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Background and Purpose: The increasing rates of adolescent overweight and obesity are 
adversely impacting their physical performance. Also, high-intensity interval training (HIIT) and 
high-intensity functional training (HIFT) are popular methods to improve functional capacity and 
weight management. Therefore, this study aimed to assess the effects of six weeks of HIFT versus 
HIIT protocols on anthropometric measures and functional capacity of overweight and obese 
adolescent boys.

Materials and Methods: In this randomized controlled trial, 30 adolescent boys aged 13-15 years, 
classified as overweight or obese (body mass index (BMI) >25 kg/m2), were randomly and equally 
assigned to three groups: Control, HIIT, and HIFT. Physical fitness indices (agility and VO2max), functional 
movement screen (FMS), and anthropometric measures (weight, BMI, and waist-to-hip ratio (WHR)), 
were assessed. The experimental groups followed either the HIIT or HIFT protocols for six weeks. To 
analyze the data, a 2 (time) x3 (group) mixed-model of repeated measures ANOVA was used.

Results: The demographic characteristics of study population included age =13.93±0.82 (years), 
weight=88.86±13.07 (kg), and BMI=29.6±2.36 (kg/m2). Data showed that there were no significant 
differences between groups for age (P=0.256), height (P=0.218), weight (P=0.308), and BMI 
(P=0.592) at baseline. The results indicated that both HIIT and HIFT protocols had a significant effect 
on physical fitness indices, FMS, and BMI (all, P≤0.05). However, the HIFT protocol demonstrated 
a greater effect compared to HIIT and was significant in all variables (except agility) compared to 
the control group (P≤0.05). Despite the lack of a significant difference in post-test weight, the HIFT 
protocol showed a significant difference compared to the control group (P≤0.05).

Conclusion: Six weeks of HIIT and HIFT protocols improved the functional capacity and BMI of 
overweight and obese adolescents. However, it appears that the HIFT protocol has a greater effect on 
the functional capacity, possibly due to the improved muscle strength, endurance, and weight loss.
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Introduction

besity and overweight have been shown 
to have physiological consequences, such 
as an increased risk of cardiovascular 
diseases, type 2 diabetes, metabolic syn-
drome, cancer, hypertension, and dyslip-

idemia [1-4], as well as psychological effects, including 
the onset of mental health issues, like insomnia, depres-
sion, decreased self-esteem, and anxiety [5]. Addition-
ally, obesity can impact physical parameters, such as 
motor performance motor coordination, and increase 
the risk of injuries, as these parameters are directly re-
lated to regular physical activity and body composition 
in children and adolescents [6, 7]. Zhu et al. indicated 
that overweight or obese children exhibit poorer gen-
eral motor coordination in weight-bearing tasks and 
tend to be less active compared to their normal-weight 
peers. They also have weaker motor skills, such as jump-
ing, running, and balance compared to normal-weight 
children [8].

Physical activity is a crucial factor in reducing over-
weight and obesity, serving as one of the most benefi-
cial tools for the prevention and treatment of obesity 
and its related consequences [9]. While most training 
guidelines recommended for weight loss focus on con-
tinuous exercise, the uniformity of this method appears 
to be a barrier to breaking inactive lifestyles. Therefore, 
alternative training methods, such as interval training 
have shown better results than continuous exercise in 
obese individuals [10]. Moreover, some more favorable 
changes, such as improved maximal oxygen uptake, 
blood glucose levels, insulin resistance index, insulin lev-
els, hemoglobin A1c, body mass, and body mass index 
(BMI), can be achieved through this training approach in 
obese patients [10, 11]. 

High-intensity interval training (HIIT), which is also 
referred to as HIIT-R, due to its design being based on 
running exercises, is increasingly considered an effec-
tive and time-efficient strategy for enhancing endur-
ance performance [12]. HIIT is widely used in athletic 
populations to enhance the efficiency of various energy 
systems and improve overall athletic performance [13, 
14]. Generally, HIIT-R is defined as repeated periods of 
high-intensity exercise performed at or near maximal 
intensity, typically above 80% of the maximal heart rate. 
Many HIIT-R protocols are classified as “low volume,” 
lasting less than or equal to 30 minutes per session [15]. 
In contrast, high-intensity functional training (HIFT) uti-
lizes various training methods, including mono-structur-
al aerobic activities (running and rowing), bodyweight 

movements (squats, push-ups, etc.), and subsets of 
weightlifting exercises (snatches, deadlifts, and shoul-
der presses) [16]. Unlike HIIT-R, which tends to focus 
on single training methods (such as running), HIFT em-
phasizes functional, multi-joint movements, affecting 
both aerobic and anaerobic energy pathways, and can 
be adapted to any fitness level. Through aerobic and 
resistance training, HIFT engages more muscle groups 
[17-20] and may positively affect blood glucose levels in 
individuals with type 2 diabetes [21, 22].

