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Background: Data regarding the effect of training on plasma lipids are controversial. Most
studies have addressed continuous or long intermittent training programs. The present study
evaluated the effect of short-short high-intensity intermittent training (HIIT) on aerobic capacity
and plasma lipids in soccer players.

Methods: The study included 24 male subjects aged 21-26 years, divided into three groups:
experimental group 1 (EG1, n=8) comprising soccer players who exercised in addition to regular
short-short HIIT twice a week for 12 weeks; experimental group 2 (EG2, n=8) comprising soc-
cer players who exercised in a regular football training program; and a control group (CG, n=8)
comprising untrained subjects who did not practice regular physical activity. Maximal aerobic
velocity and maximal oxygen uptake along with plasma lipids were measured before and after
6 weeks and 12 weeks of the respective training program.

Results: Compared with basal values, maximal oxygen uptake had significantly increased
in EG1 (from 53.3+4.0 mL/min/kg to 54.8+3.0 mL/min/kg at 6 weeks [P<<0.05] and to
57.0£3.2 mL/min/kg at 12 weeks [P<<0.001]). Maximal oxygen uptake was increased only
after 12 weeks in EG2 (from 52.8+2.7 mL/min/kg to 54.242.6 mL/min/kg, [P<<0.05]), but
remain unchanged in CG. After 12 weeks of training, maximal oxygen uptake was significantly
higher in EG1 than in EG2 (P<<0.05). During training, no significant changes in plasma lipids
occurred. However, after 12 weeks, total and low-density lipoprotein cholesterol levels had
decreased (by about 2%) in EG1 but increased in CG. High-density lipoprotein cholesterol
levels increased in EG1 and EG2, but decreased in CG. Plasma triglycerides decreased by 8%
in EG1 and increased by about 4% in CG.

Conclusion: Twelve weeks of short-short HIIT improves aerobic capacity. Although changes
in the lipid profile were not significant after this training program, they may have a beneficial
impact on health.
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Introduction

The risk of cardiovascular diseases is clearly increasing worldwide. Taking the example
of'the USA from 2003 to 2006, The National Health and Nutrition Examination Survey
estimated that 34% of adults (over the age of 20 years) met the criteria for metabolic
syndrome.!

Practicing sport, especially aerobic training, has been proposed to be an effective
mechanism for cardiovascular protection, but its effectiveness depends on many fac-
tors, including age, sex, body composition, and nutrition, as well as training duration
and intensity. According to the literature, aerobic training improves plasma lipids,
particularly in obese and overweight subjects.>* Data regarding the effects of aerobic
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training on the lipid profile in adults (trained and untrained)
are controversial. Some studies have demonstrated the effi-
ciency of aerobic training on aerobic capacity and the lipid
profile,*!'" whereas other studies only showed an improve-
ment in aerobic capacity after continued and intermittent
aerobic training without any obvious modification of the
lipid profile.'”>'® The majority of previous studies testing
the effects of aerobic training have focused on untrained
subjects using a continuous or long-long intermittent train-
ing method.***!'"!® In particular, no study has considered
plasma lipids in athletes using a short-short [15 second of
work — 15 second of passive recovery (15-15)] intermittent
training method. This study investigated the effects of a short-
short high-intensity intermittent training (HIIT) program on
aerobic capacity and lipid profile in soccer players compared
with untrained subjects.

Materials and methods

Subjects

The study included 24 male subjects of mean age 22.9+1.73
(range 21-26) years, divided into three groups: experimen-
tal group 1 (EG1), comprising eight trained subjects who
followed a regular football training program with an addi-
tional intermittent (15-15) training program for 3 months;
experimental group 2 (EG2), comprising eight trained
subjects who followed a regular football training program
without undergoing an additional intermittent training; and
a control group (CG), comprising eight untrained subjects
who did not practice regular physical activity.

