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Purpose: To compare the acute and chronic effects of high-intensity intermittent training (HIIT) and
moderate-intensity continuous training (MICT) on indices of cardio-metabolic health: (HDL-c, total
cholesterol, triglycerides, heart ratio, and phase angle/PhA) in physically active men.
Methods: Twenty active men were randomly allocated to HIIT (n¼ 10), or MICT (n¼ 10) for 5 weeks,
three times per week. HIIT consisted of running 5 km with 1-min at 100% of maximal aerobic speed
interspersed by 1-min passive recovery while subjects in MICT group ran continuously the same 5 km at
70% of maximal aerobic speed. Blood samples were collected at different moments during the first and
last exercise session. Before and after 5 weeks of both exercise training protocols, heart ratio (during
exercise session) and PhA were measured pre and post-exercise training.
Results: Fasting HDL-c levels did not change after 5 weeks of HIIT or MICT. Perceptual variation of HDL
pre and post training (fed state) tended to differ between HIIT and MICT (p¼ 0.09). All lipoproteins
parameters (HDL-c, total cholesterol, triglycerides and non-HDL) were increased in post-acute exercise
session compared to pre-exercise during the first and last training session, these being observed after
both training protocols. PhA and heart rate measured at different times during the first and last training
session were not affected in both training protocols.
Conclusion: These results indicate that HIIT and MICT modify the post-exercise lipoprotein profile
acutely. On the other hand, only HIIT tended to increase HDL-c levels chronically.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introdution

Metabolic alterations such as increases in plasma concentra-
tions of low-density lipoprotein (LDL-c), triacylglycerol (TAG), and
total cholesterol (TC) as well as reductions in high-density lipo-
protein (HDL-c) are well substantiated risk factors for
etabolism Research Group,
ual Paulista (UNESP), 19060-

ier Ltd. All rights reserved.
cardiovascular diseases (CVD) [23,26,29]. A lack of physical activity
and excessive food intake are two important modifiable behaviors
promoting the development of metabolic disorders [30] and the
development of cardiovascular diseases; twomajor causes of death,
worldwide [9,21].

Exercise training is well associated with improvements in
plasma lipid profile [17,27,31] and cardiovascular health (decreased
heart rate/pressure at rest and during an acute exercise session).
Most interestingly, however, reductions in plasma LDL-c and TAG
levels combined with increases in the concentrations of HDL-c have
been reported after an acute bout of exercise [5,14,15]. Higher HDL-
c concentrations seem to be more associated with to the acute
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effects of aerobic exercise when it is performed above
1100e1500 kcal of energy expenditure at approximately 70% of the
VO2max [6,13,14]. On the other hand, Lira et al. [15] showed that
acute impact of a high-intensity continuous exercise (90% VO2max)
with low energy expenditure (~125 kcal) leads to a reduction of
plasma LDL-c concentrations. Thus, different conditions of aerobic
exercise and energy expenditure can promote positive changes to
both HDL-c or LDL-c plasma levels. Some authors suggested that
there is a minimal energy expenditure threshold that is necessary
to trigger changes in plasma lipoprotein profiles [6,15].

These results, support the hypothesis suggesting that an acute
session of a continuous moderate-to high-intensity aerobic activity
modulates LDL-c and HDL-c plasma levels. However, there is
limited information regarding the acute effects of intermittent
high-intensity exercise on plasma lipid profiles. Intermittent exer-
cise is a mode of training highly used by elite athletes. Our group
previously examined blood lipid profile after two modes of high-
intensity intermittent exercise (all-out exercise and fixed high-
intensity intermittent exercise) and found that acute exercise ses-
sion did not promote any change in the postprandial blood lipid
profile [19]. However, there is no information regarding the po-
tential effects of an intermittent high-intensity exercise bout on the
improvement of blood lipoproteins profiles and cardiovascular
health indices.

The primary purpose of the present study was to determine if a
short high-intensity intermittent training program leads to similar
improvements in fasting blood lipoproteins and phase angle than a
continuous moderate-intensity program. The second objective was
to determinewhether an acute intermittent high-intensity exercise
bout influences heart rate, plasma LDL-c and HDL-c levels in the
postprandial state before and after training.
2. Methods

2.1. Subjects

Twenty healthy eutrophic men aged between 18 and 35 years
whose physical and physiological characteristics were determined
by DEXA (Lunar DPX-NT scanner General Electric Healthcare)
(Table 1) were recruited for the study.