Research has evaluated the effects of HIFT on numer-
ous health indicators. For example, Feito et al. reported 
a significant reduction in body fat percent (6.5%) after 
16 weeks of HIFT among a group of healthy adults [17]. 
Heinrich et al. found that HIFT is an effective strategy for 
maintaining adherence to and enjoyment of physical ac-
tivity among inactive adults [23]. Overall, HIFT appears to 
be a potentially useful strategy for reducing obesity and 
potentially mitigating the spread of type 2 diabetes [20]. 

Considering the importance of weight loss in over-
weight and obese individuals, the choice of training 
method is crucial, as it not only affects weight loss but 
also influences the participation rate of adolescents 
in physical activities. Given that HIFT is a practical and 
suitable training method for overweight and obese ad-
olescents, it appears that this type of training, with its 
high variety of movements, may have a greater impact 
on the mentioned variables in overweight and obese 
adolescents. Moreover, research comparing HIFT and 
HIIT-R, particularly in younger age groups, is very lim-
ited. The aim of the present study was to investigate 
and compare the effects of six weeks of HIFT and HIIT-R 
protocols on anthropometric measures and functional 
capacity in overweight/obese adolescents.

Materials and Methods

Participants

In this randomized controlled trial, 30 overweight and 
obese adolescents aged 13 to 15 years, classified based 
on the World Health Organization (WHO)’s BMI criteria, 
voluntarily participated. Considering the researcher’s 
position and in order to have more control over the 
study process, Shahid Beheshti School in Khorramabad 
was selected as the statistical population. The sample 
size was determined using G*Power software, version 
3.1.9 (Heinrich Heine University, Düsseldorf, Germany) 
for repeated measures ANOVA with an effect size of 
0.28, alpha=0.05, and power=0.80. Participants were 
randomly assigned to three equal groups: Control, HIIT-
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R, and HIFT. In this study, the number of samples, exer-
cise training protocol, and study duration were differ-
ent from those in other studies. In addition, despite the 
presence of a control group, the selection of samples 
and their assignment to each group was done randomly 
by a non-researcher. After being informed about the 
study procedures, the participants signed written con-
sent forms. 

Inclusion criteria included being aged 13 to 15 years, 
having a BMI over 25, being in good physical health 
with no musculoskeletal issues, no history of fractures, 
and no traumatic or orthopedic problems. Additionally, 
participants had not engaged in any regular physical ex-
ercise for two months before the start of the training 
protocol. The health status of participants was verified 
through self-reported medical history and a brief physi-
cal examination conducted by a qualified researcher.

Measurements

Physical fitness assessment

Agility: The agility t-test was used to measure the agil-
ity of the subjects. Three cones were placed five meters 
apart in a straight line, with a fourth cone positioned 
ten meters away from the middle cone, forming a “T” 
shape. The athlete began at the cone at the base of the 
“T” and sprinted to the middle cone, touching it. Then, 
the athlete ran five meters to the left cone and touched 
it. Next, the athlete ran ten meters to the right cone and 
touched it. The athlete then shuffled five meters back 
to the middle cone and touched it before finally sprint-
ing ten meters backward to the starting cone. The time 
was recorded as soon as the athlete touched the start-
ing cone [24]. 

Maximum aerobic capacity: The Cooper VO2max test 
was used to measure the maximum aerobic capacity of 
the subjects. In this test, athletes are required to cover a 
distance of 2.4 km (6 laps of a 400-meter track) at their 
maximum possible speed, and their time record is re-
corded. Based on published equations, the aerobic ca-
pacity of athletes is then calculated [24].

Functional assessment

Functional movement screen (FMS): FMS, as one of 
the most popular screening systems in the field of sports 
physiotherapy, consists of seven tests focusing on differ-
ent areas of the musculoskeletal system. It systematical-
ly identifies movement restrictions or weaknesses [25]. 
The seven tests include deep squat, hurdle step, in-line 

lunge, shoulder mobility, active straight leg raise, trunk 
stability push-up, and rotary stability [26]. Scoring in this 
screening is done on a scale from zero to three for each 
test, ranging from pain occurrence to full execution [25]. 

Anthropometric measurement

Anthropometric measurements, including waist cir-
cumference, hip circumference, height, weight, and BMI 
were taken according to the international standards for 
anthropometric assessment [27]. 

