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High-intensity interval training is not superior to continuous aerobic 
training in reducing body fat: A systematic review and meta-analysis of 
randomized clinical trials 
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A B S T R A C T   

Background/Objective: Guidelines on obesity management reinforce regular exercise to reduce body fat. Exercise 
modalities, including high-intensity interval training (HIIT), appear to produce a similar effect to continuous 
aerobic training (CAT) on body fat. However, they have not addressed the chronic effect of HIIT vs. CAT on body 
fat assessed by dual energy X-ray absorptiometry (DEXA). Thus, we compared the effectiveness of CAT vs. HIIT 
protocols on body fat (absolute or relative) (%BF) and abdominal visceral fat reduction, assessed by DEXA, in 
adults with overweight and obesity. 
Methods: We conducted a systematic review and meta-analysis of randomized clinical trials (RCTs) including 
both female or male adults with excess body weight. We performed searches in the databases MEDLINE 
(PubMed), EMBASE, Scopus, LILACS, Web of Science and Cochrane. 
Results: In our analysis (11 RCTs), we found no greater benefit on %BF of HIIT vs. CAT (MD –0.55%, 95% CI 
–1.42 to 0.31; p = 0.209). As for abdominal visceral fat, no training modality was superior (SMD: − 0.05, 95% CI 
–0.29 to 0.19; p = 0.997). Regarding secondary outcomes (body weight, BMI, VO2 max, glycemic and lipid 
profiles), HIIT shows greater benefit than CAT in increasing VO2 max and fasting blood glucose and reducing 
total cholesterol. 
Conclusion: HIIT is not superior to CAT in reducing %BF or abdominal visceral fat in individuals characterized by 
excess weight. However, HIIT showed beneficial effects on cardiorespiratory fitness, total cholesterol and fasting 
blood glucose when compared to CAT.   

1. Introduction 

Obesity is defined as excessive accumulation of body fat1 that is 
strongly associated with several harmful health conditions2 such as in-
sulin resistance, type 2 diabetes mellitus, dyslipidemia, atherosclerosis, 
systemic arterial hypertension, acute myocardial infarction, stroke, 
among others.3,4 In Brazil, it has been estimated in 2021 that excess 
weight affected 57.2% of the population and the obesity prevalence was 
22.4%.5 

Excess body fat—body and/or abdominal visceral fat assessed as 
total mass or percentage—is a major health concern as people engage in 
sedentary lifestyles. There is no consensus on the gold standard for body 
composition. However, dual energy X-ray absorptiometry (DEXA) 

provides accurate measures of bone mineral content, body fat mass, lean 
mass and visceral fat in limb or whole-body assessments.6 It is thus 
currently the reference method for body composition assessment and is 
used to validate predictive equations for doubly indirect methods.7–10 

Several research studies have investigated the relationship between 
exercise training and weight reduction in individuals with obesity.11,12 

Traditional aerobic exercises involving continuous aerobic training 
(CAT, moderate-intensity exercise ranges between 40% and 60–65% of 
maximal VO2 max) and/or resistance exercise can have beneficial effects 
and improve body composition by reducing body fat mass and 
increasing lean mass.13,14 However, other exercise modalities, including 
high-intensity interval training (HIIT), appear to produce at least similar 
beneficial effects on body composition as traditional aerobic exercises.15 
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There is no universal definition of HIIT. Typically, it is characterized by 
short bursts of high-intensity activity interspersed by periods of (active 
or passive) rest with the advantage of a shorter time frame and total 
session duration over CAT. The American College of Sports Medicine 
states that for high-intensity exercise is above 65% of maximal VO2 
max.14 However, intensity below 80% of maximal VO2 max, we should 
not consider generally this as high-intensity training.16 

HIIT mostly involves greater energy expenditure than CAT (of 
moderate intensity and volume). It is thus logical to believe that greater 
energy expenditure would result in greater reduction of body fat. This is 
further supported by a greater effect of HIIT on VO2 max17 as well as the 
effect of excess post-exercise oxygen consumption (EPOC)18 compared 
to CAT. These adaptations would be associated with fatty acid oxidation, 
thereby contributing to body fat reduction. 

Some evidence suggests that HIIT offers significant benefits in 
reducing body fat,19–21 but other studies have not shown these same 
benefits.22–25 A number of meta-analyses have aimed to further examine 
these effects, but they involved different populations26,27 or different 
body composition assessment methods27,28 as well as other factors that 
may affect the results. 

Given that DEXA is currently the reference method of body compo-
sition assessment7–10 and that there are only two studies relevant to our 
research question, the present systematic review aimed to compare the 
effectiveness of HIIT and moderate-intensity CAT in improving body fat 
(BF) and abdominal visceral fat measurements in adults with excess 
weight (overweight and obesity) assessed by DEXA. As secondary out-
comes, we compared biochemical markers of the two interventions. The 
hypothesis of this study was that HIIT is superior to CAT in improving 
body fat (absolute and relative) and abdominal visceral fat). 

2. Methods 

2.1. Study protocol and registration 

We conducted this systematic review following the recommenda-
tions of the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA)29 and Cochrane Handbook for Systematic Reviews 
of Interventions.30 This review was registered in the International Pro-
spective Register of Systematic Reviews (PROSPERO) (“https://www. 
crd.york.ac.uk/prospero/#searchadvanced”, ID “CRD42022357195”; 
Date of first submission: August 31, 2022; Date of registration in 
PROSPERO: 11 September 2022). Fig. 1 shows the flowchart of the 
study. We performed database searches until October 12, 2022. The 
database used in this systematic review is available on Mendeley Data 
repository (“https://data.mendeley.com/datasets/67mwfxtmzv”, 
https://doi.org/10.17632/67mwfxtmzv.3). 

2.2. Eligibility criteria 

For consistency in the terminology and considering that reduction of 
both subcutaneous and visceral fat induces weight loss,31,32 we chose to 
use “abdominal visceral fat” as a general term to refer to fat in the 
abdominal cavity. 