The protocol was approved by the University Research Ethics
Committee of S~ao Paulo State University (UNESP) for studies
involving human participants (53297815.8.0000.5402). All subjects
gave a written and informed consent in accordance with the
Declaration of Helsinki.
2.2. Incremental test for determination of maximum speed

All subjects were first submitted to an incremental running test
on a treadmill (Inbramed MASTER CI, Inbrasport®, Porto Alegre,
Brazil) to determine their maximum oxygen consumption (Model
Table 1
Anthropometric and physiological characteristics of subjects.

MICT HIIT

Age (years) 24.6± 3.71 26.9± 4.70
Total body mass (kg) 76.1± 11.9 71.5± 6.21
BMI (kg/m2) 23.7± 2.83 23.2± 1,58
VO2 peak (ml.kg.min�1) 50.1± 3.08 54.0± 4.11
sVO2 max (km/h) 13.9± 0.78 14.5± 1.03

Note. MICT¼moderate-intensity continuous training (n¼ 10); HIIT¼ high-in-
tensity intermittent training (n¼ 10); BMI ¼ Body mass index; VO2peak¼ peak ox-
ygen consumption; sVO2max¼maximum speed reached in incremental test. Values
presented as means± SD.
Quark PFT Ergo, Cosmed®, Rome, Italy). The initial speed was set at
8 kmh�1 and it was increased by 1 kmh�1 every 2min until voli-
tional exhaustion. Strong verbal encouragements were given dur-
ing the test. Oxygen uptake consumption was evaluated
throughout the test and the average measurements of the last 30 s
were defined as the VO2peak. The sVO2peak was defined as the final
incremental test speed when the subject was unable to complete
the stage. The speed was expressed according to the time spent at
the final stage of the test. This was determined as follow:
sVO2peak ¼ speed of final complete stage þ [(remaining time of the
final incomplete stage/120 s) * 1 km h�1] [20].

2.3. Groups and exercise training program

Following the initial maximal endurance running test, subjects
were stratified into two groups who had to undergo a 5-week
training program (3 sessions/week) where they had to run a total
of 5 km per session: 1) high intensity interval training (HIIT) where
each bout consisted of 1min of running at 100% of their sVO2peak
(n¼ 10) while achieving 1min of passive recovery or; 2) moderate
intensity continuous training (MICT) at 70% of their sVO2peak

(n¼ 10). For each exercise session, subjects of both MICT and HIIT
groups performed a 5-min warm-up at 50% of their sVO2peak and a
5-min passive recovery at 50% of their sVO2peak.

2.4. Heart rate measurement

Heart ratewas monitored using a heart rate analyzer Polar S810i
(Polar ®, Finland) with a recording strap positioned on the distal
third of the sternum and a receiver placed on the wrist of partici-
pants [34]. For the HIIT group, HR values were recorded at the
beginning and the end of each bout in all exercise session. For the
MICT group, HR was recorded at 5-min intervals throughout each
exercise session. The mean HR of each exercise session was
calculated.

2.5. Phase Angle

The BIA (Xitron Hydra, model 4200, Xitron Technologies, San
Diego, California) was used to estimate R, Xc, and subsequently the
PhA was calculated as the arc-tangent (Xc/R)� 180�/p. All mea-
surements were conducted during the morning. Prior to the tests
all participants were instructed to remove all objects containing
metal, to urinate about 30min before initiating the test, to restrain
from ingesting food or drinks for 4 h, to avoid strenuous physical
exercise for at least 24 h, and restrain the consumption of alcoholic
and caffeinated beverages for at least 48 h, Measurements were
performed in lying supine position using two electrodes placed on
the surface of the right hand and the right foot in accordance to
described procedures [8]. The spectral bioelectrical impedance
device was calibrated each day according to the manufacturer's
recommendations. The test-retest measured 24 h apart resulted in
an SEM of 15.6U and ICC¼ 0.95 for R, 3.5U and 0.96 for Xc, and
0.21� and 0.96 for PhA.

2.6. Acute exercise and blood collections

In the morning of the first and last training sessions, subjects
arrived early to the laboratory after an overnight fast (12 h). The
first blood sample was collected in the fasting state and a standard
breakfast (corresponding to 25% of daily energy) was then ingested
by every subject. Ninety minutes after breakfast the second blood
sample was collected, and subjects started their respective exercise
training session. Blood was then collected at different points in
time: a) fasting state; b) pre-exercise in fed state; c) immediately



Fig. 1. Experimental study design performed to high intensity interval training (HIIT) and moderate intensity continuous training (MICT).
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post-exercise and d) 1 h post-exercise (recovery) (Fig. 1). Five mL of
blood was collected from a peripheral vein in vacutainer tubes
(Becton Dickinson, Juiz de Fora, Brazil) by a professional nurse.
Tubes were centrifuged at 3000 rpm for 15min at 4 �C, and serum
samples were stored at �20 �C for later use.