Training protocol

HIIT-R group

Participants in the HIIT-R group completed four sets 
of four-minute running sessions at 90 to 95% of their 
maximum heart rate, followed by three minutes of ac-
tive recovery at 60 to 70% of their maximum heart rate 
[28] for six weeks. 

HIFT group

In the HIFT group, participants underwent HIFT train-
ing, consisting of six stations: Elliptical, battle rope, agil-
ity ladder drills, kettlebell swings, burpees, and multi-
jumps with hurdle training. Each station involved 30 
seconds of high-intensity training, followed by a 15-sec-
ond rest period between stations. A 3-minute rest inter-
val was given between each set [29]. Participants in the 
HIFT group followed the training protocol twice in the 
first two weeks, three times in the second two weeks, 
and four times in the third two weeks [29]. Both experi-
mental groups performed their respective training un-
der the supervision of the researcher for six weeks. 

Statistical analysis

The number of participants was estimated by G*Power 
analysis software, version 3.1. Based on α=0.05, and a 
power (1−β) of 0.80, the sample size needed to detect 
significant changes in the blood factors between groups 
was at least 30 participants (n=10 for each group). The 
normality of data and homogeneity of variance were 
assessed using the Shapiro-Wilk and Leven’s tests, re-
spectively. After achieving the pre-hypothesis, the re-
peated measures ANOVA test was used to examine be-
tween-group differences following the 6-week training 
program. Paired t-tests were employed to compare the 
changes in each group (pre-test to post-test). All analy-
ses were performed using SPSS software, version 21. 
Statistical significance was accepted if P≤0.05. 
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Results

The demographic characteristics of the participants are 
presented in Table 1. There was no significant difference 
between the groups in age (P=0.256), height (P=0.218), 
weight (P=0.308) and BMI (P=0.592) at baseline. 

Physical fitness variables

Repeated measurement test with 2-time levels (before 
and after training) and three groups (control, HIIT-R, and 
HIFT) was used for statistical evaluation. The effect of 
time was significant for agility (P=0.003). A pairwise 
comparison of the pre-test and post-test results for the 
groups indicated that both the HIIT-R and HIFT groups 
were able to reduce their agility values in the post-test 
compared to the pre-test (P<0.01 for both). However, 
both the group effect (P=0.966) and the time×group 
interaction effect (P=0.630) were not significant. These 
results show that, despite having a significant effect 
within the groups, these two types of training could not 
produce a significant effect on agility when compared to 
the control group.

The effect of time was significant for VO2max 
(P=0.0001). The pairwise comparison of the pre-test 
and post-test results for the groups indicated that both 
the HIIT-R and HIFT groups were able to reduce their VO-

2max results in the post-test compared to the pre-test 
(P<0.05 for HIIT-R; P<0.001 for HIFT). While there was 
no significant group effect (P=0.294), the time×group 
interaction effect was significant (P=0.002). Comparing 
these three groups shows that both types of HIFT and 
HIIT-R training, in comparison to the control group, were 
able to reduce the VO2max test results in the post-test, 
and HIFT training had a greater effect than HIIT-R train-
ing (Table 2). 

Functional variable

The effect of time was significant for FMS (P=0.0001). 
A pairwise comparison of the pre-test and post-test 
results indicated that both the HIIT-R and HIFT groups 
were able to increase their FMS values in the post-test 
compared to the pre-test (P<0.05 for HIIT-R; P<0.001 
for HIFT). While there was no significant group effect 
(P=0.127), the time×group interaction effect was signifi-
cant (P=0.0001). Therefore, both HIFT and HIIT-R were 
able to improve FMS values in the post-test, and this 
improvement was greater in the HIFT group than in the 
HIIT-R group (Table 2). 

Anthropometric measures

The results of the repeated measures test for weight 
showed that the effect of time was not significant 
(P=0.574). Also, there was no significant group effect 
(P=0.196). However, the time×group interaction effect 
was significant (P=0.006), which, when comparing these 
three groups, shows that HIFT training was able to re-
duce weight values in the post-test compared to the 
control group. 

For BMI, the effect of time was significant (P=0.0001). 
A pairwise comparison of the pre-test and post-test re-
sults for the groups showed that both the HIIT-R and 
HIFT groups were able to reduce BMI compared to the 
pre-test (P<0.01 for all). While there was no significant 
group effect (P=0.263), the time×group interaction ef-
fect was significant (P=0.0001), which, when compar-
ing these three groups, shows that both types of HIFT 
and HIIT-R training were able to reduce BMI values in 
the post-test compared to the control group (Table 2). 