We used PICOS framework to develop our search strategies, as fol-
lows: Population – adults ≥18 years of age with excess weight (BMI 
≥25.0 kg/m2);5 Intervention – HIIT and CAT; Comparison – HIIT at 
85–120% of HRmax, HRR or VO2 max14 compared to moderate-intensity 
CAT (60–75% HRmax or 50–65% HRR or VO2 max); Outcome – % BF and 
abdominal fat (abdominal visceral fat) assessed by DEXA; Study – 

Fig. 1. Flowchart of the study.  
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randomized controlled trial (RCT). 

2.3. Search strategy 

Two reviewers (AMK and JBM) conducted all searches and the se-
lection of studies eligible for this systematic review as described in the 
Cochrane Handbook for Systematic Reviews of Interventions.30 They 
independently read titles and abstracts for the selection and review of 
studies. Searches were conducted in the electronic databases MEDLINE 
(PubMed), EMBASE, Scopus, LILACS (Latin America and the Caribbean 
Health Sciences Literature/VHL – Virtual Health Library), Web of Sci-
ence and Cochrane. When the abstract did not contain enough infor-
mation, full-text articles were examined. Additional searches were 
undertaken in the Brazilian Clinical Trials Registry (ReBEC), Clinical 
Trial.gov and the World Health Organization (WHO) International 
Clinical Trials Registry Platform (ICTRP) for unpublished studies in 
order to minimize potential publication bias or distortions in the results. 

Any disagreements were resolved through a consensus discussion 
and, if necessary, by a third reviewer (AML). When reviewers encoun-
tered restrictions on access to full-text articles, the authors were con-
tacted by e-mail. Articles in Portuguese, English and Spanish with no 
date of publication limits were eligible for inclusion in our review. 

The main key terms used in our search strategy were “obesity,” 
“overweight,” “exercise,” “high-intensity interval training” and “body 
fat”. To increase the accuracy and sensitivity of our search, the terms for 
RCTs in the MEDLINE33 and EMBASE34 databases were added to the 
search terms. The complete search strategy is detailed in Chart 1S. 

2.4. Inclusion and exclusion criteria 

Our searches were exported into EndNote X9 and screened against 
the inclusion and exclusion criteria. All studies were independently 
rated by two reviewers (AMK and JBM). Those that met the following 
criteria were included in the review: sample of female or male adults 
(≥18 years old); study population with excess body weight (overweight 
or obesity; BMI ≥25 kg/m2). It should be stressed that the studies were 
labeled based on BMI classifications of overweight or obesity provided 
by the authors,5 and randomized controlled design comparing HIIT with 
CAT. Studies evaluating other exercise interventions with well-defined 
independent HIIT or CAT groups were fully reviewed to ascertain their 
eligibility. Furthermore, there were excluded studies involving animals 
and children/adolescents, dietary interventions, and duplicates. 

2.5. Data extraction and management 

The primary outcome was changes in body fat (absolute and relative) 
and abdominal visceral fat. We assessed the following parameters as 
secondary outcomes due to their association with cardiometabolic risk: 
body weight (kg); BMI (kg/m2); VO2 max (mL/kg/min); fasting blood 
glucose (mg/dL or mmol/L); total cholesterol (mg/dL or mmol/L); and 
triglycerides (mg/dL or mmol/L). Fasting blood glucose, lipid profile 
and VO2 max are associated with adiposity and may change in response 
to exercise training. 

Three blinded reviewers (AMK, GW, and AML) independently 
extracted and compiled data into a spreadsheet in Office Excel 2010. The 
three data spreadsheets were compared and any disagreements were 
resolved through consensus. We extracted data from pre- and post- 
intervention means in each group (HIIT or CAT), and estimated mea-
sures of dispersion (standard error, standard deviation [SD] and 95% 
confidence interval) as well as mean differences (Δ = post- – pre- 
training). We also extracted training-related data including weekly ex-
ercise frequency, exercise intensity, session duration and sample 
characterization. 

2.6. Risk of bias and quality of evidence 

Two reviewers (AMK and PCO) independently assessed the risk of 
bias of individual studies using Cochrane Risk of Bias 2 (RoB 2) tool 
(www.riskofbias.info/) according to guidance provided in the Cochrane 
Handbook.30 The risk of bias assessment is based on a set of six domains 
of bias and judgement: randomization process, deviations from the 
intervention (allocation sequence concealment), outcome data, outcome 
assessment, selection of the reported result, and selective outcome 
reporting. 

Based on that, studies were classified as low risk of bias (in all do-
mains for this result); some concerns of bias (in at least one domain for 
this outcome, but not at high risk of bias in any domain); or high risk of 
bias (in at least one domain for this outcome, or the study was judged at 
some concerns for several domains in a way that significantly reduces 
confidence in the outcome). Since it is not feasible to blind participants 
to exercise interventions, all studies were classified as high risk of bias in 
the domain “blinding of participants and personnel.” No study was 
excluded based on the risk of bias assessment. It should be pointed out 
that the risk of bias was assessed for the primary outcomes of interest. 

We evaluated the quality of evidence (strength of recommendations) 
using GRADE tool (“www.gradeworkinggroup.org/”). This tool clas-
sifies the quality of evidence into four levels (high, moderate, low and 
very low) based on the assessment of confidence in specific estimates in 
five domains: methodological limitations (risk of bias); inconsistency 
(heterogeneity); indirectness of evidence; imprecision; and publication 
bias.30,35 

2.7. Statistical analysis 

We performed analyses to compare the effects of HIIT and CAT on % 
BF and abdominal visceral fat. Effect measures of % BF were presented 
as mean differences (MDs) between HIIT vs. CAT groups (Δ % BF to HIIT 
vs. Δ % BF to CAT) and their related 95% confidence intervals (95% CIs) 
using the inverse variance method. Since abdominal visceral fat mea-
surements were reported in different units (cm3, % or kg), standardized 
mean differences (SMDs) and related 95% CIs were used as they express 
the size of the intervention effect in each study relative to the variability 
observed. The results (MDs or SMDs) were pooled using a random- 
effects model. Taking into consideration that the confidence interval 
from a random-effects analysis describes uncertainty in the location of 
the mean of systematically different effects in the different studies and to 
ensure that the results are interpreted correctly, we considered the 95% 
prediction interval (95% PI) because it expresses the interval of uncer-
tainty of the possible effect in a new RCT.36 

