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Abstract
Although evidence regarding the effects of high-intensity interval training (HIIT) 
on mental health has increased in recent years, there is still no consensus regard-
ing the effects of HIIT on the symptoms of depression and anxiety in a healthy 
population. Therefore, this systematic review aimed to investigate the effects of 
HIIT on depressive and/or anxiety symptoms in healthy individuals. The fol-
lowing four databases were searched: PubMed, Scopus, Embase, and PsycINFO. 
Only randomized clinical trials (RCTs) were included. We performed a random-
effects meta-analysis based on standardized mean difference (SMD). The risk of 
bias was assessed using the RoB 2.0 tool, and the certainty of the evidence was 
evaluated based on recommendations GRADE. Eight RCTs evaluating 471 par-
ticipants (81% female) were considered eligible for inclusion. The results of the 
meta-analysis showed that HIIT-based interventions had no significant effect 
on reducing anxiety (SMD = −0.17; 95% CI: −0.53, 0.19; p = 0.27) and depressive 
symptoms (SMD = −0.38; 95% CI: −1.06, 0.30; p = 0.17) compared with the pas-
sive control group. In conclusion, HIIT does not improve symptoms of depression 
and anxiety in healthy individuals. This finding is based on evidence of very low 
certainty. Therefore, the evidence is still not consistent enough to support HIIT 
as a viable strategy to reduce both outcomes because of the limited number of 
included studies and the overall quality of evidence.
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1   |   INTRODUCTION

Depression and anxiety have been described as the main 
problems related to mental health.1 Even without reach-
ing a clinical limit for diagnosis, depressive and/or anxiety 
symptoms can be debilitating and interfere with daily ac-
tivities, quality of life, and psychological health.2,3 In ad-
dition to being risk factors for the development of mental 
disorders,4 depressive and/or anxiety symptoms need to 
have accessible prevention strategies because of the nega-
tive impact of these symptoms on health.4–6

Regular physical exercise has been described as an 
approach that can be used to promote mental health in 
different age groups.6–8 Meta-analyses have shown that 
interventions based on physical activity have a moderate 
effect of reducing depressive symptoms,7,9 in addition to 
providing a protective effect against the development of 
depression, reducing the risk by approximately 22% in the 
general population.10 Similarly, higher levels of physical 
activity are associated with decreased anxiety symptoms 
and a lower probability of developing anxiety disorders.11 
The positive effects of physical exercise on the reduction 
of depressive and anxiety symptoms have been observed 
both in clinical populations and in healthy individuals9–11 
and may be an important part of intervention strategies 
aimed at the prevention and early treatment of mental 
health disorders.5,6

However, the nature of the exercise likely influences the 
association between physical exercise and mental health.12 
For example, the effects of exercise on anxiety and depres-
sion symptoms in individuals with mental disorders can 
be moderated by the exercise intensity.13,14 Exercise in-
terventions based on moderate-to-vigorous intensity are 
likely to have greater effects in reducing these symptoms in 
patients with anxiety13 and major depressive disorders.14 
Furthermore, the type of exercise seems to influence the 
magnitude of the effect of exercise on depressive and anx-
iety symptoms in both healthy individuals and patients 
with mental disorders,9 in which aerobic exercises tend to 
have greater anxiolytic and antidepressant effects9–11 than 
resistance training.15,16 Participation in vigorous physical 
activities, such as high-intensity interval training (HIIT), 
could provide benefits to cognition and mental health in 
healthy individuals (e.g., executive function and psycho-
logical well-being) similar to or greater than those derived 
from low- and moderate-intensity exercises.17–19

HIIT is characterized by alternating series of high-
intensity and short-duration exercises (usually ≥80% of 
maximum heart rate [HRmax]), followed by brief periods 
of passive or active recovery.20,21 The lower training vol-
ume entailed in HIIT provides an efficient alternative in 
terms of time management to favor mental health bene-
fits.18 However, although short exercise sessions may have 

a positive impact on emotional health,12 higher exercise 
intensity is commonly associated with lower adherence.22 
potentially hindering sustained physical exercise partic-
ipation. Evidence indicates that HIIT does not have an 
advantage over moderate-intensity training in long-term 
exercise adherence.22 Lower adherence to HIIT, particu-
larly in unsupervised settings, may stem from difficulties 
in maintaining the prescribed intensity.22 This could lead 
to discontinuation of participation in the intervention or 
engagement in exercise at lower intensities.22

The evidence summarized in a meta-review of 33 sys-
tematic reviews suggests that HIIT is a safe intervention 
that can provide benefits on different indicators of phys-
ical and mental health.23 In general, studies that have 
investigated the efficacy and viability of HIIT in training 
programs aimed at young people have shown positive 
results in improving physical and mental health.17,24,25 
Randomized clinical trials lasting 8 weeks have shown that 
HIIT is effective in improving cardiorespiratory fitness and 
executive function in adolescent students17,24 and young 
university students.25 Although some results indicate that 
HIIT provides a sense of satisfaction and pleasure,25 as 
well as a small improvement in psychological well-being,17 
these studies did not observe significant reductions in 
negative psychological aspects such as stress or anxiety,25 
psychological distress,17 affect, or sleep quality of healthy 
individuals or individuals with physical diseases,26 HIIT 
seems to promote reductions in depressive symptoms in 
patients with mental disorders,23,27 but we found no study 
that has summarized the effects of HIIT on anxiety and 
depression symptoms in the overall healthy population.

In general, it has been suggested that HIIT can be an ef-
fective strategy to improve aspects of mental health, such 
as well-being and severity of depression, in populations 
with mental illness or physical diseases.26,28 Although 
one meta-analysis indicated that HIIT can promote a 
moderate reduction in the severity of depression when 
compared with no exercise intervention,26 the existing 
meta-analyses included people with mental disorders or 
physical diseases who tend to have a greater severity of 
depression and anxiety symptoms than the general pop-
ulation.26–28 Therefore, the effects of HIIT on the symp-
toms of depression and anxiety in the general population 
remain unknown.29 The present study aimed to system-
atically summarize randomized clinical trials evaluating 
the effects of HIIT on depressive and anxiety symptoms 
in individuals without diagnosed clinical conditions, com-
pared to a passive control group (e.g., no intervention/on 
the waiting list). Additionally, we sought to evaluate po-
tential moderating factors such as modality, frequency, 
and duration of HIIT. Investigating this gap can contrib-
ute to the design of exercise-based interventions and the 
optimization of mental health recommendations.
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2   |   METHODS

This systematic review with meta-analysis followed 
the recommendations of the Cochrane Handbook for 
Systematic Reviews of Interventions30 and was reported ac-
cording to the guidelines of the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA).31,32 
The study protocol was registered in the International 
Prospective Register of Systematic Reviews (PROSPERO) 
under the registration code CRD42021265608.

2.1  |  Eligibility criteria

The elaboration of the research question, steps of search-
ing for evidence, and defining the eligibility criteria were 
based on the components of the PICOT strategy (Table 1). 
Thus, the studies had to meet the following criteria for in-
clusion in this systematic review:

a.	 Randomized controlled clinical trial investigating 
HIIT, based on a high-intensity interval protocol 
(e.g., > 80% HRmax/HRpeak/HRrecovery or > 90% of the 
maximum oxygen consumption (VO2max) or > 80% 
of the power/maximum speed), with a duration of 
at least 4 weeks and at least two sessions per week. 
Any form of physical exercise (running, cycling, etc.) 
was considered to be eligible.

b.	 Study sample composed of healthy individuals of any 
age, without a diagnosis of physical disease or men-
tal disorder. Studies with participants diagnosed with 
physical diseases (including a variety of conditions 
such as acute and chronic illnesses, cardiovascular 
disorders, metabolic disorders, and skeletal disorders) 
or psychological disorders, elite athletes, or animal 
experiments were excluded from this review. RCTs in-
volving participants with high scores for symptoms of 
depression and anxiety but who did not meet the diag-
nostic criteria (e.g., clinical diagnosis ruled out by the 
standardized psychiatric interview or scores below the 

cut-off point for severe depression/anxiety based on a 
validated instrument) were included.

c.	 Study identifying the method used to evaluate exercise 
intensity (e.g., heart rate, effort rate, or other validated 
methods), as well as identifying the characteristics of 
the intervention (e.g., intensity, number of sessions, du-
ration of each session, duration of recovery between ses-
sions, exercise mode, and work-recovery relationship).

d.	 Passive control group without physical exercise (e.g. no 
intervention/on the waiting list).

e.	 Evaluation of depressive and/or anxiety symptoms 
as primary or secondary outcome based on validated 
instruments.

