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Physiological comparison between competitive and
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ABSTRACT
Introduction: Among high intensity trainings, high intensity functional training (HIFT) represent one of the
most recent developments. The aim of the present study was to investigate the differences between a group
of competitive (CMP) HIFT athletes and a group of age- and gender-matched beginner (BGN) HIFT athletes,
to clarify the physiological characteristics of each group and the reasons for differences. Methods: 10 BGN
(32.5 ± 6.2 years) and 10 CMP (29.0 ± 5.4 years) athletes, were included in the study and were evaluated
for anthropometry, VO2peak, lactate threshold, isometric and isokinetic leg maximal power and strength,
handgrip and maximal anaerobic power. Results: Compared to BGN athletes, CMP reached higher levels of
VO2peak (56.1 ± 2.89 ml·kg-1·min-1 CMP vs. 46.5 ± 6.86 ml·kg-1·min-1 BGN; p < .001), lower limb maximal
power (4.5 ± 0.42 W·kg-1 CMP vs. 2.9 ± 0.67 W·kg-1 BGN; p < .001), maximal handgrip strength (61.1 ± 8.20
N·kg-1 CMP vs. 45.1 ± 7.58 N·kg-1 BGN; p < .001), maximal knee extension isometric strength (11.7 ± 1.43
N·kg-1 CMP vs. 9.1 ± 2.00 N·kg-1 BGN; p < .05), isokinetic strength (281.3 ± 28.18 N·kg-1 CMP vs. 234.6 ±
26.15 N·kg-1 BGN; p < .05) and anaerobic peak power (639.1 ± 125.54 W·kg-1 CMP vs. 442.7 ± 155.96 W·
kg-1 BGN; p > .006), while anaerobic capacity did not show significant differences (101.8 ± 9.33 kJ CMP vs.
87.0 ± 28.37 kJ BGN; p = .1). Conclusions: CMP athletes showed greater physiological adaptations in aerobic
fitness and strength than BGN. Differences may be attributed to the technical skills acquired by CMP and not
only to the physiological adaptations induced by the specific training. The lack of differences in anaerobic
capacity is likely due to an early and fast improvement in BGN, compared to other parameters.
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INTRODUCTION
Within the large family of high intensity trainings, high intensity functional training (HIFT) represent one of the
most recent and successful developments. In order to ensure consistency among high intensity training
modalities, HIFT has been defined by Feito et al., as “a training style (or program) that incorporates a variety
of functional movements, performed at high intensity (relative to an individual’s ability), designed to improve
parameters of general physical fitness (cardiovascular endurance, strength, body composition, flexibility, etc.)
and performance (agility, power, speed, and strength)” (Feito, Heinrich, Butcher, & Poston, 2018).
The unique feature of HIFT programmes is the incorporation of various exercise modalities into the same
training session, including Olympic weightlifting (e.g. barbell squats, snatch) bodyweight calisthenics (e.g.
push-ups, burpees), gymnastics movements (e.g. handstand, ring exercises) and cardiovascular activities
(e.g. running, indoor rowing), with the focus on improving the capacity to perform large amounts of work
during relatively short training sessions. Thanks to its characteristics and comprehensiveness, HIFT
challenges multiple systems in a single session, therefore athletes show physiological features that are key
to many different sports. This represents one of the most attractive reasons to start HIFT programmes,
making them particularly suitable for individuals interested in general preparedness programs or multi-sport
athletes. HIFT are often adopted also by sedentary or relatively physically active individuals, thanks to the
self-selected intensity levels that participants can establish each time. This aspect dramatically increases
adherence and enjoyment (Heinrich, Patel, O'Neal, & Heinrich, 2014). In all cases it is strongly recommended
to progressively increase the physical activity levels before approaching high intensities and HIFT regimes,
to avoid injuries and maladaptive conditions (Bergeron et al., 2011).
Although it may be obvious that experienced athletes have higher physiological characteristics than beginner
athletes, the extent of these differences is still yet to be determined in the context of HIFT. Whether these
might be accountable to physiological adaptations, proper technical skill development, previous physical
activity levels, or a combination of all, must be demonstrated. It remains also to be established if, in the
context of an HIFT program, all the physical fitness components would improve and respond at the same
time to the training stimulus, or some might be improving faster than others.
Albeit information on the physiological characteristics of competitive HIFT athletes have been previously
published (P.E. Adami, Rocchi, Melke, & Macaluso, 2020; Serafini et al., 2016), the short term effect of HIFT
programmes on beginner participants still needs to be clarified.
Therefore, the aim of the present study was to investigate the differences between a group of competitive
HIFT athletes and a group of age- and gender-matched beginner HIFT athletes in order to clarify the
physiological characteristics of each group and the reasons for such differences. It was hypothesised,
therefore, that competitive athletes would have shown training induced physiological adaptations of a greater
magnitude with respect to beginners.
METHODS
Study population
A group of 20 male HIFT athletes, 10 competitive (CMP) and 10 beginner (BGN) athletes, were included in
the study. The BGN group of athletes practiced HIFT for less than 12 weeks (a minimum of 3 training session
of at least 60 minutes each, every week), while CMP athletes have been practicing HIFT for at least 3 years
(a minimum of 4 training session of at least 55 minutes each, every week) and competed at national level for
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a minimum of 1 year. All subjects were evaluated by a sports physician prior to their enrolment in the study,
to confirm their health status and absence of cardiovascular risks. Written informed consent was obtained
from each athlete undergoing the evaluation, compliant with Italian law and the University policies. The study
design was approved by the Review Board of the University of Rome “Foro Italico” (CAR 13/2019). All clinical
data assembled from athletes are maintained in a secured institutional database, compliant with GDPR
regulations.
Subjects enrolled in the study, reported to the laboratory of exercise physiology on two separate days. On
the first day (T1), selected athletes were informed of the purpose, risks, and objectives of the study. Athletes
had their body composition and anthropometric parameters measured. They were then tested for VO2max and
ventilatory threshold, maximal anaerobic alactic capacity, handgrip, maximal isometric strength in leg
extension and leg flexion, isokinetic leg extension and leg flexion strength in dynamic conditions. Participants