For interpreting secondary data expressed as SMD we used Cohen’s 
(1988) effect size classified as small (0.2), moderate (0.5) and large ef-
fect size (0.8).37 To assess heterogeneity, we used Higgins inconsistency 
test (I2) (0%–40%, might not be important; 30%–60%, may represent 
moderate heterogeneity; 50%–90%, may represent substantial hetero-
geneity; and 75%–100%, considerable heterogeneity).30,38 We tested 
heterogeneity (p < 0.05) using subgroup analyses or meta-regression for 
effect modifiers with normal distribution in a quartile-quartile plot 
(qq-plot) confirmed by the Shapiro-Wilk test.39 In addition, to detect and 
remove discrepant data from the meta-analysis, forest plots were con-
structed to visualize the effect estimate of individual studies and allow to 
detect outliers based on non-CI overlapping that is due to heterogene-
ity.39 We performed sensitivity analysis by including or excluding one 
study each time.39 Potential effect modifiers such as age, baseline BMI 
and total exercise sessions (weekly frequency x total duration of the 
intervention) were analyzed separately. If applicable (≥10 studies), we 
performed the Egger’s test using a funnel plot to assess publication bias. 
To avoid a unit-of-analysis error for RCTs with multiple treatment arms 
and a single control group, the sample size for the control group was 
weighed by the number of groups and participants treated.40 When SD of 
differences (post-minus pre-intervention) was not available in an 
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eligible study, SDs were calculated at each time point (pre- and 
post-intervention) using an imputed correlation coefficient of 0.5:30,41 

ΔSD = √ SD2 baseline + SD2 final – (2 * 0,5 * SD baseline * SD final). The 
measures of dispersion expressed as CIs or standard errors were con-
verted into standard deviations (SDs = EP * √n) prior to the analysis. 

All statistical tests were two-tailed and the significance level was set 
at p < 0.05. All measures of dispersion presented as CIs or standard 
errors were converted into standard deviations (SDs) before the analysis. 
We used RStudio for statistical analyses. Chart 2S (Supplementary Ma-
terial) shows the Main RStudio script. 

3. Results 

3.1. Selection of articles 

A total of 2593 studies were identified in our initial searches. Of 
these, 708 were excluded due to duplicates. Of the remaining 1885 
studies, 1859 were screened out after title and abstract reading (non- 
RCTs; children/adolescents or animal experimentation; and concomi-
tant use of other interventions, including diets, food supplements, 
medications, among others). Of 26 full-text articles reviewed, 14 were 
excluded because they did not have a control group or information 
provided was uncertain. As a result, 11 studies42–52 were included in the 
quantitative analysis (Fig. 1). It is noteworthy that the study by Cooper 
(2016) had two groups of interest (HIIT) and Zhang (2021) evaluated in 
their study three groups of interest (HIIT) that followed PICOS criteria. 
These groups were individually analyzed in the meta-analysis making a 
total of 14 arms for the primary outcome (% BF) – Table 1. Because not 
all studies evaluated abdominal visceral fat, there were 11 data entries 
for abdominal visceral fat in the meta-analysis. 

3.2. Characteristics of the studies 

Table 2 shows the main characteristics of the studies. A total of 379 
participants were included in the primary outcome analysis (% BF). Of 
these, 194 were in the intervention group (HIIT) and 185 in the 
comparator group (CAT). As for clinical characteristics of the partici-
pants, 11 studies involved adults with BMI of 25.0–29.9 kg/m2 and four 
studies involved adults with BMI ≥30.0 kg/m2.42,44,45,49 Of 14 groups 
included in the meta-analysis, six consisted of women only,44,45,49–52 

three of men only,42,43,48 one included both men and women,46 and one 
study did not report this information.47 All studies reported the partic-
ipants’ ages that ranged from 19 to 51 years, mean age of 29.5 ± 10.4 
years. HIIT intervention involved 3–5 sessions a week, average duration 
of 26.6 min for a total of 5–16 weeks. CAT intervention involved 3–5 
sessions a week, average duration of 44 min for 5–16 weeks. Only one 
study49 evaluated data at different time points (baseline, 6 and 12 
weeks), and we chose to prioritize data more frequently assessed in the 
selected studies (12 weeks). Of the 11 studies included, six involved an 
intervention duration of 12 weeks,42,46,49–52 four <12 weeks43,44,47,48 

and only one >12 weeks.45 Also, of the eligible studies, only one study51 

compared data from three different HIIT arms against one CAT arm. 
Table 3 shows biochemical profiles of the study participants. Of 14 

studies, five43,45–47,52 reported complete information for fasting blood 
glucose (seven arms of HIIT); five43,45,46,49,52 for total cholesterol and 
triglycerides (seven arms of HIIT); and four studies43,45,46,49 for HDL 
(four arms of HIIT). 

3.3. Risk of bias and quality of studies 

Of 11 studies selected for this review, only two reported the 
randomization sequence46,48 and none reported blinding participants 
and/or evaluators. Thus, all studies were classified as “some concerns” 
of risk of bias (Fig. 1S of supplementary material). All studies performed 
intention-to-treat analyses and reported point estimates of effect size. 

Regarding the strength of evidence assessed by GRADE,30,35 the 

Table 1 
Exercise protocols of the studies included in the analysis.  

Sijie (2012)50  - 5x/week during 12 weeks.  
- HIIT: 5x3-min interval running at the individualized HR of 

85% of VO2 max which was intervened by a 3-min active 
break in between at the individualized HR of 50% of VO2 
max.  

- CAT: Continuous walking and/or jogging at the 
individualized HR of 50% of VO2 max for 40 min. 