2.7. Plasma volume determination

For each sample of collected blood, an aliquot was kept in tubes
with anticoagulant (EDTA K3, BD Vacutainer®) for hematocrit
determination. Two capillary tubes were sealed with resin and
allocated to dry before utilization. Posteriorly, 50 mL of blood ali-
quots were pipetted in duplicate into those tubes and centrifuged
(MH 11.5 i INBRAS, Brazil) for 5min at 11,500 rpm. This procedure
was used to separate the hematocrit and identify the plasmatic
volume changes over time using Van Beaumont equation [33].

2.8. Serum lipid profile

The concentrations of TAG, TC, and HDL-c were determined by a
colorimetric method according to specific kits (Labtest®, Brazil). In
addition, the non-HDL cholesterol (nHDL-c) was calculated by
subtracting total cholesterol to HDL-c concentrations. All results
were adjusted for individual changes in plasma volume.

2.9. Statistical analyzes

Shapiro-Wilk test were used to determinewhether the datawas
normally distributed. Results are expressed as mean þstandard
deviation (SD). To analyze lipid profiles in the fasting state, a
repeated measures 2-way ANOVA (Group and Training) was
Table 2
Parameters of phase angle before and after 5-week of training at high and moderate int

HIIT

Pre Post D%

mean (SD) mean (SD)

IW (L) 28.21± 3.67 28.31± 3.60 0.35
EW (L) 16.35± 2.12 16.32± 1.92 �0.1
PAra (�) 6.32± 0.59 6.40± 0.67 1.26
PAla (�) 6.15± 0.58 6.14± 0.64 �0.0
PAt (�) 10.14± 1.50 10.45± 1.37 3.07
PArl (�) 7.10± 0.39 7.25± 0.52 2.11
PAll (�) 6.95± 0.46 7.16± 0.57 2.97

Note. MICT¼moderate-intensity continuous training (n¼ 8); HIIT¼ high-intensity int
PAra¼ Phase Angle right arm; PAla¼ Phase Angle left arm; PAt¼ Phase Angle trunk; P
SD¼ standard deviation; D%¼ percentual difference between pre and post-training.
conducted using the Bonferroni post-hoc test, when necessary. The
D pre and post 5-weeks of training at different intensities (MICT
andHIIT) were analyzed using aMann-WhitneyU test, andD values
were presented in the median and interquartile range. Acute data
were analyzed using a repeated measures 3-way ANOVA with
group (MICT and HITT), training (pre and post intervention), and
time of measurement (pre, post, and 60min of recovery) as inde-
pendent variables using the Bonferroni post-hoc test, when
necessary. Before these ANOVA analyses, the sphericity was tested
by Mauchly's test, with correction of Greenhouse-Geisser, when
necessary. Statistical significance was set at 5% (P< 0.05) and ana-
lyses were conducted using SPSS 15.0 (SPSS Inc., Chicago, IL).

3. Results

Baseline characteristics of subjects dis not differ between the
two training modalities (Table 1). Body mass, lean mass and fat
mass values were not significantly different between training
protocols after 5 weeks of exercise intervention (data not showed).

3.1. PhA and heart rate

Phase angle (Table 2) and heart rate (Figs. 2 and 3) were
measured before and after acute exercise. They did not show any
differences either between groups or in response to training.

3.2. Lipid profile measured in the fasting state

Parameters of the lipid profile measured at rest in the fasting
state before and after the training period are presented in Table 3.
TC, TAG, HDL, and nHDL-c levels were measured in the fasting state
ensities.

MICT

Pre Post D%

mean (SD) mean (SD)

29.80± 4.01 29.40± 3.52 �1.34
8 17.70± 2.42 17.34± 2.23 �2.05

5.72± 0.47 5.25± 1.76 �8.37
4 5.24± 1.73 5.20± 1.73 �0.87

8.39± 2.88 8.55± 2.90 1.96
5.99± 1.97 6.00± 2.15 0.20
5.94± 1.92 6.11± 1.94 2.89

ermittent training (n¼ 10); IW¼ Intracellular Water; EW¼ Extracellular Water;
Arl¼ Phase Angle right leg; Pall¼ Phase Angle left leg; (L)¼ Liters; (�)¼ degrees;



Fig. 3. HR kinetics during the initial and final session of the HIIT and MICT groups.
Note. MICT¼moderate-intensity continuous training (n¼ 10); HIIT¼ high-intensity
intermittent training (n¼ 10); HR ¼ Heart Rate; Pre¼ Pre-training; Post¼ Post 5
weeks of training. Values presented in mean and standard deviation.