Only original studies published in peer-reviewed scien-
tific journals were considered. Unpublished manuscripts, 
study protocols, and abstracts of conferences/congresses 
were considered to be ineligible.

2.2  |  Sources of information and 
search strategy

Author JW performed a systematic search on April 12, 
2021, in the following databases: MEDLINE/PubMed, 
Scopus, Embase, and PsycINFO. The search strategy was 
designed to cover terms related to the main outcomes of 
interest. The terms had to be present in the title, abstract, 
or keywords. The last update of the search strategy was 
carried out on December 10th, 2023. Full details of this 
search strategy can be found in Data S1.

The search terms used were (“high-intensity interval 
training” OR “hiit” OR “intermittent exercise” OR “in-
terval exercise” OR “sprint interval training” OR “sprint 
interval exercise”) AND (depression OR “depressive symp-
toms” OR anxiety OR “anxiety symptoms” OR anxious). 
The systematic search considered all the studies published 
until December 10, 2023. No language restrictions were im-
posed. The gray literature was not considered in this study.

2.3  |  Study selection process

The screening and selection stages of the studies were 
conducted independently by two researchers (JW and 
VF). After removing duplicates, the titles and abstracts 
were examined to identify potentially relevant studies ac-
cording to the eligibility criteria. The studies that made it 
through this screening were read in full to evaluate their 
eligibility and were excluded if they did not meet all the 
criteria. Any divergence in the screening and selection 
stages was resolved by a third researcher (DA). The refer-
ence lists of the articles selected in the second stage were 

T A B L E  1   Description of the PICOT strategy.

Acronym Definition Description

P Population Healthy population

I Intervention Physical exercise based on a high-
intensity interval protocol

C Comparator Passive control group (without 
exercise)

O Outcomes Depressive and/or anxiety 
symptoms

T Type of study Randomized controlled clinical 
trial
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reviewed to identify other eligible studies. Figure 1 pro-
vides an overview of the article selection process.

2.4  |  Data extraction process and 
synthesis method

Data extraction was performed by the JW using a stand-
ardized form and reviewed by a second evaluator (EL). The 
information extracted from the studies included details of 
the publication, names of the authors, study design, sample 
characteristics, details about the interventions used, meas-
urement instruments, and the main results. Additionally, 
all available quantitative data regarding the outcomes of 
anxiety and depression (e.g., mean and standard deviation) 
and their respective statistical values (e.g., p-values and t-
statistics) were collected. In the absence of relevant data for 
the meta-analysis, we contacted the corresponding authors 
via e-mail to request additional information.

2.5  |  Assessment of risk of bias

The risk of bias in the included studies was evalu-
ated using the revised Cochrane Risk of Bias Tool for 

Randomized Clinical Trials (RoB 2.0).33 RoB 2.0 ad-
dresses five specific domains: (1) bias due to the ran-
domization process; (2) bias due to deviations from 
intended interventions; (3) bias due to missing outcome 
data; (4) bias in the measurement of the outcomes; and 
(5) bias in the selection of the reported result. Two re-
searchers (JW and RF) independently applied the tool 
to each included study and recorded any supporting in-
formation, classifying each result as having a “high”, a 
“low”, or “some concerns” about the risk of bias. Any 
discrepancies in the assessment of the risk of bias were 
resolved in a consensus meeting between the research-
ers, with a third researcher (DA) acting independently 
for a final judgment if necessary. Following the guide-
lines provided for RoB 2.0, we wrote a general summary 
of the risk of bias judgment (low, some concerns, and 
high) for each specific domain, and the overall risk of 
bias for each study was the highest level of risk in the 
domains that were evaluated.33

2.6  |  Measures of effect and data analysis

Owing to the expected heterogeneity between studies, 
a random-effects model was chosen to calculate the 

F I G U R E  1   Flow diagram of the 
studies identified following the PRISMA 
guidelines.
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average distribution of the effects of the intervention on 
depressive and anxiety symptoms. Thus, we performed 
a meta-analysis based on the standardized mean dif-
ference (SMD) effect sizes and their respective 95% 
confidence intervals (CIs) using the Hartung-Knapp-
Sidik-Jonkman (HKSJ) method,34,35 which adjusts the 
confidence interval to reflect the uncertainty in the het-
erogeneity estimate among the studies.30,35 This method 
has been described as more appropriate for meta-
analyses and demonstrates superior technical proper-
ties compared to the moment-based DerSimonian and 
Laird approach.30,35,36 The SMD was calculated for each 
group based on the mean difference (mean change), 
standard deviation (SD), and sample size for each study 
condition to compare the interventions. In cases where 
the RCT used more than two arms, we considered the 
control group without exercise compared to the HIIT 
group. If the relevant data were not provided, we cal-
culated the effect size from alternative statistics (e.g., 
t-test, standard error) using the methods described in 
the Cochrane manual.30 One study37 had imputed data 
(SD). The effect size was classified as no effect (<0.20), 
small (between 0.20 and 0.49), moderate (between 0.50 
and 0.79), and large (>0.80) based on the criteria pro-
posed by Cohen.38

The magnitude and impact of heterogeneity between 
the studies were determined by calculating the Chi2 and 
I2 statistics. The values of heterogeneity were categorized 
as considerable (>75%), substantial (between 50% and 
90%), moderate (between 30% and 60%), or not important 
(<40%).30 Owing to the diversity of the intervention pro-
tocols used, subgroup analyses were performed to verify 
the influence of HIIT characteristics (modality, frequency, 
and duration of the session) based on a previous meta-
analysis.26 Differences from protocol: Considering that the 
methodological diversity among the comparators could 
generate confusion in the interpretation of the results, we 
decided to restrict the analysis to “studies with a passive 
control group (no exercise)” instead of “control group 
with or without exercise” established in the protocol. 
Nevertheless, we provided complementary analyses of the 
comparison between HIIT and moderate-intensity train-
ing (MIT) (Data S2) based on studies excluded from the 
main analyses because they did not use a passive control 
group. Publication bias, as well as other sensitivity, sub-
group, and meta-regression analyses previously planned 
in the protocol, were not performed because of the small 
number of included studies and the absence of heteroge-
neity. All analyses were conducted using R (R Foundation 
for Statistical Computing, version 4.3.0) and R Studio (R 
Studio Team, 2023), using the “meta” package.39 Statistical 
significance was set at p < 0.05.

2.7  |  Assessment of evidence certainty

We evaluated the certainty of the evidence based on the 
Grading of Recommendations Assessment Development 
and Evaluation (GRADE).40 Two researchers (EL and 
JW) independently addressed the five GRADE domains 
(risk of bias, inconsistency, imprecision, indirect effects, 
and publication bias) to assess the certainty of the body of 
evidence in the included RCTs. The certainty of the evi-
dence was classified as high, moderate, low, or very low. 
Any divergence in the evaluations was resolved through 
a consensus meeting between the researchers. We justify 
all decisions to decrease the certainty rating of any study 
using footnotes and provide comments to help readers un-
derstand the results when necessary.