The trained subjects were amateur soccer players belonging
to the third division of the Tunisian championships competing
at the regional level during the 2012—2013 season. All athletes
trained for about 11 hours a week, and had been playing
football for 812 years. They were randomly allocated to the
experimental groups after stratification according to maximal
aerobic velocity (MAV). All participants showed no physical
anomaly during medical exam and gave their informed consent
to participate in the study. The protocol was approved by the
ethics committee at Rabta Hospital in Tunis.

Study protocol

The study was conducted during the competitive season
from September to December 2012. The temperature var-
ied between 10°C and 20°C and the humidity ranged from
40% to 70%. Anthropometric measurements, training, and
performance tests were undertaken on the football pitch and
blood was drawn in the laboratory.

Anthropometric measurements
Weight (kg) was measured by an electronic balance (Pharo
200) and height (m) was measured with a stadiometer. Body
mass index (BMI) was calculated as follows:

BMI (kg/m?) = weight/height?.

Estimation OfVOZmax and MAV

Maximal oxygen uptake (VO,  )and MAV were measured
using the Yo-Yo intermittent recovery test (level 1). This
test was performed three times, ie, before, during, and after
3 months of the training program for the three groups. The
Yo-Yo intermittent recovery test devised by Bangsbo!® and
described by Krustrup et al,® consists of repeated 2x20
meter runs back and forth between the starting, turning, and
finishing line at a progressively increased speed controlled by
audio bleeps from a computer. Between each bout of running,
the subjects had a 10-second active rest period, consisting of
2x5 m of jogging. The test ended when the subjects twice
failed to reach the finishing line on time.?!

Training program

Intermittent training

The EG1 players participated in a short duration 15-15 HIIT
program twice a week over 3 months, ie, Tuesday and
Thursday each week during the competitive phase as an addi-
tion to usual training. From the MAV obtained by the Yo-Yo
test, we established four working groups, and the players
in each group ran for specific distances starting at a 105%
MAV intensity for the first 3 weeks, with addition of 5%
intensity of MAV every 3 weeks (Table 1). During training,
the Yo-Yo test was used to control and adjust the charges of
work. The players alternated between 15 seconds of work
and 15 seconds of passive recovery (15-15). Two 10-minute
sets were held each session, ie, 20 work repetitions and 19

Table | Maximal aerobic velocity groups and run distances (in
meters) according to the percentage of maximal aerobic velocity
in experimental group

Distance covered in 15 seconds
100% 105% 110% 115%

120%

MAV MAV MAV MAV  MAV
MAVY group, n (km/hour)
Group I, n=1 (13.1) 54.6 57.3 60.1 62.8 65.5

Group 2,n=2 (15.6)  64.8 68.0 71.3 74.5 77.8
Group 3,n=3 (16.2)  67.7 71.0 744 778 81.2
Group 4,n=2 (17.6) 732 76.9 80.6 84.2 87.8

Abbreviation: MAV, maximal aerobic velocity.
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bouts of recovery for each set, and the inter-set recovery time
was 3 minutes.?>?

Weekly training

The two experimental groups (EG1 and EG2) trained together
in a five-session per week program. A slagging session on
Mondays consisted of 20 minutes of jogging at 50% MAV
and coordination work. On Tuesdays, the two groups per-
formed technical-tactical exercises and coordination work. On
Wednesdays, they participated in a muscle strengthening ses-
sion and practice game to develop offensive and defensive skills.
On Thursdays, they participated in tactical practice games. On
Fridays, tactical sessions were held with exercises for agility and
speed. In addition to this program, EG1 had intermittent run
work (15-15) on Tuesdays and Thursdays. No training sessions
were held on a Saturday, and Sundays are match days.

Blood sampling and analysis

Venous blood was drawn by venipuncture into heparin-
ized tubes from fasting subjects at baseline and after 6 and
12 weeks. Blood samples were centrifuged at 2,000x g
for 20 minutes and plasma was kept frozen at —20°C until
analysis (within 6 months). Total cholesterol and high-density
lipoprotein (HDL) cholesterol and triglycerides were assessed
by the enzymatic colorimetric method on an Architect C8000
system (Abbott Laboratories, Abbott Park, IL, USA) using
the respective reagent kits. Low-density lipoprotein (LDL)
cholesterol was calculated using the Friedewald formula.?*

Statistical analysis

The statistical analysis was performed using Statistical
Package for the Social Sciences version 16.0 software
(SPSS Inc., Chicago, IL, USA). Values for continuous vari-
ables are expressed as the mean + standard deviation (SD).
The Kolmogorov-Smirnov test was applied to confirm
normality. Continuous variables were compared using the
paired-samples ¢-test in each group (EG1, EG2, or CG)
and the independent-samples #-test between the groups.