Gripp (2020)43  - 2x/week during 8 weeks.  
- The training programs were based on the maximum velocity 

achieved during the 20 m shuttle test (Vshuttle).  
- After 4 weeks of training, participants performed a new 20 m 

shuttle test for the adjustment of the speed of the training 
program.  

- HIIT: Participants ran 7–10x, 200 m at 85–100% of Vshuttle, 
during 14–19 min/session.  

- CAT: Participants ran 3500–5000 m at 60–75% of Vshuttle, 
during 27–32 min/session. 

Keating (2014)46  - 3x/week (60–72 min/week total training time) during 12 
weeks  

- HIIT: exercise on the cycle ergometer at a power output 
designed to 120% of VO2 peak; they performed 4-6x in 30–60 
s on work + 180-120 s of recovery at low intensity.  

- CAT: continuous cycling on the ergometer 30–45 min at 
50–65% VO2 peak. 

Zhang (2017)51  - 3x/week, during 12 weeks.  
- A continuous 60 rpm during each training session in both 

groups was observed.  
- HIIT: participants repeated 4-min cycling exercise bouts at an 

intensity of 90% VO2 max, followed by a 3-min passive re-
covery until the targeted 300 kJ of work was achieved.  

- CAT: participants performed continuous exercise on a cycle 
ergometer at an intensity of 60% VO2 max until the targeted 
300 kJ of work was achieved. 

Cooper (2016)42  - 3x/week, during 12 weeks.  
- Exercise was performed in a cycle ergometer.  
- HIIT active rest: the protocol is comprised of 4–10 intervals 

efforts with 1:6 (work:rest) cycles, via 30 s sprint efforts (120 
rpm) followed by 3 min of passive recovery.  

- HIIT passive rest: the protocol is comprised of 4–10 intervals 
efforts with 1:6 (work:rest) cycles, via 30 s sprint efforts (120 
rpm), followed by 3 min of periods involving continued 
cycling at 60 rpm at a lightened resistance.  

- CAT: the program consisted of cycle ergometry at ~80–85% 
of age-predicted HR max, during 50–60 min/session. 

Hornbuckle 
(2018)45  

- 3x/week, during 16 weeks.  
- Treadmill walking with 4 weeks of adaptation period for both 

groups (20–25 min at 60–70% HR max).  
- HIIT: the protocol is comprised of 7 × 1 min at 80–90% HR 

max +3 min at 60–70% HR max of recovery at low intensity.  
- CAT: participants performed a continuous exercise at 60–70% 

HR max during 32 min. 
Ram (2020)48  - 3x/week during 6 weeks.  

- All training was conducted on manual-resistance cycle 
ergometers.  

- HIIT: the program consisted of 10 × 1 min intervals at ~90% 
HR peak, with 1 min active recovery intervals at a low 
workload.  

- CAT: the protocol consisted of 30 min of continuous exercise 
at 65–75% of HR peak. 

Higgins (2016)44  - 3x/week during 6 weeks.  
- All sessions were performed on a friction-loaded stationary 

cycle ergometer.  
- HIIT and CAT were performed with equal estimated energy 

expenditure during training.  
- HIIT: 5–7 sprints of 30-s with “all out” intensity interspersed 

with 4 min of active recovery pedaling against minimal 
resistance at a low pedal frequency. This exercise stimulus 
equated to 2.5–3.5 min of near-maximal effort interspersed 
with 16–28 min of recovery.  

- CAT: participants were instructed to cycle continuously at an 
intensity of 60–70% HR reserve for 20–30 min, with the 
duration of training sessions systematically increased to 
maintain equal estimated energy expenditure between 
groups. 

Kong (2016)47  - 4x/week during 5 weeks.  
- All sessions were performed on a stationary cycle ergometer. 

(continued on next page) 
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outcomes of interest (% BF and abdominal visceral fat) were rated as 
“low quality of evidence”. Although all studies included in the 
meta-analysis were considered of high quality (RCT design), we 
removed one point in the “risk of bias” domain due to no blinding of 
volunteers and evaluators for the intervention (exercise), and one point 
in the “inconsistency (heterogeneity)” domain due to substantial het-
erogeneity (>75%) because of different characteristics of the samples 
examined and the small number of studies (Fig. 2S of supplementary 
material). 

3.4. Publication bias 

The risk of publication bias assessment did not show substantial 
concerns of bias for both % BF and abdominal visceral fat. The funnel 
plot of % BF and abdominal visceral fat data is presented in the sup-
plementary material (Fig. 3S of supplementary material). 

3.5. Effect size of HIIT vs. CAT 

Fig. 2 shows the effect size for % BF with no advantage of HIIT over 
CAT, MD 0.55% (95% CI –1.42 to 0.31; p = 0.209), and 95% PI ranged 
from − 1.52 to 0.41. The sex-stratified analysis (Fig. 3) showed similar 
results: HIIT was not superior to CAT for both men and women (p =
0.921). 

Fig. 4 shows the analysis of abdominal visceral fat. Because 
abdominal visceral fat was reported in different units [kg in eight 
studies,44,46–48,51,52% in two studies42,45 and cm3 in one study42], we 
used SMDs to present the size of the intervention effect. We found a SMD 
of − 0.05 with no superiority of HIIT over CAT (95% CI –0.29 to 0.19; p 
= 0.997). A comparison of HIIT vs. CAT did not allow to make any 
conclusions based on the 95% CI, and on 95% PI (− 0.32 to 0.23). The 
sex-stratified analysis (Fig. 5) showed there is no significant sex differ-
ence (p = 0.966). 

Table 4 shows mean differences of secondary outcomes—body 
weight,42–52 BMI,42,43,45,47–50,52 VO2 max,42–50,52 glycemic42,43,45–47 

and lipid profiles.42,43,45,46,49,52 Interestingly, HIIT was superior to CAT 
in increasing VO2 max (SMD: 0.30, 95% CI 0.09 to 0.52, p = 0.005, small 
effect size), improving fasting blood glucose (SMD: − 0.67, 95% CI –1.07 
to − 0.27, p = 0.001, moderate effect), and reducing total cholesterol 
(SMD: − 0.42, 95% CI –0.78 to − 0.05, p = 0.005, small effect). 