3   |   RESULTS

3.1  |  Selection of studies

Initially, 308 studies were identified from the databases. 
After removing duplicates, 140 studies were judged based on 
their titles and abstracts, resulting in 13 studies selected for 
full-text reading. Of these, eight studies were excluded, and 
the main reasons for this decision are described in Data S3 
(Table S1). Three studies41–43 were included after updating 
the search. Finally, eight studies25,37,41–46 were considered 
eligible for inclusion. Two studies were excluded from the 
meta-analysis due to insufficient data in their report.41,44 
The details of the selection process are shown in Figure 1.

3.2  |  Characteristics of the studies

Table 2 shows the characteristics of the eight studies in-
cluded in the present review.25,37,41–46 The studies were 
published between January 2018 and June 2022 and in-
volved 471 participants (81% female). The mean age of 
the participants in each study ranged from 19 to 41 years 
old. Six samples were composed of young adults25,37,42,44–46 
and two studies investigated adults.41,43 Seven studies 
evaluated participants of both sexes25,37,41–45 whereas one 
study investigated only female participants.46 The du-
ration of intervention in these studies was 4 weeks,42,44 
6 weeks,41,43,45,46 8 weeks,25 and 9 weeks.37

Regarding the HIIT protocol, 25% (n = 2) of the stud-
ies used a running-based protocol,37,45 50% (n = 4) of the 
studies used a home intervention protocol based on cir-
cuit training,41–43,46 12.5% (n = 1) used a protocol involving 
various combinations of aerobic and resistance exercises25 
and 12.5% (n = 1) used a protocol involving cycling.44
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3.3  |  Effects of HIIT on anxiety  
symptoms

Based on five studies25,37,42,45,46 including a total of 225 
participants, interventions using HIIT did not result in a 
significant reduction in anxiety symptoms compared to 
the control interventions (SMD = −0.17; 95% CI: −0.53, 
0.19; p = 0.27), as shown in Figure 2. The heterogeneity of 
these results was considered not important (I2 = 0%; 95% 
CI: 0%, 79%; p = 0.27).

3.4  |  Effects of HIIT on depressive  
symptoms

The results of the meta-analysis based on four stud-
ies,37,42,43,45 including 275 participants, revealed that HIIT 
interventions were not significantly associated with a re-
duction in depressive symptoms compared to the control 
group (SMD = −0.38; 95% CI: −1.06, 0.30; p = 0.17), as 
shown in Figure 3. The heterogeneity of these findings was 
considered moderate (I2 = 47%; 95% CI: 0%, 82%; p = 0.13).

3.5  |  Subgroup analyses

3.5.1  |  HIIT and anxiety symptoms

The results of subgroup analyses of anxiety symptoms are 
shown in Table 3. HIIT had no effect on anxiety symptoms 
compared with the control group, regardless of HIIT char-
acteristics (modality, duration, or frequency of the HIIT 
protocol used). Forest plots of the subgroup analyses are 
available in Data S2 (Figures S3–S5).

3.5.2  |  HIIT and depressive symptoms

The results of the subgroup analysis of depressive symp-
toms based on the characteristics of the HIIT protocol 
are presented in Table 4. The modality and frequency of 
the HIIT protocol had no significant effects on depressive 
symptoms compared with the control group. However, the 
duration of the HIIT interventions had a significant effect 
on depressive symptoms. Interventions lasting less than 
6 weeks (SMD = −0.78; 95% CI: −1.40, −0.15) exhibited 

F I G U R E  2   Meta-analysis of the effects of HIIT compared to the control group on anxiety symptoms.

F I G U R E  3   Meta-analysis of the effects of HIIT compared to the control group on depressive symptoms.
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a greater reduction in depressive symptoms compared to 
those lasting more than 6 weeks (SMD = −0.14; 95% CI: 
−3.03, 2.74). Forest plots of the subgroup analyses are 
available in Data S2 (Figures S6–S8).

3.6  |  Risk of study bias

A summary of the assessment of the risk of bias of individ-
ual studies in each of the six domains is shown in Figure 4. 
In terms of overall risk, there were concerns about the risk 
of bias in most studies due to the lack of sufficient detail 
in their reports. Seven studies had “some concerns” of 
bias,25,37,41,42,44–46 and only one study43 was evaluated with 
a “low risk of bias.” The justification for these evaluations 
is presented in Data S4. Bias due to deviations from the in-
tended interventions and bias in the selection of reported 
results were the main domains considered problematic. A 
general summary of the judgment of risk of bias is shown 
in Figure 5.

3.7  |  Certainty of evidence

Evidence of very low certainty indicated that HIIT had no 
effect on reducing anxiety symptoms. The evidence was 
downgraded in the indirect evidence domain, impreci-
sion, inconsistency, and risk of bias. Regarding depressive 
symptoms, the evidence of very low certainty indicates 
that HIIT had no effect on reducing these symptoms. 
Again, evidence was downgraded in the indirect evidence 
domain, imprecision, inconsistency, and risk of bias. 

Table 5 presents a summary of the results, with footnotes 
explaining downgrade judgments (decreased the certainty 
of the evidence).

4   |   DISCUSSION

This systematic review aimed to investigate the effects 
of HIIT on depressive and anxiety symptoms in healthy 
individuals. Overall, the results of the meta-analysis in-
dicated that HIIT-based interventions had no significant 
effect on reducing anxiety and depressive symptoms in 
healthy individuals compared to the control group with-
out physical exercise. In summary, the included stud-
ies provided very low certainty evidence that HIIT does 
not improve the symptoms of depression and anxiety in 
healthy individuals.

According to our results, HIIT had no positive effect 
on the reduction of depressive and anxiety symptoms in 
the healthy population compared with the control group. 
Although some studies have indicated a positive effect of 
HIIT in reducing anxiety,37,46 these effects were not greater 
than those found in the control group. Similarly, although 
the included studies observed a positive effect of HIIT on 
the reduction of depressive symptoms,37,41–45 HIIT was not 
more effective than the control group in reducing these 
symptoms in three studies.37,43,44 Other studies have not 
found a positive effect of HIIT on depressive37 and anxiety 
symptoms.25,42,44,45 Therefore, we did not find convincing 
evidence for a positive effect of HIIT on depressive and 
anxiety symptoms in healthy individuals. This is contrary 
to the findings of a meta-analysis that investigated the 

T A B L E  3   Subgroup analyses of HIIT effects on anxiety symptoms compared to the control group.

Meta-analysis Subgroup difference

Analysis k SMD 95% CI I2 p value I2

Main Effect

Anxiety symptoms 5 −0.17 (−0.53, 0.09) 0% NA NA

HIIT Characteristics

Modality

Running 2 −0.07 (−2.24, 2.11) 21% 0.51 0%

Circuit training 3 −0.24 (−1.11, 0.63) 0%

Duration

≤ 6 weeks 3 −0.25 (−1.17, 0.68) 20% 0.49 0%

> 6 weeks 2 −0.07 (−1.92, 1.79) 0%

Frequency

≤ 3 sessions/week 5 −0.17 (−0.53, 0.09) 0% NA NA

> 3 sessions/week 0 NA NA NA

Abbreviations: CI, confidence interval; k, number of RCTs; NA, not applicable; SMD, standard mean difference.
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effects of HIIT on the mental health of healthy or physi-
cally ill individuals,26 which indicated that HIIT improved 
depressive symptoms.

A possible explanation for the lack of an effect may be 
related to the fact that HIIT exacerbates a physiological 
response similar to psychological stressors, decreasing the 
body's ability to regulate its physiological response to other 
stressful events, and generating an increase in the percep-
tion of stress and anxiety.37,45 Considering that in addition 
to not improving depressive symptoms,37 two other stud-
ies showed that HIIT did not promote a reduction in the 
perception of stress25 and anxiety,42 this hypothesis may 
be plausible. However, it is possible that the results were 
influenced by the duration of the HIIT program, as a lon-
ger HIIT program (over 7 weeks) may be more effective 
in promoting mental health benefits.26,28 Additionally, 
the absence of changes in anxiety symptoms may be due 
to a “ground effect.”47 This means that the severity of de-
pressive and anxiety symptoms is higher in clinical pop-
ulations, which creates more room for reduction than in 
healthy populations.9 Therefore, despite the popularity of 
HIIT, this exercise modality may not be the most effective 
way to reduce anxiety26,37 and depressive symptoms in 
healthy individuals.