P<0.05 based on two-sided calculation was considered to
be statistically significant.

Results

Anthropometric characteristics

Twelve weeks of additional intermittent training (15-15) and
regular football training (EG2) did not induce a significant
variation in height. Weight and BMI decreased significantly
in both experimental groups, but did not change significantly
in the control group (Table 2).

MAV andVO,

Basal MAV and VO,  were significantly higher (2<<0.001)
in football players than in untrained subjects. Compared with
basal values (before training), the additional intermittent 15-15
training induced a significant improvement in MAV and
VO, after 6 weeks and further improvement after 12 weeks.
For EG2, the improvement was only detected after 12 weeks of
regular training. MAV and VO
both 6 and 12 weeks in the control group (Figure 1).

remained unchanged after

2max

Lipid profile

Basal plasma lipid concentrations did not differ significantly
between the three groups. The lipid profile showed non-
significant changes after 6 and 12 weeks of the training program
in all groups. After 12 weeks, plasma total cholesterol and LDL
cholesterol levels decreased by about 2% in EG1, remained
stable in EG2, and increased by about 3% in CG. In contrast,
HDL cholesterol levels increased in the training groups, more
clearly in the HIIT group, but remained unchanged in the
control group. Plasma triglycerides decreased by about 8% in
the HIIT group and by about 5% in the normal training group,
and increased by about 4% in the control group (Table 3 and

Figure 2).

Discussion
This study showed a significant increase in MAV and VO,
after 12 weeks in both experimental groups, which was more

Table 2 Morphological characteristics at inclusion (basal) and after 12 weeks in EGI, EG2, and CG

EGI (n=8) EG2 (n=8) CG (n=8)

Basal 12 weeks Basal 12 weeks Basal 12 weeks
Age (years) 22.5+1.77 22.4%1 .41 24.0£1.69
Weight (kg) 73.1£3.52 72.1£4.03* 73.317.94 72.4+7.90* 71.0£7.35 71.7+7.64
Height (m) 1.79+0.04 1.80+0.04 1.68+0.28 1.68+0.28 1.75+0.07 1.76+0.07
BMI (kg/m?) 22.8+1.71 22.4+].88* 23.0x1.38 22.7+1.42% 23.0£1.95 23.1£1.93
Notes: Data are expressed as the mean * standard deviation. ¥P<<0.05, significant difference before — after training in the same group.
Abbreviations: BMI, body mass index; EGI, intermittent training group; EG2, usual football training group; CG, control group.
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Figure | Maximal aerobic velocity and maximal oxygen uptake at inclusion (basal) and after 6 and 12 weeks of a training program in EG1, EG2, and CG. *P<<0.05; **P<<0.01;

##*P<0.001 (compared with respective basal value), and P<<0.05 (EG| versus EG2).

Abbreviations: MAV, maximal aerobic velocity; EGI, intermittent training group; EG2, usual football training group; CG, control group.

noticeable in the HIIT group. It also showed a non-significant
improvement in the lipid profile in both the HIIT and normal
training groups.

We found that aerobic capacity increased earlier (after
6 weeks), and more importantly, at 12 weeks in players
performing additional short-short HIIT compared with
those doing ordinary training. Our data suggest a beneficial
effect of intermittent training during the competitive phase
in soccer players.

