA). Dependent 
t-test was used to examine differences in peak 
values between RAMP and SIT. One-way repeat-
ed measures ANOVA was used to identify 
potential differences in variables between 
RAMP and SIT. Gender was labeled as the 
between subjects variable. If a significant F 
value was detected, Bonferroni’s post hoc test 
was used to determine which comparisons 
were significantly different. Effect size was 
expressed as partial eta-squared (η2

p). Sta- 
tistical significance was equal to p < 0.05.

Results

All participants completed all sessions. Data 
were combined across men and women as 
there were no gender differences in hemody-
namic responses during SIT (p > 0.05), although 
SVmax (p = 0.009, 119.9 ± 12.9 mL vs. 100.2 
± 13.0 mL) and COmax (p = 0.02, 21.1 ± 1.9 L/
min vs. 18.3 ± 2.4 L/min) were higher in men 

values were significantly different from each 
other (p < 0.05). The greatest value for VO2 (L/
min) during SIT was from bout 5 (2.46 ± 0.65 L/
min), which was significantly lower (p = 0.002) 
than RAMP-derived VO2max (2.84 ± 0.82 L/
min) and equal to 85.6% of the RAMP value. 
Recovery VO2 values increased from after bout 
1 (1.52 ± 0.48 L/min) to post-bout 5 (1.61 ± 
0.49 L/min) which equals 53.1-55.6% VO2max 
from RAMP. Post hoc analyses showed no dif-
ference (p > 0.75) in recovery VO2 across bouts. 
Bonferroni’s post hoc test showed that VO2 was 
significantly lower during all recovery periods 
compared to all exercise values in RAMP and 
SIT.

Hemodynamic responses

Maximal hemodynamic variables are shown in 
Table 2. Peak HR during RAMP (Table 2) was 
significantly higher (p = 0.008, η2

p = 0.86) than 
HR from SIT. Heart rate increased from rest 
(82.2 ± 10.1 b/min) during SIT (p < 0.001) with 
all exercise values different from each other 
(Figure 2A) with exception of bouts 3-6. HR was 
equal to 161.8 ± 14.2 b/min after bout 1 and 
peaked at 178.2 ± 11.8 b/min at bout 6 of SIT. 
During recovery, HR post-bout 1 differed from 
all other values. Mean HR in recovery was equal 
to 154.0 ± 21.3 b/min which is 83.2% of the 
RAMP value. Peak SV from RAMP was lower (p 
= 0.034, η2

p = 0.38) than SV in SIT; however, 
during SIT, there no change (p = 0.12) in SV 
throughout the entire session (Figure 2B) 
although it did increase from rest (82.9 ± 14.7 
mL), and small declines in SV were exhibited in 
active recovery. Maximal CO during RAMP was 
similar versus SIT (p = 0.12). During SIT, CO 
increased from rest (6.7 ± 1.1 L/min) and was 
equal to 18.3 ± 2.9 L/min at bout 1, which is 

Table 2. Comparison of peak responses between SIT and 
RAMP (mean ± SD)
Parameter SIT RAMP
VO2 (L/min) 2.46 ± 0.65 2.84 ± 0.82*
VCO2 (L/min) 2.71 ± 0.81 3.60 ± 0.98*
Ventilation (L/min) 101.6 ± 30.6 111.2 ± 28.0
RER 1.14 ± 0.09 1.27 ± 0.06*
Heart rate (b/min) 178.2 ± 11.8 184.4 ± 7.9*
Stroke volume (mL) 117.2 ± 12.4 110.9 ± 15.4*
Cardiac output (L/min) 20.3 ± 1.8 19.7 ± 2.4
Arteriovenous O2 difference (mL/dL) 13.6 ± 3.2 14.2 ± 2.7
*p < 0.05 versus SIT.

versus women as previously report-
ed [17].