Despite this, studies have suggested the potential of 
HIIT to improve physical and mental health.17,48 Some 
findings from the studies included in this review par-
tially corroborate these reports. Eight-week HIIT in-
terventions promoted an increase in cardiorespiratory 
fitness25 and had a moderate effect on upper-body muscle 
fitness.25 Additionally, changes in cardiorespiratory fit-
ness are associated with improvements in cognitive func-
tion.25 Although they are not related to the reduction of 
depressive or anxiety symptoms,25 these results may be 

important given the evidence of an inverse linear associ-
ation between increased cardiorespiratory fitness and the 
incidence of common mental disorders.49,50 Furthermore, 
HIIT may have a positive influence on other aspects of 
mental health in addition to symptoms of anxiety and de-
pression. Evidence from systematic reviews indicates that 
HIIT has a small chronic effect on improving well-being 
and reducing malaise18 as well as a positive effect on ex-
ecutive function in healthy individuals,18,51 in addition to 
improving the well-being, and severity of depression26 in 
populations with physical illness.

Furthermore, we performed subgroup analyses to 
evaluate the potential moderators of the effects of HIIT 
on depressive and anxiety symptoms, including mo-
dality, weekly frequency, and duration of intervention. 
Unexpectedly, our results showed that interventions 
lasting less than 6 weeks exhibited a greater reduction 
in depressive symptoms than those lasting more than 
6 weeks. However, certain studies included in the sub-
group analyses have presented a lack of proportional-
ity with exceptionally large effect sizes compared to a 
non-exercise control group.41,45 For instance, the study 
conducted by Paolucci et  al.45 reported virtually iden-
tical average scores on the BDI-II scale before and after 
the intervention for the HIIT group, indicating no sig-
nificant change in depressive symptoms (13.2 ± 9.5 vs. 
12.2 ± 6.2; MD = −1.41 ± 9.02), both below the threshold 
of “14” points associated with mild depressive symptoms. 
Curiously, the randomly assigned control group, initially 
categorized as only “mildly” depressed (16.7 ± 9.5), ex-
perienced a moderate increase in depressive symptoms 
within 6 weeks (23.1 ± 11.7), despite no apparent reason 
being provided. This effect (MD = 5.82 ± 8.22) exceeded 
the magnitude typically deemed clinically significant 

T A B L E  4   Subgroup analyses of HIIT effects on depressive symptoms compared to the control group.

Meta-analysis Subgroup difference

Analysis k SMD 95% CI I2 p value I2

Main Effect

Depressive symptoms 4 −0.38 (−1.06, 0.30) 47% NA NA

HIIT Characteristics

Modality

Running 2 −0.31 (−6.52, 5.90) 78% 0.86 47%

Circuit training 2 −0.40 (−2.54, 1.73) 0%

Duration

≤ 6 weeks 2 −0.78 (−1.40, −0.15) 0% <0.01 47%

> 6 weeks 2 −0.14 (−3.03, 2.74) 50%

Frequency

≤ 3 sessions/week 4 −0.38 (−1.06, 0.30) 47% NA NA

> 3 sessions/week 0 NA NA NA

Abbreviations: CI, interval confidence; k, number of RCTs; NA, not applicable; SMD, standard mean difference.
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(e.g., a 3-point change on the BDI-II, approximately 
+1 point per week) and notably occurred without a 
corresponding observable change in anxiety or stress 
levels.45 Consequently, a mechanistic explanation that 
adequately accounts for the magnitude of this effect size 
remains elusive, raising concerns about the plausibil-
ity of this result and emphasizing the need for cautious 
interpretation.

Additionally, our analyses did not indicate signif-
icant effects of the frequency and modality of HIIT 
interventions on depressive and anxiety symptoms. 
Although the included studies used different HIIT mo-
dalities (running, a combination of aerobic and resis-
tance exercises, and circuit training), meta-analytical 

evidence suggests that the type of HIIT modality has 
no effect on mental health outcomes,26 which is simi-
lar to the results of our meta-analysis. However, there 
is considerable inconsistency in the assessment of the 
training intensity during HIIT sessions. The lack of ad-
equate monitoring of exercise intensity may lead to an 
overestimation of the actual intensity achieved by par-
ticipants during periods of high-intensity exercise. This 
failure to implement HIIT can obscure the phenomenon 
wherein participants fail to adhere to the prescribed 
high-intensity protocol, resulting in exercise at an in-
tensity lower than the intended level.52 Therefore, it is 
important to ensure that exercise intensity monitoring 
is accurately and comprehensively reported in studies 

F I G U R E  4   Judgment of the authors 
about each risk of bias item for each 
included study.
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that involve HIIT protocols.52 In addition, it is import-
ant to investigate which characteristics of HIIT can be 
manipulated to promote mental health, and to assess the 
possible mechanisms underlying the effects of physical 
exercise on symptoms of anxiety and depression.

One of the main advantages of HIIT is related to the 
relatively short duration of training sessions, in some 
cases performed between 8 and 12 minutes,25 resulting 
in physiological adaptations comparable to those ob-
tained in longer training sessions, as is the case of con-
tinuous training of moderate intensity.25,53 However, the 
preliminary results of our complementary analyses did 
not demonstrate the superiority of HIIT over MIT in re-
ducing depressive and anxiety symptoms. Therefore, it 
seems necessary to consider holistic approaches that not 
only focus on the questionable time-efficiency benefits of 
HIIT, but also consider other motivational, psychological, 
and contextual factors that affect engagement in physical 
activities.54 Understanding the complexity of these factors 
and developing personalized motivational and behavioral 
change strategies can be crucial in promoting an active 
and healthy lifestyle. Claims suggesting the absolute supe-
riority of HIIT over continuous moderate-intensity exer-
cise may be premature, especially in the absence of strong 
evidence to support them.54 Further research, including 
large randomized studies with long-term follow-up, is 
needed to fully understand the effectiveness and benefits 
of HIIT on mental health.

In addition, findings from the existing literature on 
HIIT suggest that when participants transition to unsu-
pervised settings, exercise intensity tends to be reduced, 
or they switch to alternative exercise modalities or discon-
tinue exercising altogether.22 This behavioral pattern has 
been observed in several randomized controlled trials in 
which adherence and dropout were the primary outcome 
measures.55–57 These outcomes are consistent with inves-
tigations that have shown a negative association between 
higher exercise intensity and a decline in adherence and/
or increase in dropout rates.22 The lack of full and par-
tial adherence highlights the challenge of maintaining 

consistency in this type of exercise program, particularly 
in the absence of ongoing support.22,55 Therefore, when 
evaluating the effectiveness of HIIT in the context of 
public health, it is crucial to consider not only short-term 
physiological adaptations but also long-term behavioral 
change.22 Particularly, attention should also be directed 
towards assessing its effectiveness in improving mental 
health indicators, such as depressive and anxiety symp-
toms. Additionally, further examination of individual 
differences in tolerance and acceptance of HIIT is nec-
essary to develop personalized approaches that consider 
participants' preferences and limitations. Conducting rig-
orous and long-term research is essential to adequately as-
sess the benefits and barriers related to HIIT and inform 
evidence-based public policies and exercise guidelines.58

4.1  |  Limitations and implications for 
research and practice

This review has some limitations. First, few RCTs have 
evaluated the effects of HIIT on depressive and anxiety 
symptoms. The small number of high-quality studies is 
one of the main limitations of the field of physical activ-
ity and mental health research.59 In addition, the small 
number of RCTs made it impossible to perform comple-
mentary analyses that our protocol had planned (e.g., 
publication bias analysis and meta-regression). Subgroup 
analyses considering participant characteristics (e.g., sex, 
age, and symptom severity) were also not performed. HIIT 
is a broad term with significant heterogeneity among pro-
tocols, which can create “noise” and negatively influence 
findings, especially with few RCTs in the analysis. We 
also do not consider the gray literature, which can favor 
publication bias and a less balanced view of the evidence. 
Thus, caution is needed when interpreting the strength 
of the evidence summarized in this review. The risk of 
bias found in the included RCTs limited our confidence 
in the potential effects of HIIT on depression and anxiety 
symptoms.