Fig. 2. Mean HR during different sessions of the training period.
Note. MICT¼moderate-intensity continuous training (n¼ 10); HIIT¼ high-intensity
intermittent training (n¼ 10); Mean HR¼Mean Heart Rate; Pre¼ Pre-training; 3-
w¼ 3 weeks of training; Post3-w¼ Post 3 weeks of training; Post¼ Post 5 weeks of
training. Values are presented as mean± SD.
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(before the acute exercise) and they did not show any difference
either between groups or in response to training. Comparisons of
the D revealed a tendency towards an increase in HDL after HIIT
(Median [IQR]) and MICT (Median [IQR]) (U¼ 28; p¼ 0.09) when
compared to MICT.

3.3. Lipid profiles in response to an acute exercise session

Metabolic responses measured immediately before (in the fed
state) and at different time points after an acute exercise session
before and after the training program are shown in Table 4. There
was no significant difference between MICT and HIIT groups in
response to training. Nevertheless, TAG, TC, HDL-c, and n-HDLc
Table 3
Changes in the lipid profile in the fasting state before and after training.

HIIT

Pre Post D

mean (SD) mean (SD) median (IQR)

TC 180± 36 172± 36 �3.0 (�24.3, 20.9
TAG 133± 26 131± 31 �4.6 (�15.7, 7.4)
HDL-c 37± 5 38± 6 1.4 (�1.1, 3.4)*

nHDL-c 142± 35 134± 34 �3.4 (�26.1, 19.6

Note. MICT¼moderate-intensity continuous training (n¼ 10); HIIT¼ high-intensity i
c¼ high-density lipoprotein; nHDL-c¼ non-HDL cholesterol; SD¼ standard deviation; IQ
session. *¼ tendency for difference between groups for D (p< 0.09). Lipid profile is expr
levels were increased (p< 0.05) immediately after the end of the
session in all training conditions.

4. Discussion

The main findings of the study were that an acute session of
MICTand HIIT training both increased lipid values. In comparison to
pre-training values, higher TAG, TC, HDL-c and nHDL-c concentra-
tions were measured after the 5 weeks of training. In addition, we
observed a tendency (p< 0.09) for higher HDL-c levels in HIIT
compared with MICT in the fasting state.

Fasting or postprandial plasma lipoprotein profiles were previ-
ously measured in response to an exercise bout [15,16,19]. In
response to the 5-week training program the present study shows
that 5-km both HIIT andMICT bouts tended to increase fasting HDL-
c levels. HDL-c levels were increased by ~3% in the HIIT group (pre-
training 37± 5 and post-training 38 ± 6mg/dL), therefore, theo-
retically providing a protective effect in physically active men. In
this context, it is interesting to recall the meta-analysis conducted
by Kelley et al. [10] showing that aerobic exercise training (70e75%
VO2max) was effective in reducing LDL-c (�3%) while increasing
HDL-c (þ3%). This meta-analysis reinforced the idea that even small
increases in HDL-c levels induce relevant clinical outcomes. In
addition, the strong tendency for TC (p< 0.09) to be higher after the
HIIT vs. MICT might be related, at least in part, to increased
cholesterol exchanges and higher presence of cholesterol in the
HDL particle.

The possible mechanism involved in the modulation of HDL-c
levels following HIIT might be related to the action of two en-
zymes involved in HDL metabolism, cholesteryl ester transfer
protein (CETP) and lecithin-cholesterol acyltransferase (L-CAT)
[4,7]. Exercise training modulates the activity of both enzymes. In a
recent study, Casquero et al. [2] reported that chronic endurance
training at moderate intensity in mice resulted in decreases in CETP
activity. A lower CETP activity could reduce the transfer of choles-
terol from TG-rich lipoproteins to HDL while potentially increasing
HDL-c levels. An increase in LCAT activity as previously reported in
response to exercise training [18]. This effect could be mediated
through the increased transfer of plasma membrane cholesterol to
the HDL particle. It is thus possible that high-intensity training may
affect one or both of these critical enzymes regulating of HDL levels
while moderate intensity training would have more limited effects
on a short-term basis. High intensity interval training induces a
greater oxygen deficit and promotes major physiological pertur-
bations which could result in higher resting metabolic rate and
influence the activity of CETP and LCAT enzymes involved in the
regulation of HDL particles.