Gas exchange data

Table 2 reports peak values for VO2 
(L/min), VCO2, VE, and RER for both 
RAMP and SIT. Change in VO2 dur-
ing the entire session of SIT is 
reported in Figure 1. Mean VO2 
steadily increased (p < 0.001) from 
rest (0.34 ± 0.10 L/min) to 2.14 ± 
0.59 L/min at bout 1 to 2.43 ± 0.63 
L/min at bout 6, with all values 
lower than RAMP. All exercise VO2 

Figure 1. Mean ± SD change in VO2 during a single 
session of SIT (B= bout, R= rest); * = p < 0.05 for 
recovery versus exercise values. The dashed line rep-
resents maximal oxygen uptake from RAMP.
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93% of the RAMP value, and peaked at 20.3 ± 
1.8 L/min at bout 6 (Figure 2C). All exercise val-
ues were not different (p > 0.05) from each 
other. Recovery CO was equal to 15.0 ± 2.6 L/
min after bout 1 and gradually increased to 
16.7 ± 3.1 L/min after bout 5, although no sig-
nificant differences in recovery CO were seen 
throughout SIT. Mean CO during recovery was 
equal to 15.9 ± 2.8 L/min which is 81% of the 
RAMP derived maximal value. Post hoc analy-
ses revealed significantly lower CO during 
recovery versus exercise values.

Results showed that a-vO2diff increased from 
rest (5.1 ± 1.6 mL/dL) and peaked at bout 3 of 
SIT (13.6 ± 3.2 mL/dL), which was similar (p = 
0.38) to the peak RAMP value equal to 14.2 ± 
2.7 mL/dL (Table 2). Arteriovenous O2 differ-
ence did not change across SIT bouts, although 
recovery values were lower (p < 0.05) than 
those recorded at the end of each bout (Figure 
2D).

Discussion

Although VO2max is significantly increased in 
response to low-volume SIT [7], the mechanism 

explaining this finding is unknown. The primary 
aim of this study was to compare acute hemo-
dynamic responses between a brief session of 
SIT and a ramp-based VO2max test.  The results 
of the present study oppose the hypothesis as 
SIT elicits lower HRmax, higher SVmax, but sim-
ilar COmax compared to RAMP, although VO2 
was lower versus RAMP. The second part of the 
hypothesis was also supported, showing ele-
vated levels of cardiac work during active recov-
ery at intensities equal to 20% Wmax. Despite 
the intermittent nature of SIT, it exerts a sub-
stantial and sustained load on the cardiovascu-
lar system which may explain a portion of the 
increase in VO2max seen with chronic interval 
training.

The major finding in this study was that each 30 
s SIT bout elicits similar CO values exceeding 
90% COmax, with all values comparable to 
RAMP. Similar CO was also demonstrated in 
active men completing 15 min of steady-state 
exercise at 65% Wmax and interval training at 
85% Wmax [18]. In healthy men [19], no differ-
ence in CO was observed in response to a sin-
gle Wingate test compared to RAMP, although 
SV was higher and HR was lower, as seen in the 

Figure 2. Mean ± SD change in (A) HR; a = p < 0.05 versus peak values, * = p < 0.05 for recovery versus exercise 
values, (B) SV, (C) CO; * = p < 0.05 for recovery versus exercise values, and (D) a-vO2difference; * = p < 0.05 for 
recovery versus exercise values, during a single session of SIT (B= bout, R= rest). In all figures, the dashed line 
represents maximal values from RAMP.
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present study (Table 2). Data from Adami et al. 
[20] in well-trained men showed similar CO in 
response to cycling at 120% VO2max versus 
RAMP, which was consequent with faster CO 
kinetics during interval training despite slower 
VO2 kinetics. This was explained by the higher 
contribution of anaerobic metabolism towards 
ATP supply at 120% VO2max, leading to a small-
er volume of O2 taken up at the alveolar level. 
This may partially explain why peak VO2 was 
lower in SIT versus RAMP despite the similar CO 
(Table 2). In young men and women with 
VO2max = 52.3 mL/kg/min [21], CO was signifi-
cantly higher in response to 6 min versus 12 
min of graded treadmill exercise, although 
VO2max was similar to the RAMP value. This 
was attributed to a higher temperature rise in 
the longer protocol which would lead to vasodi-
lation of the cutaneous circulation, thus reduc-
ing central venous pressure and SV. It is plau-
sible that brief bouts of SIT coupled with long 
periods of recovery do not allow body tempera-
ture to rise sufficiently to diminish CO. These 
data and ours show a disassociation between 
maximal CO and VO2max. Nevertheless, com-
parisons between these studies and ours 
should be cautioned considering that partici-
pant characteristics, exercise protocols, and 
methods for measuring CO differ across 
studies.