F I G U R E  5   Summary of the 
judgments of the authors on each domain 
of risk of bias presented as percentages 
based in included studies.
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Most studies were rated as having “some concerns” 
about bias due to inadequate reporting. Insufficient 
details regarding the methods and results, unclear 
statements regarding primary and secondary outcome 
variables, and the absence of a protocol with prior infor-
mation on study conduct were among the identified con-
cerns. When a published protocol was available, most 
studies failed to provide specific information regarding 
statistical planning. The lack of pre-specification and 
the selective reporting of results fall under the category 
of “researcher degrees of freedom”,60 which refers to 
the various choices made by researchers during the de-
sign, execution, and analysis of an experiment that can 
influence the study outcomes and cause bias.61 These 
practices may be considered questionable statistical 
practices that researchers may employ to obtain the de-
sired outcomes.62

When interpreting the findings of studies on affective 
and psychological responses to HIIT, it is important to 
consider methodological aspects and evaluate the plausi-
bility of the presented conclusions.52 Most studies on the 
impact of HIIT on depressive and anxiety symptoms have 
used small samples with relatively short intervention peri-
ods. Given that low statistical power can compromise the 
validity of the results and lead to erroneous conclusions,63 
generalizing the findings of small RCTs can be problem-
atic. Therefore, attention to methodological details and a 
more rigorous critical analysis of the studies are needed to 
ensure the reliability of the results and reproducibility of 
research on HIIT.52

We suggest that future RCTs should consider using 
standardized guidelines for conducting and reporting ex-
ercise interventions, such as the Consolidated Standards 
of Reporting Trials (CONSORT)64 and Consensus on 
Exercise Reporting Template (CERT).65 Adherence to the 
CONSORT and CERT recommendations can enhance the 
reliability and validity of RCT results, in addition to pro-
viding more consistent information for use in systematic 
reviews or replication in clinical practice.64,65 We empha-
size the ongoing need to adhere to rigorous scientific writ-
ing standards. The studies examining HIIT could provide 
valuable insights if researchers embrace more rigorous 
and transparent approaches to minimize bias and maxi-
mize the validity of the results. In addition, a methodol-
ogy checklist was developed52 that can help researchers 
understand and evaluate HIIT studies. The biases iden-
tified in the studies included in this review should be 
minimized in future research to improve methodological 
quality and provide more consistent evidence. Despite 
these limitations, the results summarized in this system-
atic review and meta-analysis extend the current knowl-
edge on the effects of HIIT on mental health and present 
some strengths to be considered.T
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5   |   CONCLUSION

This review provides evidence that HIIT has no signifi-
cant effect on reducing depressive and anxiety symptoms 
in healthy individuals compared with a passive control 
group. Our results show that HIIT did not significantly al-
leviate these symptoms. Therefore, the evidence is still not 
consistent enough to provide support for HIIT to reduce 
both outcomes owing to the limited number of studies in-
cluded and the overall quality of evidence.

6   |   PERSPECTIVE

Although the literature on HIIT suggests that this mo-
dality is a potent stimulus for various health benefits, it 
is important to consider the limitations and challenges 
associated with its implementation in public health set-
tings and ensure that the evidence is consistent with the 
“extraordinary nature of the claims.”62 We did not find 
consistent enough evidence to suggest HIIT as a viable 
public health strategy targeting the symptoms of anxiety 
and depression in healthy populations. The main issues 
that limit our confidence in HIIT involve the three points 
discussed earlier by Biddle & Batterham:66 (i) studies 
with small samples and “some concerns” about the risk 
of bias; (ii) insufficient follow-up time to determine long-
term effects on depressive and anxiety symptoms; and (iii) 
problems related to adherence. The lack of long-term data 
on adherence and dropout rates may compromise the ef-
fectiveness of HIIT as a sustainable physical activity pro-
motion strategy.22,66 Therefore, we provide preliminary 
evidence that advances the understanding of the impact 
of HIIT on mental health, indicating that this modality 
may not be the most effective way to reduce depressive 
and anxiety symptoms in healthy individuals.

AUTHOR CONTRIBUTIONS
All the authors contributed substantially to this study. 
Gaia J.W.P designed the systematic review, participated in 
the screening of studies, assessed the risk of bias and the 
certainty of the evidence, performed data extraction and 
statistical analysis, and wrote the manuscript; Ferreira 
V.M.S was one of the independent reviewers for the title, 
abstract, and full-text screening. Ferreira R.W was one of 
the independent reviewers in assessing the risk of bias. 
Sousa E.L was an independent reviewer in assessing the 
certainty of evidence and performed the data extraction. 
Schuch F.B. revised the manuscript and provided critical 
evaluations. Pires D.A. supervised all steps, participated 
in the study design, revised the manuscript, and provided 
critical evaluations. All authors have contributed to, read, 
and approved the final manuscript.

ACKNOWLEDGEMENTS
We acknowledge the following researchers for providing 
additional information on their trials: Eather, N., Heisz, 
J.J., and Zhang, Y.

FUNDING INFORMATION
This study was partly financed by the Federal University 
of Pará (UFPA/PROPESP/PAPQ).

CONFLICT OF INTEREST STATEMENT
All authors declare that there are no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data supporting the findings of this study are available 
from the corresponding author upon reasonable request.

ORCID
Jhonatan Wélington Pereira Gaia   https://orcid.
org/0000-0003-0918-5542 
Felipe Barreto Schuch   https://orcid.
org/0000-0002-5190-4515 
Rodrigo Weyll Ferreira   https://orcid.
org/0000-0002-5317-1781 
Edielen de Lima Souza   https://orcid.
org/0000-0002-5578-6659 
Verônica Moreira Souto Ferreira   https://orcid.
org/0000-0002-1560-5120 
Daniel Alvarez Pires   https://orcid.
org/0000-0003-2163-5606 

REFERENCES
	 1.	 WHO. Depression and Other Common Mental Disorders: Global 

Health Estimates. World Health Organization; 2017.
	 2.	 Haller H, Cramer H, Lauche R, Gass F, Dobos GJ. The prev-

alence and burden of subthreshold generalized anxiety dis-
order: a systematic review. BMC Psychiatry. 2014;14(1):1-13. 
doi:10.1186/1471-244x-14-128

	 3.	 Wesseihoeft R, Sørensen MJ, Heiervang ER, Bilenberg N. 
Subthreshold depression in children and adolescents–a sys-
tematic review. J Affect Disord. 2013;151(1):7-22. doi:10.1016/j.
jad.2013.06.010

	 4.	 Jinnin R, Okamoto Y, Takagaki K, et al. Detailed course of de-
pressive symptoms and risk for developing depression in late 
adolescents with subthreshold depression: a cohort study. 
Neuropsychiatr Dis Treat. 2017;13:25-33. doi:10.2147/ndt.s117846

	 5.	 Hu MX, Turner D, Generaal E, et  al. Exercise interventions 
for the prevention of depression: a systematic review of meta-
analyses. BMC Public Health. 2020;20(1):1255. doi:10.1186/
s12889-020-09323-y

	 6.	 Pascoe MC, Bailey AP, Craike M, et  al. Physical activity and 
exercise in youth mental health promotion: a scoping review. 
BMJ Open Sport Exerc Med. 2020;6(1):e000677. doi:10.1136/
bmjsem-2019-000677