For WHR, both the time effect (P=0.138) and 
time×group interaction effect (P=0.314) were not sig-
nificant. Therefore, the two training protocols did not 
affect this variable (Table 2). 

Table 1. Demographic characteristics of participants in the control, HIIT-R, and HIFT groups

P (ANOVA)HIFTHIIT-RControlVariables

0.25613.4±0.8214.1±0.8714.3±0.82Age (y)

0.218168.7±11.76174.2±9.12175.6±5.25Height (cm)

0.30884.2±14.689.1±14.7693.3±8.59Weight (kg)

0.59229.42±2.5629.17±2.5130.23±2.11BMI (kg/m2)
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Discussion

The results of the present study showed that both 
HIIT-R and HIFT protocols significantly impacted physi-
cal fitness indices (agility and VO2max); however, only 
the effect on VO2max was significant compared to the 
control group. Nevertheless, HIFT training had a greater 
impact on physical fitness indices compared to HIIT-R. 
Both training modalities were effective in improving 
functional performance and BMI. The HIFT protocol 
demonstrated a greater effect on functional and anthro-
pometric indices than HIIT-R. Moreover, a significant dif-
ference in weight was observed only in the HIFT group 
compared to the control group.

HIIT-R is widely used, but despite its benefits, it may 
not always be practical due to limited facilities, low vari-
ety, and high difficulty, which can affect adherence [30]. 

Studies show that HIIT-R training effectively enhances 
aerobic and anaerobic capacity. For example, an eight-
week HIIT-R program at 80% maximum heart rate, with 
a work-to-rest ratio of 0.8 (60 seconds of activity and 
75 seconds of rest), and lasting 23 minutes per session, 
resulted in increased VO2max, significant reductions in 
BMI and diastolic blood pressure, and no change in fast-
ing blood glucose levels [31]. Nourry et al. examined an 
eight-week HIIT-R program at 80% of maximum aerobic 
speed, with equal work-to-rest ratios, 10-20 seconds of 
rest, and 30 minutes per session. They found significant 
improvements in forced vital capacity, VO2max, and peak 
power, with no effect on maximum heart rate or body 
fat percentage [32]. Gamelin et al. studied a seven-week 
HIIT-R program at 100-190% maximal aerobic velocity 
(MAV), with work-to-rest ratios ranging from 0.3 to 1.5 
(5-30 seconds of activity, 15-30 seconds of rest, for 30 
minutes per session). They observed significant changes 
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Table 2. Mean values and repeated measures test results of variables 

PMean±SD
GroupItems Interaction Effect 

(Time×Group) Time effect Paired 
t-testPost-testPre-test

P=0.630;
 η2=0.034

P=0.003; 
η2=0.285

0.4415.32±1.5615.89±2.72Control

Agility 
(second)

Ph
ys

ica
l fi

tn
es

s 0.0114.98±1.2815.9±1.51HIIT-R

0.0114.95±1.2916.19±1.2HIFT

P=0.002;
η2=0.379

P=0.0001; 
η2=0.637

0.3718.81±3.3619.03±3.4Control

VO2max
(minute) 0.0517.76±0.7818.89±1.51HIIT-R

0.0016.55±1.4618.19±1.35HIFT

P=0.0001; 
η2=0.521

P=0.0001; 
η2=0.681

0.3412.6±1.7712.5±1.84Control

FMSFunctional 0.0513±1.0512.2±1.31HIIT-R

0.0014.4±0.6912.9±0.99HIFT

P=0.314; 
 η2=0.082

P=0.138; 
η2=0.08

0.320.91±0.040.9±0.04Control

WHR

An
th

ro
po

m
et

ric

0.050.95±0.060.93±0.05HIIT-R

0.870.91±0.050.91±0.04HIFT

P=0.006; 
η2=0.317

P=0.574; 
η2=0.012

0.4794.1±9.3993.3±8.59Control

Weight (kg) 0.7788.1±14.4289.1±14.76HIIT-R

0.2282.7±14.4184.2±14.6HIFT

P=0.0001;
η2=0.531

P=0.0001; 
η2=0.767

0.4730.04±2.1430.23±2.11Control

BMI (kg/m2) 0.0027.85±2.6529.17±2.51HIIT-R

0.0027.83±2.5929.42 ±2.56HIFT

HIIT-R: High-intensity interval training; HIFT: High-intensity functional training.
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in body mass, VO2max, and MAV [33]. Bauer et al. em-
phasized the importance of improving cardiorespiratory 
fitness to reduce cardiovascular risk in children and ado-
lescents [31, 34], as well as cardiometabolic risk in ado-
lescents [35]. Compared to other forms of training, such 
as low to moderate-intensity running or walking, both in-
school and out-of-school, HIIT-R led to greater improve-
ments in cardiovascular indicators and biomarkers of 
cardiovascular diseases in children and adolescents [36]. 
Therefore, the positive effects of HIIT-R on physical fit-
ness and body composition is well-documented, which 
is consistent with the findings of the present study. 