returned to the laboratory on a second occasion (T2) to complete a running based anaerobic sprint test
(RAST) on an outdoor football pitch. Before coming to the testing laboratory, participants were instructed to
restrain from exercise for the previous 12 hours, avoid alcohol consumption for at least 24 hours and avoid
consuming food or beverages, other than water, for four hours prior to being tested. All indoor tests were
performed wearing light and comfortable clothing (e.g. shorts and t-shirt) as desired by the athlete, and in a
standardized environment (e.g., temperature and humidity changes).
Anthropometric evaluation
Body composition assessment was performed through skin-fold plicometry at seven sites, according to
Jackson and Pollock (Jackson & Pollock, 1978), always by the same experienced researcher. Anthropometric
parameters were also recorded (stature and body mass) and body surface area (BSA) was then calculated.
Maximal oxygen consumption
All subjects underwent a cardiopulmonary exercise test to measure their VO2max and ventilatory threshold.
The test consisted of a ramp incremental maximal exercise test on a treadmill, with a test protocol that has
been previously described and validated in this type of athletes (Bellar, Hatchett, Judge, Breaux, & Marcus,
2015). An initial stage of 30-second at 5.6 kilometres per hour, to allow subjects to familiarize with the device,
was followed by a two-minute warm up stage at 5.6 kilometres per hour and a 2.0% grade inclination. After
the warm up stage, speed and grade were increased every 2 minutes by 1.6 kilometres per hour and 1.5%
respectively, until the conclusion of the test. The test aimed at reaching individuals’ exhaustion and this was
considered reached when the athlete was unable to maintain the pace despite constant encouragement, or
when at least two of the following criteria were attained during the exercise phase of the test ("Clinical
Exercise Testing," 2012):
a) A heart rate equivalent to 100% of the age predicted maximum (220 – age, years);
b) Levelling off or decline in the VO2 with increasing work rate;
c) A respiratory exchange ratio ≥ 1.10.
The exercise phase was followed by a passive recovery phase, in standing position, with continuous
metabolic monitoring lasting for at least 5 minutes. Each subject was fitted with a heart rate (HR) monitor
(Polar, Finland), and with a face mask connected to a portable metabolimeter (K4b2, COSMED, Italy).
Oxygen uptake (VO2) and carbon dioxide production (VCO2) were measured breath-by-breath. HR signal
was transmitted and recorded by the portable system. The system was calibrated prior to each test according
to the manufacturer’s specifications. Every two minutes and up until exhaustion, investigators invited
participants to estimate their perceived exertion on a printed Borg 6-20 Rate of Perceived Exertion (RPE)
scale (Borg, 1998). The anaerobic threshold (AT) was established with a double-blind comparison between
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the V-slope method (i.e. the V-slope method involves the analysis of the behaviour of VCO2 as a function of
VO2 and assumes that the threshold corresponds to the break in the linear VCO2-VO2 relationship) (Beaver,
Wasserman, & Whipp, 1986) and the ventilator equivalent method (i.e. a systematic increase in the ventilatory
equivalent of O2 [VE/VO2], with no concomitant rise in the ventilatory equivalent of CO2 [VE/VCO2])
(Wasserman, Whipp, Koyl, & Beaver, 1973).
Lower limbs maximal power
Athletes’ maximal anaerobic alactic capacity was measured through a standardized two-legs squat jump (SJ)
performed on a force platform (model 9281 B; KISTLER Instrumente GmbH, Sindelfingen, Germany). Vertical
jump has been widely used to measure lower extremity power and to track performance improvements in
many sports. (Bui, Farinas, Fortin, Comtois, & Leone, 2015) The assessment was performed, in order to look
at the relationship between muscle power and functional capacity (Macaluso & De Vito, 2004). Each
participant performed three jumps interspersed by a 1-min rest. Squat jumps were started from a static
standing position. Subjects were instructed to perform a countermovement to reach the squat position before
jumping as high and explosively as possible. The depth of the countermovement was determined instinctively
by the athletes themselves and supervised visually by an investigator to ensure consistency in individuals’
jump execution, as it has been previously described (Gross & Lüthy, 2020; Labanca et al., 2016; Macaluso,
Young, Gibb, Rowe, & De Vito, 2003). Maximal power output, optimal speed and optimal force were then
calculated as described in the literature (P.E. Adami et al., 2020). The maximal instantaneous peak power
was reported in watts per kilogram of body mass.
Handgrip maximal voluntary isometric strength
Handgrip strength was measured by means of a dynamometer (Baseline®, Hydraulic Hand Dynamometer,
Fabrication Enterprises Inc., White Plains, NY, 10602, USA). Handgrip measurements were performed three
times per hand, alternating hands, with 1-min recovery between each measurement. Before starting the test,
participants were instructed to exert their maximum strength and keep the grip for at least 5 seconds, as
described in the literature (Mathiowetz et al., 1985). The maximum handgrip strength of each hand was
measured in kilograms (kg) and only the average values of the three trials per hand, were included in the
analysis.
Leg extension and leg flexion maximal voluntary isometric strength
The maximal strengths produced through a voluntary isometric contraction during leg extension and leg
flexion were measured for both legs. According to protocols already validated (Menotti et al., 2012),
participants were seated in a leg-extension and leg-curl machines (Technogym Selection, Technogym, ForlìCesena, Italy), with 90° of flexion at the hip and knee joints. The device’s rigid leg cuff was linked to a straingauge load cell by means of a stiff steel rod (Muscle Lab Force Sensor, Ergotest technology AS, Porsgrunn,
Norway). On a given signal from the investigator, subjects were instructed to execute the leg-extension and
leg-flexion movements as fast and explosively as possible (Bemben, Clasey, & Massey, 1990). The peak
isometric torque (N·m) exerted during the entire contraction phase represented the maximal voluntary
contraction (MVC). MVC measurements were averaged for each leg from three repetitions, that were
executed with 1-min recovery between each repetition.
Isokinetic leg extension and leg flexion strength
Isokinetic leg extension and leg flexion strength were measured with an Easytech Genu 3 isokinetic
dynamometer (Easytech srl, Borgo San Lorenzo, FI, Italy). The test consisted of two trials of knee extensions
and flexions for each leg, executed at two different angular speeds, i.e. 90°∙s-1 and 180°∙s-1. The first trial
consisted of 4 contractions at 90°∙s-1 speed, with the objective of measuring maximal strength capacity both
4