	 7.	 Biddle SJH, Ciaccioni S, Thomas G, Vergeer I. Physical activ-
ity and mental health in children and adolescents: an updated 

https://orcid.org/0000-0003-0918-5542
https://orcid.org/0000-0003-0918-5542
https://orcid.org/0000-0003-0918-5542
https://orcid.org/0000-0002-5190-4515
https://orcid.org/0000-0002-5190-4515
https://orcid.org/0000-0002-5190-4515
https://orcid.org/0000-0002-5317-1781
https://orcid.org/0000-0002-5317-1781
https://orcid.org/0000-0002-5317-1781
https://orcid.org/0000-0002-5578-6659
https://orcid.org/0000-0002-5578-6659
https://orcid.org/0000-0002-5578-6659
https://orcid.org/0000-0002-1560-5120
https://orcid.org/0000-0002-1560-5120
https://orcid.org/0000-0002-1560-5120
https://orcid.org/0000-0003-2163-5606
https://orcid.org/0000-0003-2163-5606
https://orcid.org/0000-0003-2163-5606
https://doi.org//10.1186/1471-244x-14-128
https://doi.org//10.1016/j.jad.2013.06.010
https://doi.org//10.1016/j.jad.2013.06.010
https://doi.org//10.2147/ndt.s117846
https://doi.org//10.1186/s12889-020-09323-y
https://doi.org//10.1186/s12889-020-09323-y
https://doi.org//10.1136/bmjsem-2019-000677
https://doi.org//10.1136/bmjsem-2019-000677


      |  15 of 17GAIA et al.

review of reviews and an analysis of causality. Psychol Sport 
Exerc. 2019;42:146-155. doi:10.1016/j.psychsport.2018.08.011

	 8.	 Catalan-Matamoros D, Gomez-Conesa A, Stubbs B, 
Vancampfort D. Exercise improves depressive symptoms in 
older adults: an umbrella review of systematic reviews and 
meta-analyses. Psychiatry Res. 2016;244:202-209. doi:10.1016/j.
psychres.2016.07.028

	 9.	 Rebar AL, Stanton R, Geard D, Short C, Duncan MJ, 
Vandelanotte C. A meta-meta-analysis of the effect of physical 
activity on depression and anxiety in non-clinical adult popula-
tions. Health Psychol Rev. 2015;9(3):366-378. doi:10.1080/17437
199.2015.1022901

	10.	 Schuch FB, Vancampfort D, Firth J, et al. Physical activity and 
incident depression: a meta-analysis of prospective cohort stud-
ies. Am J Psychiatry. 2018;175(7):631-648. doi:10.1176/appi.
ajp.2018.17111194

	11.	 Schuch FB, Stubbs B, Meyer J, et al. Physical activity protects 
from incident anxiety: a meta-analysis of prospective cohort 
studies. Depress Anxiety. 2019;36(9):846-858. doi:10.1002/
da.22915

	12.	 Chan JSY, Liu G, Liang D, Deng K, Wu J, Yan JH. Special issue–
therapeutic benefits of physical activity for mood: a systematic 
review on the effects of exercise intensity, duration, and modal-
ity. J Psychol Interdiscip Appl. 2019;153(1):102-125. doi:10.1080/
00223980.2018.1470487

	13.	 Ramos-Sanchez CP, Schuch FB, Seedat S, et  al. The anx-
iolytic effects of exercise for people with anxiety and re-
lated disorders: an update of the available meta-analytic 
evidence. Psychiatry Res. 2021;302:114046. doi:10.1016/j.
psychres.2021.114046

	14.	 Schuch FB, Vancampfort D, Richards J, Rosenbaum S, 
Ward PB, Stubbs B. Exercise as a treatment for depression: a 
meta-analysis adjusting for publication bias. J Psychiatr Res. 
2016;77:42-51. doi:10.1016/j.jpsychires.2016.02.023

	15.	 Gordon BR, McDowell CP, Lyons M, Herring MP. The effects 
of resistance exercise training on anxiety: a meta-analysis 
and meta-regression analysis of randomized controlled tri-
als. Sports Med. 2017;47(12):2521-2532. doi:10.1007/s402​
79-017-0769-0

	16.	 Gordon BR, McDowell CP, Hallgren M, Meyer JD, Lyons M, 
Herring MP. Association of efficacy of resistance exercise training 
with depressive symptoms meta-analysis and meta-regression: 
analysis of randomized clinical trials. JAMA Psychiatry. 
2018;75(6):566-576. doi:10.1001/jamapsychiatry.2018.0572

	17.	 Costigan SA, Eather N, Plotnikoff RC, Hillman CH, Lubans DR. 
High-intensity interval training for cognitive and mental health 
in adolescents. Med Sci Sports Exerc. 2016;48(10):1985-1993. 
doi:10.1249/mss.0000000000000993

	18.	 Leahy AA, Mavilidi MF, Smith JJ, et al. Review of high-intensity 
interval training for cognitive and mental health in youth. 
Med Sci Sports Exerc. 2020;52(10):2224-2234. doi:10.1249/
mss.0000000000002359

	19.	 Lubans D, Richards J, Hillman C, et  al. Physical activity for 
cognitive and mental health in youth: a systematic review of 
mechanisms. Pediatrics. 2016;138(3):48-56. doi:10.1542/peds.​
2016-1642

	20.	 Buchheit M, Laursen PB. High-intensity interval training, solu-
tions to the programming puzzle: part II: anaerobic energy, 
neuromuscular load and practical applications. Sports Med. 
2013;43(10):927-954. doi:10.1007/s40279-013-0066-5

	21.	 Gibala MJ, McGee SL. Metabolic adaptations to short-
term high-intensity interval training: a little pain for a lot 
of gain? Exerc Sport Sci Rev. 2008;36(2):58-63. doi:10.1097/
jes.0b013e318168ec1f

	22.	 Ekkekakis P, Biddle SJH. Extraordinary claims in the literature 
on high-intensity interval training (HIIT): IV. Is HIIT associ-
ated with higher long-term exercise adherence? Psychol Sport 
Exerc. 2023;64:102295. doi:10.1016/j.psychsport.2022.102295

	23.	 Martland R, Mondelli V, Gaughran F, Stubbs B. Can high-
intensity interval training improve physical and mental health 
outcomes? A meta-review of 33 systematic reviews across the 
lifespan. J Sports Sci. 2020;38(4):430-469. doi:10.1080/02640414  
.2019.1706829

	24.	 Costigan SA, Eather N, Plotnikoff RC, et  al. Preliminary effi-
cacy and feasibility of embedding high intensity interval train-
ing into the school day: a pilot randomized controlled trial. Prev 
Med Rep. 2015;2:973-979. doi:10.1016/j.pmedr.2015.11.001

	25.	 Eather N, Riley N, Miller A, et  al. Efficacy and feasibility of 
HIIT training for university students: the Uni-HIIT RCT. J Sci 
Med Sport. 2019;22(5):596-601. doi:10.1016/j.jsams.2018.11.016

	26.	 Martland R, Korman N, Firth J, Vancampfort D, Thompson T, 
Stubbs B. Can high-intensity interval training improve men-
tal health outcomes in the general population and those with 
physical illnesses? A systematic review and meta-analysis. Br J 
Sports Med. 2021;56:103984. doi:10.1136/bjsports-2021-103984

	27.	 Korman N, Armour M, Chapman J, et al. High intensity interval 
training (HIIT) for people with severe mental illness: a system-
atic review & meta-analysis of intervention studies– considering 
diverse approaches for mental and physical recovery. Psychiatry 
Res. 2020;284:112601. doi:10.1016/j.psychres.2019.112601

	28.	 Martland R, Mondelli V, Gaughran F, Stubbs B. Can high in-
tensity interval training improve health outcomes among peo-
ple with mental illness? A systematic review and preliminary 
meta-analysis of intervention studies across a range of men-
tal illnesses. J Affect Disord. 2020;263:629-660. doi:10.1016/j.
jad.2019.11.039