3.6. Potential moderating effects 

We tested potential moderating effects on % BF and abdominal 
visceral fat in a meta-regression analysis. For % BF in the HIIT group: 
total exercise sessions, p = 0.414; participants’ age, p = 0.633; baseline 
BMI, p = 0.457. For the CAT group: total exercise sessions, p = 0.600; 

Table 1 (continued )  

- HIIT: the participants performed 60x of 8 s cycling +12 s 
passive recovery for 20 min.  

- CAT: the group performed a continuous cycling exercise at 
65% of VO2 peak for 40 min. A cycling speed of 60 ± 5 rpm 
would be maintained throughout each training session. 

Zhang (2021)52  - Four-cycle ergometer training regimens was performed 
during 12 weeks.  

- HIIT 90: repeat 4-min exercise at 90% VO2 peak, followed by 
a 3-min passive recovery, until the targeted 200 kJ of work 
was achieved.  

- HIIT 120: repeat 1-min exercise at 120% VO2 peak, followed 
by a 1.5-min passive recovery, until the targeted 200 kJ of 
work was achieved.  

- All-HIIT: 40 bouts of 6 s at all-out effort, followed by a 9 s of 
passive recovery.  

- CAT: continuous exercise at 60% VO2 peak until the targeted 
200 kJ of work was achieved. 

Rowley (2017)49  - 3x/week during 12 weeks.  
- The researchers worked with maximal speed that participants 

could maintain for the full 30 s and that would elicit a 
maximal or near maximal HR response.  

- HIIT: participants completed 4 × 30 s sprints at a 3–5% grade 
on treadmill, and the sprints were paired with a 4 min walking 
recovery at 2.5 mph and 0% grade.  

- CAT: participants walked or jogged continuously for 30–60 
min (with an increase of 10 min every 3 weeks) on a treadmill 
at a 3–5% grade at an intensity of their individual 45–55% HR 
reserve. 

HR, heart rate; VO2, oxygen consumption volume; HIIT, high-intensity interval 
training; CAT, continuous aerobic training. 

Table 2 
Changes in body weight, BMI, and maximal oxygen uptake in included studies.   

Group n Sex Body weight (kg) BMI (kg/m2) VO2 max (mL/kg/min)    

Baseline Post Δ Baseline Post Δ Baseline Post Δ 

Sijie (2012)50 HIIT 17 F 74 ± 8 68 ± 7 − 6 27.7 ± 1.8 26.3 ± 1.9 − 1.4 33 ± 4 36 ± 3 3  
CAT 16 F 74 ± 9 70 ± 9 − 4 28.3 ± 2.0 26.6 ± 2.2 − 1.7 33 ± 5 35 ± 4 2 

Gripp (2020)43 HIIT 11 M 81 ± 7 – – 27.2 ± 13.0 26.8 ± 1.3 − 0.4 46 ± 10 53 ± 10 7  
CAT 11 M 84 ± 15 – – 28.7 ± 3.1 28.2 ± 3.5 − 0.5 45 ± 4 49 ± 15 4 

Keating (2014)46 HIIT 13 10 F/3 M – 76 ± 11 – 28.2 ± 1.8 – – 25 ± 37 30 ± 1 5  
CAT 11 9 F/2 M – 80 ± 6 – 28.5 ± 1.9 – – 24 ± 4 28 ± 2 4 

Zhang (2017)51 HIIT 15 F – 64 ± 6 – – – – 32 ± 2 – –  
CAT 15 F – 65 ± 8 – – – – 31 ± 4 – – 

Cooper (2016)42 HIIT/active rest 15 M 94 ± 19 94 ± 19 0 29.7 ± 4.0 30.1 ± 1.2 0.4 28 ± 4 31 ± 4 3  
HIIT/passive rest 15 M 95 ± 20 96 ± 21 1 29.7 ± 4.1 30.3 ± 1.0 0.6 25 ± 5 30 ± 5 5  
CAT 15 M 96 ± 11 96 ± 12 0 30.6 ± 3.4 30.6 ± 1.5 0.0 24 ± 4 27 ± 5 3 

Hornbuckle (2018)45 HIIT 11 F 100 ± 12 100 ± 11 0 35.7 ± 3.3 35.7 ± 2.9 0.0 24 ± 3 26 ± 2 2  
CAT 3 F 94 ± 5 94 ± 5 0 33.5 ± 1.0 33.6 ± 1.2 0.1 24 ± 3 24 ± 4 0 

Ram (2020)48 HIIT 16 M 86 ± 19 85 ± 17 − 1 28.1 ± 4.1 28.4 ± 4.1 0.3 34 ± 7 36 ± 6 2  
CAT 12 M 87 ± 17 89 ± 16 2 27.4 ± 4.0 27.8 ± 3.8 0.4 33 ± 7 35 ± 6 2 

Higgins (2016)44 HIIT 23 F 82 ± 12 81 ± 12 − 1 30.3 ± 4.5 – – 29 ± 5 33 ± 4 4  
CAT 29 F 83 ± 14 83 ± 15 0 30.3 ± 4.6 – – 27 ± 5 29 ± 4 2 

Kong (2016)47 HIIT 10 – 68 ± 9 69 ± 9 1 25.5 ± 2.1 25.7 ± 2.2 0.2 34 ± 6 37 ± 7 3  
CAT 8 – 69 ± 9 68 ± 8 − 1 26.2 ± 2.4 25.9 ± 2.2 − 0.3 34 ± 4 38 ± 7 4 

Zhang (2021)52 HIIT 90 12 F 66 ± 7 63 ± 7 − 3 26.0 ± 2.9 24.9 ± 1.1 − 1.1 29 ± 2 38 ± 3 9  
HIIT 120 12 F 70 ± 10 68 ± 9 − 2 26.1 ± 3.2 25.5 ± 1.5 − 0.6 26 ± 4 35 ± 5 9  
All-HIIT 11 F 67 ± 7 64 ± 6 − 3 25.6 ± 2.4 24.6 ± 1.6 − 1.0 27 ± 3 33 ± 3 6  
CAT 11 F 65 ± 9 64 ± 8 − 1 25.1 ± 3.0 25.2 ± 1.3 0.1 29 ± 3 34 ± 4 5 