Several studies have reported increased aerobic capac-
ity after intermittent exercise of short duration and high
intensity.?»*2% Daussin et al?>3° concluded that interval
training is more effective than continuous training in improv-
ing VO, in sedentary subjects, and it has suggested that
intermittent exercise is beneficial for soccer players.?2631:32
A high aerobic capacity allows soccer players to improve
their performance. Balsom et al*} suggests that an interval
training program allows players to limit their production of
lactic acid and to increase their use of creatine phosphate
during exercise. Finally, changes in aerobic capacity might
also be related to changes in body mass.**

Previous studies that tested the effect of training on
plasma lipids yielded conflicting data. Some studies
showed that physical training has no significant effect on
the lipid profile.'*'835 Kishali et al,”® in a study involving

subjects with different levels of physical training (20 male
elite athletes, 44 trained men and 51 trained women, and
51 sedentary women) found no significant difference in
plasma lipids between these groups. These authors reported
that HDL cholesterol was higher in females than in seden-
tary and trained males, and that LDL cholesterol was lower
in females (both sedentary and trained) than in males. They
concluded that changes in the lipid and lipoprotein profile are
more related to sex than to exercise. Other studies reported
that training results in significant changes in the lipid profile
in athletes'* as well as in untrained subjects who practice
continued or intermittent aerobic training.”*37-3

Discrepancies between previous findings could be
explained by several factors, such as study characteristics
(method of randomization, dropout information), subject
characteristics (race/ethnicity, taking of drugs that could
affect plasma lipids, smoking, alcohol consumption, diet,
previous physical activity), period of inclusion (prepara-
tive/competitive phase), training intensity (low/moderate/
high) and type (continuous or long/moderate/short inter-
mittent training), timing of post-exercise blood draw, and
environmental characteristics (eg, geography, season, and
climate).

Previous studies that have tested the effect of training on
plasma lipids have generally focused on untrained subjects

Table 3 Plasma lipids at inclusion (basal) and after 6 and 12 weeks in EGI, EG2, and CG

EGI (n=8) EG2 (n=8) CG (n=8)

Basal 6 weeks 12 weeks Basal 6 weeks 12 weeks Basal 6 weeks 12 weeks
TC (mg/dL) 161£15 158£16 15816 145+27 144127 144 £26 149+27 150431 152+33
TG (mg/dL) 86123 85423 79+19 86131 88+27 79+24 78%15 78+18 8ltl6
LDL-C (mg/dL) 105+13 103+16 103116 89+24 89425 90+24 96123 99+27 100£28
HDL-C (mg/dL) 3846.0 38+7.0 39+8.0 38+9.0 38+9.0 38+8.0 3748.0 3617.0 3618.0

Note: Data are expressed as the mean * standard deviation.

Abbreviations: TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; EGI, intermittent training

group; EG2, usual football training group; CG, control group.
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Figure 2 Changes in plasma total, LDL, and HDL cholesterol, and triglyceride (in percentage) levels at 6 and |12 weeks of the training program in experimental group | (EG1),

experimental group 2 (EG2), and a control group (CG).
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.

and have often included continuous or long-long intermit-
tent training programs. The present study used a short-short
intermittent training program during the competitive phase in
soccer players. It showed a superior improvement of the lipid
profile in the HIIT group when compared with a normally
training group and a control group. Although these changes
are not statistically significant, their health benefit would
be important. Indeed, a 1% decrease in total cholesterol
or LDL cholesterol levels may reduce the risk of coronary
artery disease by 2%.%%*! Further, a 1% decrease in HDL
cholesterol has been associated with a 2%-3% increase in
coronary heart disease.*

The present study has some limitations. First, the inter-
vention program was of short duration. Second, the relatively
small number of participants may have underpowered the
study, although significant and interesting results were
shown for aerobic capacity. Finally, the effect of external
factors, such as dietary intake and energy expenditure, as
well as alcohol consumption, may have affected the lipid
profile.* These factors should be controlled for in future
studies. Overall, our findings suggest that 12 weeks of short-
short HIIT has a beneficial effect on aerobic capacity. It also
induces small changes in the lipid profile that, despite not
being statistically significant, would have favorable effects
on cardiovascular health.

Disclosure
The authors report no conflicts of interest in this work.
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