	29.	 You Y, Li W, Liu J, Li X, Fu Y, Ma X. Bibliometric review to 
explore emerging high-intensity interval training in health pro-
motion: a new century picture. Front Public Health. 2021;9:1-
17. doi:10.3389/fpubh.2021.697633

	30.	 Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook 
for Systematic Reviews of Interventions. John Wiley & Sons; 
2019. doi:10.1002/9781119536604

	31.	 Page MJ, Moher D, Bossuyt PM, et al. PRISMA 2020 explana-
tion and elaboration: updated guidance and exemplars for re-
porting systematic reviews. BMJ. 2021;372:1-37. doi:10.1136/
bmj.n160

	32.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic re-
views. BMJ. 2021;372:n71. doi:10.1136/bmj.n71

	33.	 Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for as-
sessing risk of bias in randomised trials. BMJ. 2019;366:14898. 
doi:10.1136/bmj.l4898

	34.	 Knapp G, Hartung J. Improved tests for a random effects meta-
regression with a single covariate. Stat Med. 2003;22(17):2693-
2710. doi:10.1002/sim.1482

	35.	 Veroniki AA, Jackson D, Bender R, et al. Methods to calculate 
uncertainty in the estimated overall effect size from a random-
effects meta-analysis. Res Synth Methods. 2019;10(1):23-43. 
doi:10.1002/jrsm.1319

https://doi.org//10.1016/j.psychsport.2018.08.011
https://doi.org//10.1016/j.psychres.2016.07.028
https://doi.org//10.1016/j.psychres.2016.07.028
https://doi.org//10.1080/17437199.2015.1022901
https://doi.org//10.1080/17437199.2015.1022901
https://doi.org//10.1176/appi.ajp.2018.17111194
https://doi.org//10.1176/appi.ajp.2018.17111194
https://doi.org//10.1002/da.22915
https://doi.org//10.1002/da.22915
https://doi.org//10.1080/00223980.2018.1470487
https://doi.org//10.1080/00223980.2018.1470487
https://doi.org//10.1016/j.psychres.2021.114046
https://doi.org//10.1016/j.psychres.2021.114046
https://doi.org//10.1016/j.jpsychires.2016.02.023
https://doi.org//10.1007/s40279-017-0769-0
https://doi.org//10.1007/s40279-017-0769-0
https://doi.org//10.1001/jamapsychiatry.2018.0572
https://doi.org//10.1249/mss.0000000000000993
https://doi.org//10.1249/mss.0000000000002359
https://doi.org//10.1249/mss.0000000000002359
https://doi.org//10.1542/peds.2016-1642
https://doi.org//10.1542/peds.2016-1642
https://doi.org//10.1007/s40279-013-0066-5
https://doi.org//10.1097/jes.0b013e318168ec1f
https://doi.org//10.1097/jes.0b013e318168ec1f
https://doi.org//10.1016/j.psychsport.2022.102295
https://doi.org//10.1080/02640414.2019.1706829
https://doi.org//10.1080/02640414.2019.1706829
https://doi.org//10.1016/j.pmedr.2015.11.001
https://doi.org//10.1016/j.jsams.2018.11.016
https://doi.org//10.1136/bjsports-2021-103984
https://doi.org//10.1016/j.psychres.2019.112601
https://doi.org//10.1016/j.jad.2019.11.039
https://doi.org//10.1016/j.jad.2019.11.039
https://doi.org//10.3389/fpubh.2021.697633
https://doi.org//10.1002/9781119536604
https://doi.org//10.1136/bmj.n160
https://doi.org//10.1136/bmj.n160
https://doi.org//10.1136/bmj.n71
https://doi.org//10.1136/bmj.l4898
https://doi.org//10.1002/sim.1482
https://doi.org//10.1002/jrsm.1319


16 of 17  |      GAIA et al.

	36.	 Cornell JE, Mulrow CD, Localio R, et al. Random-effects meta-
analysis of inconsistent effects: a time for change. Ann Intern 
Med. 2014;160(4):267-270. doi:10.7326/m13-2886

	37.	 Lucibello KM, Paolucci EM, Graham JD, Heisz JJ. A random-
ized control trial investigating high-intensity interval training 
and mental health: a novel non-responder phenotype related 
to anxiety in young adults. Ment Health Phys Act. 2020;18:18. 
doi:10.1016/j.mhpa.2020.100327

	38.	 Cohen J. Statistical Power Analysis for the Behavioural Science. 
2nd ed. Lawrence Erlbaum Associates; 1988.

	39.	 Schwarzer G, Carpenter JR, Rücker G. Meta-Analysis with 
R. Springer International Publishing; 2015. doi:10.1007/​
978-3-319-21416-0

	40.	 Guyatt G, Oxman AD, Akl EA, et  al. GRADE guidelines: 1. 
Introduction—GRADE evidence profiles and summary of find-
ings tables. J Clin Epidemiol. 2011;64(4):383-394. doi:10.1016/j.
jclinepi.2010.04.026

	41.	 Alonso-Fernández D, Fernández-Rodríguez R, Taboada-
Iglesias Y, Gutiérrez-Sánchez Á. Impact of high-intensity in-
terval training on body composition and depressive symptoms 
in adults under home confinement. Int J Environ Res Public 
Health. 2022;19(10):6145. doi:10.3390/ijerph19106145

	42.	 Philippot A, Moulin P, Charon MH, et  al. Feasibility of on-
line high-intensity interval training (HIIT) on psychological 
symptoms in students in lockdown during the COVID-19 pan-
demic: a randomized controlled trial. Front Psych. 2022;13:1-10. 
doi:10.3389/fpsyt.2022.904283

	43.	 Puterman E, Hives B, Mazara N, et  al. COVID-19 pandemic 
and exercise (COPE) trial: a multigroup pragmatic randomised 
controlled trial examining effects of app-based at-home ex-
ercise programs on depressive symptoms. Br J Sports Med. 
2022;56(10):546-552. doi:10.1136/bjsports-2021-104379

	44.	 May RW, Seibert GS, Sanchez-Gonzalez MA, Fincham FD. 
Self-regulatory biofeedback training: an intervention to re-
duce school burnout and improve cardiac functioning in col-
lege students. Stress. 2019;22(1):1-8. doi:10.1080/10253890.20
18.1501021

	45.	 Paolucci EM, Loukov D, Bowdish DME, Heisz JJ. Exercise re-
duces depression and inflammation but intensity matters. Biol 
Psychol. 2018;133:79-84. doi:10.1016/j.biopsycho.2018.01.015

	46.	 Zhang Y, Zhang B, Gan L, et al. Effects of online bodyweight 
high-intensity interval training intervention and health edu-
cation on the mental health and cognition of sedentary young 
females. Int J Environ Res Public Health. 2021;18(1):1-15. 
doi:10.3390/ijerph18010302

	47.	 Viana RB, Gentil P, Naves JPA, et al. Interval training improves 
depressive symptoms but not anxious symptoms in healthy 
women. Front Psych. 2019;10:1-8. doi:10.3389/fpsyt.2019.00661

	48.	 Kilpatrick MW, Jung ME, Little JP. High-intensity interval 
training: A review of physiological and psychological re-
sponses. ACSMs Health Fit J. 2014;18(5):11-16. doi:10.1249/
fit.0000000000000067

	49.	 Kandola A, Ashdown-Franks G, Stubbs B, Osborn DPJ, Hayes 
JF. The association between cardiorespiratory fitness and the 
incidence of common mental health disorders: a systematic 
review and meta-analysis. J Affect Disord. 2019;257:748-757. 
doi:10.1016/j.jad.2019.07.088

	50.	 Shigdel R, Stubbs B, Sui X, Ernstsen L. Cross-sectional and 
longitudinal association of non-exercise estimated cardiore-
spiratory fitness with depression and anxiety in the general 

population: the HUNT study. J Affect Disord. 2019;252:122-129. 
doi:10.1016/j.jad.2019.04.016