Rowley (2017)49 HIIT 8 F 87 ± 15 87 ± 15 0 32.3 ± 4.7 32.0 ± 4.6 − 0.3 30 ± 3 – –  
CAT 7 F 83 ± 4 82 ± 4 − 1 29.5 ± 1.8 28.9 ± 1.6 − 0.6 27 ± 2 – – 

Values are presented as mean ± standard deviation; BMI, body mass index; HIIT, high-intensity interval training; CAT, continuous aerobic training. VO2 max, maximal 
oxygen uptake. F, female; M, male. 
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participants’ age, p = 0.810; baseline BMI, p = 0.578. For testing the 
same potential moderating effects on abdominal visceral fat in the HIIT 
group: total exercise sessions, p = 0.696; participants’ age, p = 0.615; 
baseline BMI, p = 0.533; and in the CAT group: total exercise sessions, p 
= 0.831; participants’ age, p = 0.741; baseline BMI, p = 0.564. We 
found no moderating effects on % BF and abdominal visceral fat. In 
addition, no publication bias was found for both outcomes assessed. 

4. Discussion 

This systematic review and meta-analysis examined the chronic ef-
fect of HIIT compared to CAT on body fat as assessed by DEXA in adults 

with overweight and obesity. Our analysis including 11 RCTs does not 
show advantage of HIIT over CAT regarding % BF, irrespective of sex. As 
for abdominal visceral fat, no training modality proved superior in 
reducing body fat refuting our hypothesis that HIIT is superior to CAT in 
improving different aspects of %BF and abdominal visceral fat. 

Su (2019) evaluated the effect of HIIT vs. CAT and differences for 
4–12 weeks on body composition in individuals with overweight and 
obesity. The methods of body composition assessment included skinfold 
measurements, plethysmography, absorptiometry and bioimpedance. A 
comparison of pre- and post-training showed a reduction in body 
weight, BMI and % BF with no differences between these two training 
modalities.53 In another meta-analysis, Keating (2017) evaluated the 

Table 3 
Biochemical profile.    

Fasting Blood Glucose (mg/ 
dL) 

Total Cholesterol (mg/dL) High Density Lipoprotein 
(mg/dL) 

Triglycerides (mg/dL) 

Groups Baseline Post Δ Baseline Post Δ Baseline Post Δ Baseline Post Δ 

Sijie (2012)50 HIIT – – – – – – – – – – – –  
CAT – – – – – – – – – – – – 

Gripp (2020)43 HIIT 94 ± 8 94 ± 8 0 216 ± 33 186 ± 28 − 30 50 ± 9 46 ± 7 − 4 189 ± 79 118 ± 50 − 71  
CAT 94 ± 9 92 ± 9 − 2 224 ± 43 213 ± 42 − 11 50 ± 9 50 ± 8 0 198 ± 80 161 ± 54 − 37 

Keating (2014)46 HIIT 79 ± 13 77 ± 6 − 2 208 ± 42 209 ± 28 1 66 ± 42 66 ± 28 0 115 ± 32 115 ± 64 0  
CAT 77 ± 6 79 ± 6 2 205 ± 38 213 ± 25 8 54 ± 13 54 ± 13 0 106 ± 58 97 ± 29 − 9 

Zhang (2017)51 HIIT – – – – – – – – – – – –  
CAT – – – – – – – – – – – – 

Cooper (2016)42 HIIT/active rest 105 ± 11 – – 201 ± 46 – – 42 ± 12 – – 106 ± 62 – –  
HIIT/passive rest 103 ± 9 – – 217 ± 31 – – 43 ± 15 – – 159 ± 71 – –  
CAT 105 ± 7 – – 216 ± 50 – – 43 ± 8 – – 168 ± 97 – – 

Hornbuckle (2018)45 HIIT 88 ± 7 87 ± 11 − 1 161 ± 27 161 ± 25 0 48 ± 7 48 ± 0 0 71 ± 18 78 ± 24 7  
CAT 87 ± 3 86 ± 3 − 1 158 ± 40 156 ± 59 − 2 56 ± 10 59 ± 0 3 61 ± 6 52 ± 6 − 9 

Ram (2020)48 HIIT – – – – – – – – – – – –  
CAT – – – – – – – – – – – – 

Higgins (2016)44 HIIT – – – – – – – – – – – –  
CAT – – – – – – – – – – – – 

Kong (2016)47 HIIT 81 ± 4 79 ± 11 − 2 – – – – – – – – –  
CAT 83 ± 9 79 ± 7 − 4 – – – – – – – – – 

Zhang (2021)52 HIIT 90 70 ± 7 59 ± 11 − 11 213 ± 43 190 ± 43 − 23 – – – 150 ± 27 133 ± 27 − 17  
HIIT 120 72 ± 11 61 ± 7 − 11 193 ± 54 174 ± 43 − 112 – – – 186 ± 142 133 ± 27 − 53  
HIIT all 70 ± 5 59 ± 11 − 11 197 ± 58 158 ± 39 − 123 – – – 168 ± 71 133 ± 18 − 35  
CAT 72 ± 18 70 ± 13 − 2 182 ± 46 174 ± 35 − 8 – – – 168 ± 35 168 ± 35 0 

Rowley (2017)49 HIIT – – – 203 ± 10 190 ± 12 − 13 52 ± 22 54 ± 23 2 167 ± 65 106 ± 27 − 61  
CAT – – – 228 ± 46 240 ± 46 12 59 ± 7 62 ± 15 3 180 ± 111 133 ± 53 − 47 

Values are presented as mean ± standard deviation; HIIT, high-intensity interval training; CAT, continuous aerobic training; Post, post-training. 