| 2020 | ISSUE - | VOLUME --

© 2020 University of Alicante

Adami, et al. / Physiological comparison between competitive & beginner athletes

JOURNAL OF HUMAN SPORT & EXERCISE

in extension and flexion. The second trial, consisted of 20 contractions at 180°∙s-1 speed, aimed at assessing
the muscular power (work) and the fatigue index (power decrease), as described in the literature (Stumbo et
al., 2001). Before starting the test, participants were optimally positioned on the Easytech chair with
stabilization straps at the trunk, hips and thigh, while holding with their hands to handles. The knee joint
rotation axis coincided with the rotation axis of the dynamometer. Prior to each test, the dynamometer was
calibrated following the manufacturer instructions.
Running-based Anaerobic Sprint Test
A running based anaerobic sprint test (RAST) was used to assess the maximal anaerobic lactic power
(Zacharogiannis, Paradisis, & Tziortzis, 2004). As an adapted running version of the Wingate test, RAST is
able to provide anaerobic capacity (AnC), peak power (PP), mean power (MP), relative peak power (RPP)
and fatigue index (FI) data, that correspond to the Wingate mechanical power produced by the recruited
muscular group (Queiroga et al., 2013). To determine the lactate peak concentrations ([LAC]PEAK), a 5 ml
sample of capillary blood was taken from the ear lobe and peripheral blood lactate concentration was
measured using a Lactate Pro 2 analyser (KDK Array, Japan), before starting the test and at 1’, 3’, 5’, 7’ posttest (Wasserman, Beaver, & Whipp, 1986).
Statistical analysis
The study was designed as a prospective cohort study of the physical features of two groups of HIFT athletes,
recruited from several training centres in the city of Rome, Italy. Descriptive statistics were performed using
means ± SD. Normality of the distributions was assessed by means of the Shapiro-Wilk test. Comparison
between groups was carried out using ANOVA for independent samples. Cohen’s d was also calculated for
assessing the effect size (ES). Simple Pearson’s r correlations were used to determine the associations
between tests performance data. Countermovement jump analysis of maximal power, optimal velocity and
optimal force was performed using a custom Matlab programme (Mathworks, Inc., Natick, MA, USA).
Statistical analysis was performed using SPSS (version 22, SPSS Inc. Chicago IL, USA) and statistical
significance was set at p < .05.
RESULTS
Anthropometric data
Populations’ anthropometric characteristics are presented in Table 1. Athletes’ age was 29.0 ± 5.4 (18–36)
years in CMP and 32.5 ± 6.2 (19–39) in BGN athletes. Mean measures of body mass, height and body
surface area (BSA) were significantly greater for CMP than BGN. CMP had also a higher lean body mass
(LBM) and less body fat than BGN athletes. Nevertheless, both groups showed body fat percentage that can
be considered in the optimal range, based on gender, age and ethnicity criteria (Gallagher et al., 2000; Kelly,
Wilson, & Heymsfield, 2009; Rodriguez, DiMarco, & Langley, 2009). In CMP and in BGN athletes, lean body
mass correlated positively with dominant handgrip strength (p < .05, r = 0.71 in elite and p < .05, r = 0.76 in
amateur). Training time showed significant differences between the two groups. CMP athletes trained on
average 373.6 ± 119.31 minutes per week, while BGN athletes trained on average 239.7 ± 59.90 minutes
per week (p < .05).
Maximal oxygen consumption
VO2peak absolute and normalized for body mass values were significantly greater in CMP athletes than in
BGN. Both groups reached similar percentage of the HRmax and no differences were present in terms of
Lactate Threshold % of VO2peak. A correlation analysis between the maximal aerobic fitness tests and other
tests showed no significant correlation. Main values from the maximal incremental exercise test are presented
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in Table 2 and full results are available in the supplementary files.
Table 1. Anthropometric characteristics. BSA, body surface area.
Elite
Age (years)
29 ± 5.4
Height (m)
1.79 ± 0.043
Body mass (kg)
83.4 ± 6.95
Fat Body Mass (kg)
10.6 ± 2.31
Fat Body Mass (%)
12.6 ± 2.43
Lean Body Mass (kg)
72.8 ± 5.75
2
BSA (m )
2.04 ± 0.104
Training volume (minutes·week)
373.6 ± 119.31
Table 2. Values of major variables from all test.
Variables
Maximal oxygen consumption
VO2peak/kg (ml·kg-1·min-1)
VO2@LT % of VO2peak
Squat Jump
Maximal power (W·kg-1)
Optimal speed (ms-1·kg-1)
Optimal force (N·kg-1)
Handgrip
Maximal strength (N·kg-1)
Maximal voluntary isometric strength
Peak torque extension (N·kg-1)
Peak torque flexion (N·kg-1)
Isokinetic strength
Maximal torque momentum extension (N·kg-1)
Maximal torque momentum flexion (N·kg-1)
Running-based Anaerobic Sprint Test
Peak Power (W·kg-1)
Anaerobic Capacity (kJ)