	51.	 Hsieh SS, Chueh TY, Huang CJ, et  al. Systematic review of 
the acute and chronic effects of high-intensity interval train-
ing on executive function across the lifespan. J Sports Sci. 
2021;39(1):10-22. doi:10.1080/02640414.2020.1803630

	52.	 Ekkekakis P, Hartman ME, Ladwig MA. A methodological 
checklist for studies of pleasure and enjoyment responses to 
high-intensity interval training: part II. Intensity, timing of 
assessments, data modeling, and interpretation. J Sport Exerc 
Psychol. 2023;45(2):92-109. doi:10.1123/jsep.2022-0029

	53.	 Borrega-Mouquinho Y, Sánchez-Gómez J, Fuentes-García JP, 
Collado-Mateo D, Villafaina S. Effects of high-intensity interval 
training and moderate-intensity training on stress, depression, 
anxiety, and resilience in healthy adults during coronavirus 
disease 2019 confinement: a randomized controlled trial. Front 
Psychol. 2021;12:643069. doi:10.3389/fpsyg.2021.643069

	54.	 Ekkekakis P, Vallance J, Wilson PM, Ewing GC. Extraordinary 
claims in the literature on high-intensity interval train-
ing (HIIT): III. Critical analysis of four foundational argu-
ments from an interdisciplinary lens. Psychol Sport Exerc. 
2023;66:102399. doi:10.1016/j.psychsport.2023.102399

	55.	 Jung ME, Locke SR, Bourne JE, et al. Cardiorespiratory fitness 
and accelerometer-determined physical activity following one 
year of free-living high-intensity interval training and moderate-
intensity continuous training: a randomized trial. Int J Behav 
Nutr Phys Act. 2020;17(1):25. doi:10.1186/s12966-020-00933-8

	56.	 Roy M, Williams SM, Brown RC, et al. High-intensity interval 
training in the real world: outcomes from a 12-month interven-
tion in overweight adults. Med Sci Sports Exerc. 2018;50(9):1818-
1826. doi:10.1249/mss.0000000000001642

	57.	 Stensvold D, Viken H, Steinshamn SL, et al. Effect of exercise 
training for five years on all cause mortality in older adults—
the generation 100 study: randomised controlled trial. BMJ. 
2020;371:3485. doi:10.1136/bmj.m3485

	58.	 Gray SR, Ferguson C, Birch K, Forrest LJ, Gill JMR. High-
intensity interval training: key data needed to bridge the 
gap from laboratory to public health policy. Br J Sports Med. 
2016;50(20):1231-1232. doi:10.1136/bjsports-2015-095705

	59.	 Carter T, Pascoe M, Bastounis A, Morres ID, Callaghan P, Parker 
AG. The effect of physical activity on anxiety in children and 
young people: a systematic review and meta-analysis. J Affect 
Disord. 2021;285:10-21. doi:10.1016/j.jad.2021.02.026

	60.	 Simmons JP, Nelson LD, Simonsohn U. False-positive psy-
chology. Psychol Sci. 2011;22(11):1359-1366. doi:10.1177/​09567​
97611417632

	61.	 George BJ, Beasley TM, Brown AW, et al. Common scientific and 
statistical errors in obesity research. Obesity. 2016;24(4):781-
790. doi:10.1002/oby.21449

	62.	 Ekkekakis P, Tiller NB. Extraordinary claims in the literature on 
high-intensity interval training: II. are the extraordinary claims 
supported by extraordinary evidence? Kinesiol Rev. 2022;1:1-14. 
doi:10.1123/kr.2022-0003

	63.	 Button KS, Ioannidis JPA, Mokrysz C, et al. Power failure: why 
small sample size undermines the reliability of neuroscience. 
Nat Rev Neurosci. 2013;14(5):365-376. doi:10.1038/nrn3475

	64.	 Moher D, Hopewell S, Schulz KF, et  al. CONSORT 2010 
Explanation and elaboration: updated guidelines for reporting 
parallel group randomised trials. BMJ. 2010;2010:340. doi:10.​
1136/​bmj.c869

https://doi.org//10.7326/m13-2886
https://doi.org//10.1016/j.mhpa.2020.100327
https://doi.org//10.1007/978-3-319-21416-0
https://doi.org//10.1007/978-3-319-21416-0
https://doi.org//10.1016/j.jclinepi.2010.04.026
https://doi.org//10.1016/j.jclinepi.2010.04.026
https://doi.org//10.3390/ijerph19106145
https://doi.org//10.3389/fpsyt.2022.904283
https://doi.org//10.1136/bjsports-2021-104379
https://doi.org//10.1080/10253890.2018.1501021
https://doi.org//10.1080/10253890.2018.1501021
https://doi.org//10.1016/j.biopsycho.2018.01.015
https://doi.org//10.3390/ijerph18010302
https://doi.org//10.3389/fpsyt.2019.00661
https://doi.org//10.1249/fit.0000000000000067
https://doi.org//10.1249/fit.0000000000000067
https://doi.org//10.1016/j.jad.2019.07.088
https://doi.org//10.1016/j.jad.2019.04.016
https://doi.org//10.1080/02640414.2020.1803630
https://doi.org//10.1123/jsep.2022-0029
https://doi.org//10.3389/fpsyg.2021.643069
https://doi.org//10.1016/j.psychsport.2023.102399
https://doi.org//10.1186/s12966-020-00933-8
https://doi.org//10.1249/mss.0000000000001642
https://doi.org//10.1136/bmj.m3485
https://doi.org//10.1136/bjsports-2015-095705
https://doi.org//10.1016/j.jad.2021.02.026
https://doi.org//10.1177/0956797611417632
https://doi.org//10.1177/0956797611417632
https://doi.org//10.1002/oby.21449
https://doi.org//10.1123/kr.2022-0003
https://doi.org//10.1038/nrn3475
https://doi.org//10.1136/bmj.c869
https://doi.org//10.1136/bmj.c869


      |  17 of 17GAIA et al.

	65.	 Slade SC, Dionne CE, Underwood M, Buchbinder R. Consensus 
on exercise reporting template (CERT): explanation and elab-
oration statement. Br J Sports Med. 2016;50(23):1428-1437. 
doi:10.1136/bjsports-2016-096651

	66.	 Biddle SJH, Batterham AM. High-intensity interval exercise 
training for public health: a big HIT or shall we HIT it on the 
head? Int J Behav Nutr Phys Act. 2015;12(1):1-8. doi:10.1186/
s12966-015-0254-9

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Gaia JWP, Schuch FB, 
Ferreira RW, Souza EdL, Ferreira VMS, Pires DA. 
Effects of high-intensity interval training on 
depressive and anxiety symptoms in healthy 
individuals: A systematic review and meta-analysis 
of randomized clinical trials. Scand J Med Sci 
Sports. 2024;34:e14618. doi:10.1111/sms.14618

https://doi.org//10.1136/bjsports-2016-096651
https://doi.org//10.1186/s12966-015-0254-9
https://doi.org//10.1186/s12966-015-0254-9
https://doi.org/10.1111/sms.14618

	Effects of high-­intensity interval training on depressive and anxiety symptoms in healthy individuals: A systematic review and meta-­analysis of randomized clinical trials
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Eligibility criteria
	2.2|Sources of information and search strategy
	2.3|Study selection process
	2.4|Data extraction process and synthesis method
	2.5|Assessment of risk of bias
	2.6|Measures of effect and data analysis
	2.7|Assessment of evidence certainty

	3|RESULTS
	3.1|Selection of studies
	3.2|Characteristics of the studies
	3.3|Effects of HIIT on anxiety symptoms
	3.4|Effects of HIIT on depressive symptoms
	3.5|Subgroup analyses
	3.5.1|HIIT and anxiety symptoms
	3.5.2|HIIT and depressive symptoms

	3.6|Risk of study bias
	3.7|Certainty of evidence

	4|DISCUSSION
	4.1|Limitations and implications for research and practice

	5|CONCLUSION
	6|PERSPECTIVE
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