Overall HDL cholesterol content in the plasma was previously
reported to play a crucial role in lipid metabolism. Recent studies
recently suggested that HDL cholesterol functionality is more
important than its concentration per se in some diseases [11,12,24].
MICT

Pre Post D

mean (SD) mean (SD) median (IQR)

) 187± 48 159± 39 3.9 (�20.7, 9.5)
124± 24 126± 18 5.5 (�3.3, 12.5)
39± 5 37± 5 �2.4 (�3.6, �1.6)

) 147± 46 121± 39 4.3 (�22.6, 13.4)

ntermittent training (n¼ 10); TC¼ total cholesterol; TAG¼ triacylglycerol; HDL-
¼ interquartile range (25, 75); D¼ difference between rest and immediately post-

ess in mg/dL.



Table 4
Lipid profiles before and after an acute running session of 5 km prior and after achieving a 5-week of training program at high or moderate intensities.

Pre-training Mean± SD Post-training Mean± SD

Pre-exercise Post-exercise 60-min Pre-exercise Post-exercise 60-min

HIIT TC 161± 37 173± 35a 172± 41 161± 28 173± 35a 166± 26
TAG 129± 25 136± 28a 132± 25 137± 32 142± 25a 132± 17
HDL-c 27± 4 33± 6a 31± 7 28± 6 32± 6a 28± 5
nHDL-c 133± 38 140± 35a 141± 44 132± 30 140± 36a 137± 25

MICT TC 162± 32 187± 37a 155± 31 172± 35 178± 38a 177± 53
TAG 143± 21 151± 30a 131± 21 154± 46 167± 44a 141± 24
HDL-c 34± 8 40± 7a 34± 6 35± 8 39± 9a 34± 9
nHDL-c 127± 31 147± 34a 121± 28 120± 59 139± 35a 143± 55

Note. MICT¼moderate-intensity continuous training (n¼ 10); HIIT¼ high-intensity intermittent training (n¼ 10); TC¼ total cholesterol; TAG¼ triacylglycerol; HDL-
c¼ high-density lipoprotein; nHDL-c¼ non-HDL-cholesterol; SD¼ standard deviation. Lipid profile is express in mg/dL. a¼ significantly different from pre-exercise. Lipid
profile is express in mg/dL.
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Results derived from other recent studies proposed the importance
of physical exercise to induce the increment of reverse cholesterol
transport (RCT) [22,24].

Phase angle and heart rate measured are metabolic health
indices and they presented no significant differences in response to
the training regimen before and after individual bouts tested in the
present study. Previous studies indicated a positive effects of
chronic exercise training on phase angle [25], mainly for special
groups (i.e. older population) [3,28]. This beneficial response being
correlated with inflammatory markers [32]. Dos Santos et al. [3]
suggested that training and improvements in body composition
increase phase angle whereas detraining results in a marked
decrease in PhA. These last results lead us to hypothesize that the
physical condition of our participants (physically active, healthy
and eutrophic) may explain the absence of changes in the phase
angle as well as in heart rate.
4.1. Lipid profile in link with acute exercise session

Regarding the response to an acute exercise session in the pre-
training and post-training conditions, there was no change
following both training protocols. Recently, Panissa et al. [19]
compared the effects of different high-intensity exercise programs
(all-out exercise and fixed high-intensity intermittent exercise) on
postprandial lipid profile responses. They were not able to find any
influence of both exercise modes on lipid metabolism. In this re-
gard, Magkos [16] and Lira [13] put forward the hypothesis that
there is a minimum threshold of energy expenditure necessary to
change the lipoprotein profile following acute exercise. They sug-
gested that it is necessary to exercise with energy expenditure
between 1.100 and 1.500 kcal and at approximately 70% VO2max to
obtain an effect on HDL-c. They also observed that individuals have
to reach between 500 and 600 kcal of energy expenditure before
having an effect on TAG and VLDL plasma levels. Our group previ-
ously showed that both training protocols used in the present study
increase energy expenditure by ~500 kcal per session [1]. The
present absence of training effect in response to an acute exercise
session might therefore, be explained by the fact that energy
expenditure was too low to affect the plasma lipid profile. Thus,
more studies would be needed for a better understanding of the
mechanisms underlying these responses. Hence, it would be of
particular interest to determine whether the same effects are
observed in sedentary individuals with dyslipidemia or obesity. In
addition, our research group recognizes the need of advanced and
more sophisticated technologies to help determine the function-
ality of HDL-c.

Taken together, our data indicate that both HIIT and MICT may
alter the lipoprotein profile following an acute session of exercise.
However, in response to chronic exercise training, only HIIT
depicted a trend towards increasing HDL-c levels in the fasting
state. It is suggested that the intensity of the exercise should also be
considered when prescribing a training program aimed at
increasing HDL-c levels.
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