Amateur
32 ± 6.2
1.74 ± 0.059
71.3 ± 7.14
12.5 ± 4.67
17.4 ± 6.00
58.6 ± 5.65
1.85 ± 0.112
239.7 ± 59.90

p-value
.1
.01
.002
.09
.01
<.001
.002
.03

Competitive

Beginners

p-value

56.1 ± 2.89
79.7 ± 10.85

46.5 ± 6.86
80.2 ± 4.25

<.001
.8

4.5 ± 0.42
2.8 ± 0.15
2.1 ± 0.28

2.9 ± 0.67
2.2 ± 0.24
1.2 ± 0.18

<.001
<.001
<.001

61.1 ± 8.20

45.1 ± 7.58

<.001

11.7 ± 1.43
7.4 ± 1.18

9.1 ± 2.00
7.5 ± 1.94

.004
.9

281.3 ± 28.18
173.3 ± 31.45

234.6 ± 26.15
126.3 ± 24.82

.001
.002

639.1 ± 125.54
101.8 ± 9.33

442.7 ± 155.96
87.0 ± 28.37

.006
.1

Lower limbs maximal power
CMP athletes reached greater values for maximal power output, optimal speed reached, and optimal force
produced compared to BGN. Maximal power and optimal force values normalized values for body mass and
lean body mass were significantly greater in CMP than in BGN athletes as shown in Table 2. In CMP athletes,
optimal force values positively correlated with dominant handgrip strength (p < .05, r = 0.79).
Handgrip maximal voluntary isometric strength
Handgrip strength differences were statistically significant, for both dominant and non-dominant hand,
between CMP and BGN. Dominant hand strength results of CMP athletes were positively correlated with
lower limb maximal power at the RAST (p < .05, r = 0.82), with optimal force at the squat jump test (p < .05,
r = 0.79), with strength (p < .05, r = 0.87), maximal power (p < .05, r = 0.84) and total work (p < .05, r = 0.88)
in the dominant limb in extension at the isokinetic test. Results from the dominant upper limb are shown in
Table 2 while non-dominant upper limb results are presented in the supplemental material.
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Table 3. Results from the maximal oxygen consumption test.
BGN
VO2peak (ml·min-1)
3256.7 ± 392.68
HRpeak % of HRmax
95.0 ± 3.89
VO2@LT/kg (ml·kg-1·min-1)
39.2 ± 6.75
RPE
18.3 ± 0.82

CMP
4413.7 ± 534.89
94.9 ± 4.69
42.3 ± 7.63
17.9 ± 1.66

p-value
<.05
.9
.3
.5

HR, heart rate; RPE, rate of perceived exertion.

Table 4. Results from the Running-based Anaerobic Sprint Test (RAST).
BGN
CMP
Fatigue Index (%)
3.8 ± 1.88
4.7 ± 2.64
Total Time (s)
37.9 ± 6.07
35.8 ± 3.28
Relative Peak Power
6.7 ± 2.68
6.9 ± 1.80
Mean Time Per Run (s)
6.3 ± 1.01
5.9 ± 0.54
[LAC]PEAK (mmol·L−1)
11.8 ± 4.20
9.1 ± 3.00

p-value
.3
.2
.4
.2
<.05

Table 5. Results from the isokinetic lower limb strength tests. p-values are referred to right and left legs
comparison between BGN and CMP.
BGN
4 reps 90°∙s-1
Force Ext (N·kg-1)
Force Flex (N·kg-1)
Power Max Ext (W)
Power Max Flex (W)
Total Work Ext (J)
Total Work Flex (J)
20 reps 180°∙s-1
Force Ext (N·kg-1)
Force Flex (N·kg-1)
Power Max Ext (W)
Power Max Flex (W)
Total Work Ext (J)
Total Work Flex (J)

Right leg
234.6 ± 26.15
126.3 ± 24.82
325.0 ± 42.11
154.3 ± 36.52
658.8 ± 63.19
359.3 ± 57.71
Right leg
177.5 ± 16.97
96.4 ± 16.34
387.9 ± 70.74
217.9 ± 22.24
2379.5±327.46
1119.4±189.04

Left leg
221.1 ± 34.66
119.9 ± 20.85
316.3 ± 62.24
152.4 ± 40.69
610.0 ± 109.55
332.1 ± 57.76
Left leg
152.9 ± 29.65
86.0 ± 13.63
446.8 ± 95.73
212.3 ± 66.32
2224.0±379.32
1019.9±262.76

CMP
Right Leg
281.3 ± 28.18
173.3 ± 31.45
481.0 ± 73.41
306.8 ± 68.39
814.2 ± 136.47
507.2 ± 149.02
Right Leg
203.6 ± 34.37
149.3 ± 29.97
629.9 ± 111.80
555.6 ± 173.56
2884.6±637.46
2101.0±669.48

Left leg
269.0 ± 31.42
162.8 ± 36.68
467.1 ± 75.86
283.4 ± 70.02
733.7 ± 148.58
491.8 ± 162.78
Left leg
189.3 ± 29.89
133.3 ± 23.60
609.3 ± 133.25
451.7 ± 86.73
2892.6±635.96
1893.6±452.02

p-value p-value
R
L
.001
.005
.002
.005
<.001
<.001
<.001
<.001
<.004
<.04
<.009
<.009
R
L
.04
.01
<.001
<.001
<.001
.006
<.001
<.001
.03
.01
<.001
<.001

Reps, repetitions; Ext, extension; Flex, flexion.