In contrast, HIFT has gained great popularity, even 
among individuals with chronic conditions, due to its 
varied and functional nature and metabolic benefits [23, 
37, 38]. The research comparing HIIT-R and HIFT pro-
tocols is limited, highlighting the importance of under-
standing the effectiveness of these two training meth-
ods. A review of the literature shows that both HIIT-R 
and HIFT, conducted for 12 weeks, positively impact 
body composition and aerobic fitness in female students 
(average age: 20.45 years, BMI: 22.15 kg/m2). HIIT-R in-
volved 30 seconds of activity followed by 30 seconds of 
rest (1:1 ratio), while HIFT involved a 2:1 work-to-rest 
ratio. Both training types significantly improved VO2max 
and body fat percentage, with HIFT also enhancing mus-
cular performance (sit-ups and jumps). Neither training 
type had a significant effect on the waist-to-hip ratio 
(WHR) or BMI [39]. Therefore, it is concluded that HIFT 
is as effective as HIIT-R in improving body composition 
and aerobic fitness, with additional benefits for muscu-
lar performance. Gavanda et al. investigated the effects 
of a six-week HIFT program compared to strength train-
ing and endurance training on strength and endurance 
performance in adolescents (average age: 17 years). 
The HIFT group showed significant improvements in 
all performance tests (countermovement jump (CMJ), 
20-m sprint (20 m), 3-repetition maximum back squat 
(3RM), and Yo-Yo test), while the strength training (CMJ, 
3RM, and Yo-Yo test) and endurance training (CMJ, 20 
m, and Yo-Yo test) groups showed significant improve-
ments in only three performance variables [40]. In a 
study focused on overweight individuals, Cao et al. com-
pared the effects of HIIT-R and HIFT on body composi-
tion, cardiorespiratory fitness, and muscular fitness in 
young adults (average age: 22.34 years, BMI: 25.43 kg/
m2). The 12-week program included 4 sets of 30 seconds 
of activity and rest, progressing from 100% of maximal 
aerobic speed (MAS) in weeks 1-4 to 120% of MAS in 
weeks 9-12. Both training modalities led to significant 
improvements in muscle strength (long jump, push-ups, 

handgrip strength, and back strength), cardiorespiratory 
fitness (20-meter shuttle run, MAS, and VO2max), and 
body composition (lean mass, body fat percentage, and 
visceral fat area). However, HIFT had a more substantial 
positive impact on muscular fitness, likely due to greater 
increases in lean mass [38]. 

Comparatively, HIFT’s greater impact on physical fit-
ness variables (agility and VO2max) may be due to the 
improved muscle strength and endurance, as well as 
increased lean body mass, which HIIT-R lacks due to 
the absence of resistance training [38-41]. Also, HIFT’s 
benefits for VO2max have been previously documented 
[29]. For FMS, the similarity in movement patterns be-
tween HIFT training and the FMS test likely contributes 
to its effectiveness. Given the lack of impact of these 
training protocols on WHR and their minimal effect on 
weight, further studies are needed to understand the 
reasons behind their influence on BMI. 

One of the main limitations of this study is the rela-
tively small sample size, which may affect the statistical 
power and generalizability of the findings. Additionally, 
the absence of long-term follow-up prevents the evalu-
ation of the sustainability of training effects. The lack 
of dietary control may have influenced anthropomet-
ric and functional outcomes. Future research should 
consider measuring lean body mass alongside body fat 
percentage in a laboratory setting, implementing di-
etary monitoring, and conducting long-term follow-ups. 
Moreover, clinical trials with larger and more diverse 
populations are recommended to strengthen the valid-
ity and applicability of the results. 

Conclusion

The six-week HIFT training significantly enhanced 
physical fitness indices (agility and VO2max), FMS, and 
BMI in overweight and obese adolescents. Moreover, 
HIFT training can serve as a suitable alternative to HIIT-
R workouts, demonstrating even greater effects on VO-

2max and potentially promoting muscle mass, strength, 
and endurance, thereby addressing key challenges 
faced by overweight and obese adolescents. 
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