Fig. 2. Comparison of body fat percentage (%BF) between HIIT and CAT. HIIT, high-intensity interval training; continuous aerobic training (CAT); SD, standard 
deviation; MD, mean difference; CI, confidence interval. 
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impact of HIIT vs. CAT on body fat assessed by absorptiometry. The 
authors also showed a beneficial effect of these exercise modalities 
compared to baseline, but not between these two modalities. Likewise, 
our analysis suggested that HIIT was not superior to CAT despite 
different sample characteristics and BF assessment methods reported in 
the studies by Su et al. (2019)53 and Keating et al. (2017).23 

In addition, we included studies with volunteers aged 18 to 55 (mean 
age 29.5 ± 10.4 years) while Keating (2017) sample was characterized 
by a broader age range (11–65 years) that included young and elderly 
adults, as well as children and adolescents aged 8–16 years (three arti-
cles; total of 93 participants).23 Moreover, the studies selected for our 
analysis used only one method of body fat assessment (DEXA) while Su 
(2019) included in their review studies using several different methods 
(skinfold measurements, bioimpedance, and plethysmography).53 

Interestingly, Andreato et al. (2019) recommended that the findings 

of meta-analyses with no equalization of data especially regarding en-
ergy expenditure in HIIT and CAT should be treated with caution 
because of a relevant risk of bias.22 In our meta-analysis, we performed a 
meta-regression to evaluate potential effect modifiers, including exer-
cise session duration, weekly frequency and total duration of the inter-
vention. We found that these variables did not affect the results. 
Likewise, Andreato et al. (2019) reported that HIIT and CAT have 
similar effects on body fat, even when the data is equalized.22 Corrob-
orating the findings of other meta-analyses,22,23,53 our results show that 
HIIT is not superior to CAT in reducing body fat. 

Abdominal visceral fat is more closely associated with health risks 
than subcutaneous fat.54 People with more fat accumulated in the 
android region are twice as likely to develop cardiovascular disease, 
type 2 diabetes mellitus and hypertension.55 In their meta-analysis, 
Wewege et al. (2017) reported abdominal visceral fat reduction 

Fig. 3. Comparison of body fat percentage (%BF) between HIIT and CAT by sex as a potential moderating effect. HIIT, high-intensity interval training; continuous 
aerobic training (CAT); SD, standard deviation; MD, mean difference; CI, confidence interval. 

Fig. 4. Comparison of abdominal visceral fat between HIIT and CAT. HIIT, high-intensity interval training; CAT, continuous aerobic training; SD, standard deviation; 
SMD, standardized mean deviation; CI, confidence interval. 
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following both HIIT and CAT with similar SMDs (HIIT, − 3.1 and CAT, 
− 3.0) when compared to baseline, and no superiority between these 
modalities.24 Some differences between our study and Wewege et al. 
study (2017) should be pointed out. In contrast to ours, Wewege study 
had an age limit (18–45 years) excluding older persons and menopausal 
women. Another point is that they included articles assessing body fat 
with applied hydrostatic weighing, ultrasound, dual-energy X-ray ab-
sorptiometry, bio-electrical impedance analysis, computed tomography 
or magnetic resonance imaging while we included in our analysis studies 
reporting a single assessment method—DEXA. In addition, the analyses 
were based on different PICOS frameworks. Yet, despite these differ-
ences, the findings are comparable, i.e., no training modality was su-
perior in reducing body fat. 

Higgins et al. (2016)44 evaluated HIIT vs. CAT as exercise in-
terventions over 6 weeks and found that HIIT was superior to CAT in 
reducing % BF (CAT, Δ − 0.3% and HIIT, Δ − 1.0%) and android fat mass 
(CAT, Δ 0.0% and HIIT, Δ − 0.2%). On the other hand, Hornbuckle et al. 
(2018)45 evaluated a 16-week intervention and found no superiority in 
% BF (CAT, Δ 0.1% and HIIT, Δ − 0.3%) and android fat (CAT, Δ − 1.1% 
and HIIT, Δ − 0.1%). These contrasting results may be explained by the 
different duration of these interventions (6 vs. 16 weeks). Another 
explanation could be the use of different exercise machines targeting 
different sets of muscles. Hornbuckle et al. (2018)45 study involved 
treadmill training whereas Higgins et al. (2016)44 used a cycle ergom-
eter and a smaller exercising muscle mass. 

Most studies found non-superiority of HIIT vs. CAT on body fat. We 
can speculate that different stimuli may have similar effects on body fat 
reduction. Lipolysis occurring in CAT is largely due to increased levels of 
lipolytic hormones, such as catecholamines, cortisol, glucagon and 
growth hormone, dependent of exercise duration56 as exercise intensity 
is moderate and constant. Briefly, these hormones act on adipose tissue 

inducing triglyceride hydrolysis followed by free fatty acid (FFA) 
transport to active myocytes and to the mitochondrial matrix leading to 
β-oxidation.57 On the other hand, HIIT involves intense bouts of exercise 
that more acutely increases the levels of lipolytic hormones (catechol-
amines, cortisol, glucagon and GH).56 However, the fast energy 
requirement for the body in HIIT leads to ATP resynthesis to sustain 
exercise performance largely from glycolytic metabolism.57 Acetyl-CoA 
carboxylase catalyzes the formation of malonyl-CoA which inhibits the 
activity of carnitine palmitoyl transferase (CPT-I), and seems to reduce 
β-oxidation involved in ATP resynthesis.57 CAT has a relatively high 
contribution (%) to lipolysis, but at low total energy expenditure due to 
moderate intensity exercise. On the other hand, HIIT has a relatively low 
contribution (%) to lipolysis, but at high total energy expenditure due to 
intense workout (maximum or sub-maximum intensity). HIIT is more 
effective on lipolysis activation because it produces greater excess 
post-exercise oxygen consumption (EPOC).18 EPOC in response to CAT 
appears to be very low or negligible whereas it appears to be more 
efficient and prolonged in response to HIIT.18 Yet, this effect does not 
seem enough to make HIIT superior to CAT in reducing body fat; i.e., the 
stimuli may be different but these two modalities of exercise apparently 
result in similar fatty acid oxidation rates. 