Leg extension and leg flexion maximal voluntary isometric strength
Differences between CMP and BGN were significant for both legs in extension, with CMP showing greater
peak torque values than BGN athletes. Differences were not significant in flexion. FLEX/EXT ratio showed a
significant difference between CMP and BGN, with CMP athletes showing a lower strength ratio between
flexor and extensor muscles (63% in CMP vs. 85% in BGN, p < .05). Peak torque results for the dominant
leg are presented in Table 2, while the full set of results for the non-dominant leg knee-extension and kneeflexion are available in the supplemental material.
Isokinetic leg extension and leg flexion strength
Force normalized per body mass, maximal power and total work were significantly higher in CMP athletes
than BGN, in extension and flexion, at both the 4 repetitions 90°·s-1 test and 20 repetitions 180°·sec-1 test.
The maximal torque momentum in extension and flexion are presented in Table 2, while the full set of data
for the 2 tests is available in the supplemental material.
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Running-based Anaerobic Sprint Test
The PP results from the RAST are presented as values relative to kg of body mass (W·kg-1). PP, MP and
top speed values were significantly higher in CMP athletes compared to BGN. FI, RPP and AnC did not show
significant differences between the two groups. Interestingly in CMP athletes, average power produced
during RAST, positively correlated with optimal force at the squat jump test (p < .05, r = 0.81), with dominant
handgrip strength (p < .05, r = 0.79), with lower limb strength (p < .05, r = 0.85) and maximal instant power
(p < .05, r = 0.79) in the dominant leg in extension at the isokinetic test. The peak power and anaerobic
capacity results are shown in Table 2, while the full set of data is available in the supplemental material.
DISCUSSION
To our knowledge, this is the first study to investigate the anthropometric and physiological differences
existing between a group of competitive HIFT athletes and a group of age- and gender-matched beginner
HIFT athletes, through a comprehensive series of tests that includes maximal oxygen consumption, strength
and anaerobic capacity. The main findings suggest an overall difference between CMP and BGN athletes,
with CMP displaying greater aerobic fitness and strength performance than BGN. Although this result is not
surprising and is routinely observed in other sports (Ahtiainen, Pakarinen, Alen, Kraemer, & Häkkinen, 2003;
Demirkan, Koz, Kutlu, & Favre, 2015; le Gall, Carling, Williams, & Reilly, 2010; Woods, McKeown, Haff, &
Robertson, 2016), further considerations should be given to explain the underlying factors for strength,
aerobic fitness and anaerobic capacity.
BGN athletes have generally less experience than elites’ in executing specific exercises and movements,
which has an impact on strength production. Although we were not able to measure and study the technical
skill level of all athletes, BGN are generally less used to generate high forces and power output during
laboratory test, and less familiar with the testing environment. In particular, skill mastery and physiological
adaptations result from high levels of continuous and specific practice over a considerable amount of time,
with the objective of improving performance (Ericsson, 2007). These factors might help explaining the
differences in results found within the BGN athletes’ group itself. Acute strength adaptations are common
among sedentary individuals beginning a new exercise due to neural adaptations (e.g. synchronization and
recruitment of additional motor units, increased neural drive, etc.). However, these adaptations are less
noticeable in those individuals who are already physically active or have been in the past. It is important to
note that although BGN participants of the current study, before starting the HIFT training, were all physically
active, their experience and technique associated with the execution of specific movements were limited and,
therefore, might have influenced their capacity to generate high forces and produce high power output.
Furthermore, the existing differences in anthropometry and body composition should also be considered
when interpreting the results as these have also played a role in producing the final effect, as previously
suggested (Keogh, Hume, Pearson, & Mellow, 2009).
Although the main objective of HIFT is not to specifically improve aerobic fitness, CMP athletes demonstrated
high levels of maximal oxygen consumption. Several studies have demonstrated a resulting increase in
oxygen consumption following high intensity trainings (Gibala & McGee, 2008; Helgerud et al., 2007; Tabata
et al., 1996). Although beyond the scope of this article, the mechanisms regulating these adaptations have
yet to be fully understood, but demonstrated to reach a similar extent to traditional endurance training, in a
shorter time and with lower total training volume (Burgomaster et al., 2008). The commonly observed
beneficial changes in resting blood pressure are mainly due to an increase in peripheral artery compliance
and endothelial function of trained muscles (Rakobowchuk et al., 2008). This results in the improved delivery
of O2 to the tissues and subsequently improved a-VO2 difference (Gibala, Little, Macdonald, & Hawley, 2012).
8
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Cardiac central adaptation like left ventricle (LV) remodelling also has been described but it appears to require
a longer training duration and greater exercise volume than that required to improve the cardiorespiratory
fitness or peripheral vascular structure and function (Wisloff et al., 2007). The HIFT session structure can
help explain this effect. The intense burst of exercise induces great increases in cellular and peripheral
vascular stress, while the heart does not seem to be affected by those stresses, due to the brief duration of
exercise bouts. This relative central “insulation” allows individuals to train at much higher intensities than they
would otherwise and results in different timing in the adaptations between central and peripheral levels
(Wisloff et al., 2007). An important distinction to make between general high intensity training and HIFT is
the modality of the exercise used. High intensity trainings typically adopt unimodal protocols (e.g. rowing,
running, cycling, arm-cranking) (P. E. Adami et al., 2015), while HIFT are multimodal, incorporating aerobic,