Our findings show significantly higher peak SV 
during SIT versus RAMP (Table 2), and more-
over, that SV did not decline during recovery 
compared to values exhibited at the end of 
each SIT bout (Figure 2B). In trained cyclists 
completing interval training at 90% Wmax, SV 
attained 102% of RAMP derived values [22]. 
Supporting our data (Figure 2B), their recovery 
SV values were similar to those seen during 
interval training. In response to repeated 30 s 
bouts of interval training, mean SV was lower 
than values shown during CEX and 2 min inter-
val bouts, although peak values did not differ 
[13]. This is due to the action of the muscle 
pump during active recovery, which influences 
peripheral resistance and venous return to 
maintain SV.  Among the factors that may limit 
VO2max, SV appears to be paramount as it  
is significantly different between trained and 
untrained individuals [23]. Given this informa-
tion, it is plausible that in order to attain the 
optimal cardiovascular benefits of exercise 
training, individuals should train at intensities 
maximizing SV, as exhibited in the entire  

session of SIT (Figure 2B), to achieve suffi- 
cient overload and greater training adaptation 
[23].

Our results show no difference in peak a-vO2diff 
between SIT and RAMP as well as no change in 
this variable from bouts 1-6 of SIT. These data 
are supported by previous findings showing 
similar mean and peak a-vO2diff between CEX, 
high-volume HIIT, and SIT [13]. Together, this 
would indicate that peripheral oxygen utiliza-
tion as represented by the a-vO2diff does not 
change during bouts of cycling varying in inten-
sity from submaximal to supramaximal. In a 
recent study [24], 11 men completed incre-
mental exercise and a 30 s Wingate test during 
which oxygen delivery and hemodynamics  
were measured. Data showed that leg fraction-
al oxygen extraction was similar between  
exercise modes despite lower whole-body  
and leg VO2 during the Wingate test versus 
RAMP. This led the authors to conclude that a 
single bout of supramaximal exercise such as 
the Wingate test has a mismatch between  
oxygen delivery and oxygen uptake in that the 
muscle is overperfused and unable to fully uti-
lize the available oxygen. This may explain the 
similar CO but significantly lower VO2 between 
RAMP and SIT.

Compared to RAMP, our data showing lower 
oxygen uptake throughout SIT are supported by 
previous findings. In healthy adults, VO2 was 
lower in response to eight bouts of the identical 
SIT regime compared to eight 60 s bouts of HIIT 
at 85% Wmax or RAMP [25]. Tschakert et al. 
[26] demonstrated in cardiac patients that 
repeated 20 s bouts of SIT evokes lower VO2 
and HR versus high volume HIIT or RAMP. Our 
data show that peak VO2 from SIT was equal to 
84.6% VO2max, which is similar to values (> 
80% VO2max) reported from a previous study 
[11] in which four Wingate tests were per-
formed separated by 4 min recovery. Despite 
the submaximal VO2 values likely attributed to a 
lower contribution of oxidative metabolism to 
ATP supply versus RAMP, low volume SIT pres-
ents a significant cardiorespiratory stimulus 
that exceeds current intensity recommenda-
tions for CEX. Consequently, it is not surprising 
that chronic SIT increases VO2max in various 
populations [7]. 

One limitation of this study was the small sam-
ple size consisting of active young men and 
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women, so data cannot be applied to older or 
less active populations. Another limitation of 
the study was the prolonged recovery time that 
was allocated between bouts, which ensured 
that all participants could complete the entire 
session. Shorter recovery would minimize the 
duration of the bout and potentially lead to 
lower decreases in hemodynamic responses, 
presenting even greater load on the cardiovas-
cular system. This longer recovery likely contrib-
uted to the significant differences in HR 
between SIT bouts and periods of recovery. 
Previous data [12] from RAMP exercise show 
that day-to-day estimates of maximal CO deter-
mined from thoracic impedance are highly 
related (ICC = 0.95) and higher than those from 
the Wingate test (ICC = 0.90). To our knowl-
edge, the reliability of CO measures during a 
session of interval training using thoracic 
impedance is unknown.
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