This rationale would explain the absence of differences in body fat 
reduction between HIIT vs. CAT demonstrated in our meta-analysis and 
in other studies as well. Interestingly, the key element of HIIT is not the 
shorter duration of workout, but rather greater total energy expenditure 
through intense bouts of exercise—the intensity of the workout is more 
relevant than its duration. 

Evidence shows that, compared to body composition parameters 
(BMI or % BF), low VO2 max is more strongly associated with cardio-
vascular risk.3,58 Individuals with excess body weight with good 
cardiorespiratory endurance have lower risk of cardiovascular 

Fig. 5. Comparison of abdominal visceral fat between HIIT and CAT by sex as a potential moderating effect. HIIT, high-intensity interval training; CAT, continuous 
aerobic training; SD, standard deviation; SMD, standardized mean deviation; CI, confidence interval. 

Table 4 
Pooled effect size estimates.   

Studies Sample size** SMD 95% CI p-value I2 (%) 95% PI 

Body weight (kg) 13 183 vs. 152 − 0.02 − 0.20; 0.24 0.988 0.0 − 0.22; 0.27 
BMI (kg/m2) 6 78 vs. 65 0.02 − 0.31; 0.36 0.883 0.0 − 0.44; 0.49 
VO2 max (mL/kg/min) 10 194 vs. 163 0.30 0.09; 0.52 0.005* 0.0 0.07; 0.55 
Fasting blood glucose (mg/dL OR mmol/L) 6 75 vs. 46 − 0.67 − 1.07; − 0.27 0.001* 2.1 − 1.28; − 0.07 
Total cholesterol (mg/dL OR mmol/L) 6 80 vs. 54 − 0.42 − 0.78; − 0.05 0.025* 0.0 − 0.90; 0.06 
Triglycerides (mg/dL OR mmol/L) 6 83 vs. 53 − 0.08 − 0.44; 0.28 0.661 0.0 − 0.55; 0.39 

BMI, body mass index; VO2 max, maximum oxygen consumption; SMD, standard mean difference (effect size). ** HIIT vs. CONT; *p < 0.05. 
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disease.58,59 Considering its relevance, we evaluated whether there was 
superiority of HIIT vs. CAT on VO2 max as a secondary outcome. CAT is a 
commonly recommended strategy to improve VO2 max.60 However, 
interval exercise protocols such as HIIT exert greater physiological stress 
on the cardiovascular system and appear to produce a VO2 max response 
that is similar or even superior to that of CAT.17 In our study, the 
selected set of RCTs analyzed demonstrated that HIIT is slightly superior 
to CAT in increasing VO2 max (SMD 0.30; 95% CI 0.09 to 0.52; p =
0.005). In their meta-analysis, Batacan (2017) evaluated short-term 
(<12 weeks) and long-term (>12 weeks) effects of HIIT in two pop-
ulations.61 Both HIIT protocols increased VO2 max in the two groups of 
participants.61 Although this study did not compare HIIT with CAT, it 
demonstrates that, regardless of body adiposity, an increase in VO2 max 
induced by HIIT is time dependent. Wisloff (2009) in their review re-
ported that the extent of exercise-induced adaptation of VO2 max and 
cardiomyocyte function/structure depends on exercise intensity.17 

Greater exercise intensity of HIIT increases cardiomyocyte contractile 
function and, through the Frank-Starling mechanism, results in 
increased cardiomyocyte contraction force. These adaptations are 
associated with physiological cardiomyocyte hypertrophy, increased 
stroke volume as well as increased endothelium-dependent vasodila-
tion62 and oxygen utilization in skeletal muscle17 over time. 

Some evidence shows that one-third of heart diseases may be asso-
ciated with high levels of total cholesterol and/or LDL-cholesterol.63 A 
meta-analysis with 170,000 individuals revealed that reductions in LDL 
levels are associated with lower cardiovascular risks.64 The authors also 
reported that individuals with elevated levels of total cholesterol are 
twice as likely to have major cardiovascular events55 and reducing 
LDL-cholesterol by 0.6 mmol/L (~23 mg/dL) would reduce the risk of 
cardiovascular disease by 54% at age 40, and by 19% at age 80.65,66 

performed a meta-analysis to evaluate the effects of HIIT and CAT, as 
well as strength training, stretching, and combined exercise on the levels 
of triglycerides and total cholesterol. Although they reported an effect 
size of − 0.603 and − 0.721 mg/dL on triglycerides and total cholesterol, 
respectively, their analysis included studies of exercise training together 
with dietary intervention which may have led to a potential confounding 
effect on the results. In our meta-analysis, we found consistently 
improved total cholesterol in the HIIT group compared to the CAT. 

The present study has some limitations. The main limitation lies on 
the different methodological approaches and HIIT protocols used in the 
RCTs selected for this review, though this is a relatively common limi-
tation for research investigating aspects related to exercise or training. 
Likewise, we did not include any comparisons of isocaloric interventions 
which may have improved our results and discussion. Another impor-
tant point inherent to RCTs involving exercise and training is the 
impossibility to conceal group allocation. Regarding secondary out-
comes—fasting glucose and lipid profile, many of the studies in our 
analysis reported baseline values (for sample characterization) but not 
post-training values. So, these articles were not included in the meta- 
analysis of secondary outcomes. Secondary outcomes were obtained 
from studies eligible for the primary outcome, so they should be inter-
preted with caution. 

5. Conclusion 

We conclude that HIIT does not show an advantage over CAT 
regarding %BF, irrespective of sex, in individuals with excess weight. In 
particular, no training modality was superior on android visceral fat. 
Although other studies have reported a similar finding, our analysis 
included studies evaluating body fat by DEXA only (a reference method 
of body composition assessment) revalidating the results in the litera-
ture. Given the similar effect of HIIT and CAT on reducing adiposity, 
exercise selection should rely on individual preferences, including ex-
ercise duration, tolerance to physical effort, motivation to exercising, 
and goals. We also found that HIIT has beneficial effects on VO2 max, 
fasting blood glucose and total cholesterol when compared to CAT. 
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