anaerobic and resistance-based exercise all in the same workout. Most of the HIFT exercises are multi-joint
movements, involving large segments of the body and prompting complex motor recruitment patterns, on
multiple planes (Heinrich et al., 2014). The reason why it is important to highlight this factor is because of the
pressor reflex, which was demonstrated to rapidly elevate the HR and place more stress on hemodynamics,
thus representing a potential mechanism for adaptation (Collins, Cureton, Hill, & Ray, 1991). When
interpreting the present study’s results, it is likely that BGN athletes did not have enough training time (weeks)
to develop significant central adaptations that would allow them to further increase their maximal aerobic
capacity.
Participants in the study were also evaluated from an anaerobic standpoint. Although CMP athletes showed
higher values of average and maximal power at the running-based anaerobic test, as expected, anaerobic
capacity (AnC) values were not significantly different between CMP and BGN athletes. These results support
the concept that improvements in anaerobic performance can occur following a short period of training.
Indeed, it confirms that participation in high intensity programmes, results in anaerobic improvements (i.e.
peak power and mean power) (Gibala & McGee, 2008; Jabbour, Iancu, & Paulin, 2015). A study conducted
by Gibala et al., has demonstrated the efficacy of a two-week sprint interval training program in physically
active participants in improving the anaerobic performance, which was hypothesized to happen because of
the improved cellular buffering systems (Gibala et al., 2006). Albeit beginner athletes, before starting their
training with high intensity functional programmes, were physically active, they were not regularly engaged
in high intensity exercises, therefore, they were more likely to respond to the HIFT through the principle of
anaerobic overload. Thus, it is possible that these “physically active subjects” behaved similarly to sedentary
individuals, with regards to the anaerobic training effect. The general hypothesis regarding adaptation to the
anaerobic overload is related to the improvements in the muscle buffering capacity, improved muscle quality
and glycogen content (Gibala et al., 2012; Gibala et al., 2006; Jabbour et al., 2015).
Although this study was a novel attempt to compare the physiological characteristics of CMP and BGN
athletes through a comprehensive assessment, it was not without its limitations. The sample size was a
limiting factor of this study, although the overall effects were great enough to observe statistically significant
differences. A larger sample would clearly provide better insights into the effects of HIFT. The lack of a nonexercising control group represents a further limitation. Another challenge was represented by the limited
observational time points and the fact that we could not assess BGN athletes before they enrolled in the HIFT
program. Finally, the selection of suitable testing protocols for this group of athletes represented another
challenge and underlines the importance of taking into consideration the population’s physical fitness
characteristics and type of training, whether applied to elite athletes (P. E. Adami et al., 2015; P. E. Adami et
al., 2019), amateur (Sirico et al., 2019) or patients (Ceccarelli et al., 2019), when investigating physiological
adaptations to specific training modalities.
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The current study provides a clarifying perspective of the early effects of HIFT programmes. However,
similarly comprehensive longitudinal studies, with a sufficiently long timeline, would allow for a better
understanding of the rate and degree of the physiological adaptations. Future studies should also focus on a
more extensive range of fitness components that are pertinent to the sport. Speed and agility, for instance,
are essential for many of the technical and repetitive actions performed in HIFT, but these attributes, so far,
have received limited research attention.
CONCLUSIONS
The present study shows that competitive HIFT athletes have higher aerobic fitness and strength than a
group of age- and gender-matched beginner HIFT athletes. The differences may be attributed to the technical
skills acquired overtime by competitive athletes and not only to the physiological adaptations induced by the
specific training methodology. The lack of differences in anaerobic capacity is likely due to an early and faster
improvement among beginner athletes, compared to other physiological parameters.
AUTHOR CONTRIBUTIONS
PEA, and AM contributed to the conception or design of the work. PEA, JER, NM and AM contributed to the
acquisition, analysis, or interpretation of data for the work. PEA and AM drafted the manuscript. PEA, JER,
NM and AM critically revised the manuscript. All gave final approval for publication on the Journal of Human
Sport and Exercise and agree to be accountable for all aspects of work ensuring integrity and accuracy.
SUPPORTING AGENCIES
No funding agencies were reported by the authors.
DISCLOSURE STATEMENT
No potential conflict of interest was reported by the authors.
REFERENCES
Adami, P. E., Delussu, A. S., Rodio, A., Squeo, M. R., Corsi, L., Quattrini, F. M., . . . Bernardi, M. (2015).
Upper limb aerobic training improves aerobic fitness and all-out performance of America's Cup
grinders. Eur J Sport Sci, 15(3), 235-241. https://doi.org/10.1080/17461391.2014.971878
Adami, P. E., Rocchi, J. E., Melke, N., & Macaluso, A. (2020). Physiological profile of high intensity
functional training athletes. J hum Sport Exerc, In press. https://doi.org/10.14198/jhse.2021.163.16
Adami, P. E., Squeo, M. R., Quattrini, F. M., Di Paolo, F. M., Pisicchio, C., Di Giacinto, B., . . . Pelliccia,
A. (2019). Pre-participation health evaluation in adolescent athletes competing at Youth Olympic
Games: proposal for a tailored protocol. Br J Sports Med, 53(17), 1111-1116.
https://doi.org/10.1136/bjsports-2018-099651
Ahtiainen, J. P., Pakarinen, A., Alen, M., Kraemer, W. J., & Häkkinen, K. (2003). Muscle hypertrophy,
hormonal adaptations and strength development during strength training in strength-trained and
untrained men. Eur J Appl Physiol, 89(6), 555-563. https://doi.org/10.1007/s00421-003-0833-3
Beaver, W. L., Wasserman, K., & Whipp, B. J. (1986). A new method for detecting anaerobic threshold
by gas exchange. J Appl Physiol, 60(6), 2020-2027. https://doi.org/10.1152/jappl.1986.60.6.2020
10

| 2020 | ISSUE - | VOLUME --

© 2020 University of Alicante

Adami, et al. / Physiological comparison between competitive & beginner athletes

JOURNAL OF HUMAN SPORT & EXERCISE

Bellar, D., Hatchett, A., Judge, L. W., Breaux, M. E., & Marcus, L. (2015). The relationship of aerobic
capacity, anaerobic peak power and experience to performance in CrossFit exercise. Biol Sport,
32(4), 315-320.
Bemben, M. G., Clasey, J. L., & Massey, B. H. (1990). The effect of the rate of muscle contraction on the
force-time curve parameters of male and female subjects. Res Q Exerc Sport, 61(1), 96-99.
https://doi.org/10.1080/02701367.1990.10607484
Bergeron, M. F., Nindl, B. C., Deuster, P. A., Baumgartner, N., Kane, S. F., Kraemer, W. J., . . . O'Connor,
F. G. (2011). Consortium for Health and Military Performance and American College of Sports
Medicine consensus paper on extreme conditioning programs in military personnel. Curr Sports Med
Rep, 10(6), 383-389. https://doi.org/10.1249/jsr.0b013e318237bf8a
Borg, G. (1998). Borg's perceived exertion and pain scales: Human kinetics.
Bui, H. T., Farinas, M. I., Fortin, A. M., Comtois, A. S., & Leone, M. (2015). Comparison and analysis of
three different methods to evaluate vertical jump height. Clin Physiol Funct Imaging, 35(3), 203-209.
https://doi.org/10.1111/cpf.12148
Burgomaster, K. A., Howarth, K. R., Phillips, S. M., Rakobowchuk, M., Macdonald, M. J., McGee, S. L.,
& Gibala, M. J. (2008). Similar metabolic adaptations during exercise after low volume sprint interval
and traditional endurance training in humans. J Physiol, 586(1), 151-160.
https://doi.org/10.1113/jphysiol.2007.142109
Ceccarelli, G., Pinacchio, C., Santinelli, L., Adami, P. E., Borrazzo, C., Cavallari, E. N., . . . d'Ettorre, G.
(2019). Physical Activity and HIV: Effects on Fitness Status, Metabolism, Inflammation and ImmuneActivation. AIDS Behav. https://doi.org/10.1007/s10461-019-02510-y
Clinical Exercise Testing. (2012). In K. H. J. Wasserman, D. Y. Sue, W. Stringer, K. E. Sietsema, X. G.
Sun, & B. J. Whipp (Eds.), Principles of exercise testing and interpretation: Including pathophysiology
and clinical applications (5th ed., pp. 129-153). Baltimore: Lippincott Williams & Wilkins.
Collins, M. A., Cureton, K. J., Hill, D. W., & Ray, C. A. (1991). Relationship of heart rate to oxygen uptake
during weight lifting exercise. Med Sci Sports Exerc, 23(5), 636-640.
https://doi.org/10.1249/00005768-199105000-00018
Demirkan, E., Koz, M., Kutlu, M., & Favre, M. (2015). Comparison of Physical and Physiological Profiles
in Elite and Amateur Young Wrestlers. The Journal of Strength & Conditioning Research, 29(7),
1876-1883. https://doi.org/10.1519/jsc.0000000000000833
Ericsson, K. A. (2007). Deliberate practice and the modifiability of body and mind: Toward a science of
the structure and acquisition of expert and elite performance. International Journal of Sport
Psychology, 38(1), 4-34.
Feito, Y., Heinrich, K. M., Butcher, S. J., & Poston, W. S. C. (2018). High-Intensity Functional Training
(HIFT): Definition and Research Implications for Improved Fitness. Sports (Basel), 6(3).
https://doi.org/10.3390/sports6030076
Gallagher, D., Heymsfield, S. B., Heo, M., Jebb, S. A., Murgatroyd, P. R., & Sakamoto, Y. (2000). Healthy
percentage body fat ranges: an approach for developing guidelines based on body mass index. Am
J Clin Nutr., 72(3), 694-701. https://doi.org/10.1093/ajcn/72.3.694
Gibala, M. J., Little, J. P., Macdonald, M. J., & Hawley, J. A. (2012). Physiological adaptations to lowvolume, high-intensity interval training in health and disease. J Physiol, 590(5), 1077-1084.
https://doi.org/10.1113/jphysiol.2011.224725
Gibala, M. J., Little, J. P., van Essen, M., Wilkin, G. P., Burgomaster, K. A., Safdar, A., . . . Tarnopolsky,
M. A. (2006). Short-term sprint interval versus traditional endurance training: similar initial
adaptations in human skeletal muscle and exercise performance. J Physiol, 575(Pt 3), 901-911.
https://doi.org/10.1113/jphysiol.2006.112094
VOLUME -- | ISSUE - | 2020 |

11

Adami, et al. / Physiological comparison between competitive & beginner athletes

JOURNAL OF HUMAN SPORT & EXERCISE

Gibala, M. J., & McGee, S. L. (2008). Metabolic adaptations to short-term high-intensity interval training:
a little pain for a lot of gain? Exerc Sport Sci Rev, 36(2), 58-63.
https://doi.org/10.1097/jes.0b013e318168ec1f
Gross, M., & Lüthy, F. (2020). Anaerobic Power Assessment in Athletes: Are Cycling and Vertical Jump
Tests Interchangeable? Sports (Basel), 8(5). https://doi.org/10.3390/sports8050060
Heinrich, K. M., Patel, P. M., O'Neal, J. L., & Heinrich, B. S. (2014). High-intensity compared to moderateintensity training for exercise initiation, enjoyment, adherence, and intentions: an intervention study.
BMC Public Health, 14, 789. https://doi.org/10.1186/1471-2458-14-789
Helgerud, J., Høydal, K., Wang, E., Karlsen, T., Berg, P., Bjerkaas, M., . . . Hoff, J. (2007). Aerobic highintensity intervals improve VO2max more than moderate training. Med Sci Sports Exerc, 39(4), 665671. https://doi.org/10.1249/mss.0b013e3180304570
Jabbour, G., Iancu, H. D., & Paulin, A. (2015). Effects of High-Intensity Training on Anaerobic and Aerobic
Contributions to Total Energy Release During Repeated Supramaximal Exercise in Obese Adults.
Sports Med Open, 1(1), 36. https://doi.org/10.1186/s40798-015-0035-7
Jackson, A. S., & Pollock, M. L. (1978). Generalized equations for predicting body density of men. Br J
Nutr, 40(3), 497-504. https://doi.org/10.1079/bjn19780152
Kelly, T. L., Wilson, K. E., & Heymsfield, S. B. (2009). Dual energy X-Ray absorptiometry body
composition
reference
values
from
NHANES.
PLoS
One,
4(9),
e7038.
https://doi.org/10.1371/journal.pone.0007038
Keogh, J. W., Hume, P. A., Pearson, S. N., & Mellow, P. J. (2009). Can absolute and proportional
anthropometric characteristics distinguish stronger and weaker powerlifters? J Strength Cond Res,
23(8), 2256-2265. https://doi.org/10.1519/jsc.0b013e3181b8d67a
Labanca, L., Laudani, L., Menotti, F., Rocchi, J., Mariani, P. P., Giombini, A., . . . Macaluso, A. (2016).
Asymmetrical Lower Extremity Loading Early After Anterior Cruciate Ligament Reconstruction Is a
Significant Predictor of Asymmetrical Loading at the Time of Return to Sport. Am J Phys Med
Rehabil, 95(4), 248-255. https://doi.org/10.1097/phm.0000000000000369
le Gall, F., Carling, C., Williams, M., & Reilly, T. (2010). Anthropometric and fitness characteristics of
international, professional and amateur male graduate soccer players from an elite youth academy.
J Sci Med Sport, 13(1), 90-95. https://doi.org/10.1016/j.jsams.2008.07.004
Macaluso, A., & De Vito, G. (2004). Muscle strength, power and adaptations to resistance training in
older people. Eur J Appl Physiol, 91(4), 450-472. https://doi.org/10.1007/s00421-003-0991-3
Macaluso, A., Young, A., Gibb, K. S., Rowe, D. A., & De Vito, G. (2003). Cycling as a novel approach to
resistance training increases muscle strength, power, and selected functional abilities in healthy older
women. J Appl Physiol (1985), 95(6), 2544-2553. https://doi.org/10.1152/japplphysiol.00416.2003
Mathiowetz, V., Kashman, N., Volland, G., Weber, K., Dowe, M., & Rogers, S. (1985). Grip and pinch
strength: normative data for adults. Arch Phys Med Rehabil, 66(2), 69-74.
Menotti, F., Bazzucchi, I., Felici, F., Damiani, A., Gori, M. C., & Macaluso, A. (2012). Neuromuscular
function after muscle fatigue in Charcot-Marie-Tooth type 1A patients. Muscle Nerve, 46(3), 434439. https://doi.org/10.1002/mus.23366
Queiroga, M. R., Cavazzotto, T. G., Katayama, K. Y., Portela, B. S., Tartaruga, M. P., & Ferreira, S. A.
(2013). Validity of the RAST for evaluating anaerobic power performance as compared to Wingate
test in cycling athletes. Revista de Educação Física, 19(4), 696-702. https://doi.org/10.1590/s198065742013000400005
Rakobowchuk, M., Tanguay, S., Burgomaster, K. A., Howarth, K. R., Gibala, M. J., & MacDonald, M. J.
(2008). Sprint interval and traditional endurance training induce similar improvements in peripheral
arterial stiffness and flow-mediated dilation in healthy humans. Am J Physiol Regul Integr Comp
Physiol, 295(1), R236-242. https://doi.org/10.1152/ajpregu.00069.2008
12

| 2020 | ISSUE - | VOLUME --

© 2020 University of Alicante

Adami, et al. / Physiological comparison between competitive & beginner athletes

JOURNAL OF HUMAN SPORT & EXERCISE

Rodriguez, N. R., DiMarco, N. M., & Langley, S. (2009). Position of the American Dietetic Association,
Dietitians of Canada, and the American College of Sports Medicine: Nutrition and athletic
performance. J Am Diet Assoc, 109(3), 509-527. https://doi.org/10.1016/j.jada.2009.01.005
Serafini, P., Hoffstetter, W., Mimms, H., Smith, M., Kliszczewicz, B., & Feito, Y. (2016). Body Composition
And Strength Changes Following 16-weeks Of High-intensity Functional Training. Med Sci Sports
Exerc, 48(5 Suppl 1), 1001. https://doi.org/10.1249/01.mss.0000488009.97613.c7
Sirico, F., Fernando, F., Di Paolo, F., Adami, P. E., Signorello, M. G., Sannino, G., . . . Biffi, A. (2019).
Exercise stress test in apparently healthy individuals - where to place the finish line? The Ferrari
corporate wellness programme experience. Eur J Prev Cardiol, 26(7), 731-738.
https://doi.org/10.1177/2047487318825174
Stumbo, T. A., Merriam, S., Nies, K., Smith, A., Spurgeon, D., & Weir, J. P. (2001). The effect of handgrip stabilization on isokinetic torque at the knee. J Strength Cond Res, 15(3), 372-377.
Tabata, I., Nishimura, K., Kouzaki, M., Hirai, Y., Ogita, F., Miyachi, M., & Yamamoto, K. (1996). Effects
of moderate-intensity endurance and high-intensity intermittent training on anaerobic capacity and
˙VO2max. Medicine & Science in Sports & Exercise, 28(10), 1327-1330.
https://doi.org/10.1097/00005768-199610000-00018
Wasserman, K., Beaver, W. L., & Whipp, B. J. (1986). Mechanisms and patterns of blood lactate increase
during exercise in man. Med Sci Sports Exerc, 18(3), 344-352. https://doi.org/10.1249/00005768198606000-00017
Wasserman, K., Whipp, B. J., Koyl, S. N., & Beaver, W. L. (1973). Anaerobic threshold and respiratory
gas
exchange
during
exercise.
J
Appl
Physiol,
35(2),
236-243.
https://doi.org/10.1152/jappl.1973.35.2.236
Wisloff, U., Stoylen, A., Loennechen, J. P., Bruvold, M., Rognmo, O., Haram, P. M., . . . Skjaerpe, T.
(2007). Superior cardiovascular effect of aerobic interval training versus moderate continuous
training in heart failure patients: a randomized study. Circulation, 115(24), 3086-3094.
https://doi.org/10.1161/circulationaha.106.675041
Woods, C. T., McKeown, I., Haff, G. G., & Robertson, S. (2016). Comparison of athletic movement
between elite junior and senior Australian football players. J Sports Sci, 34(13), 1260-1265.
https://doi.org/10.1080/02640414.2015.1107185
Zacharogiannis, E., Paradisis, G., & Tziortzis, S. (2004). An evaluation of tests of anaerobic power and
capacity. Med Sci Sports Exerc, 36(5), S116. https://doi.org/10.1249/00005768-200405001-00549

This work is licensed under a Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0).

VOLUME -- | ISSUE - | 2020 |

13

