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A B S T R A C T

Objectives: Despite considerable evidence on high-intensity interval training (HIIT) for cardiovascular benefits, 
overlapping studies and lack of systematic synthesis hinder understanding of its full effects and optimal pre
scription. This umbrella review synthesizes evidence and summarizes the cardiovascular benefits of HIIT across 
diverse populations.
Methods: We searched Embase, PubMed, Web of Science, and Cochrane Library for systematic reviews and meta- 
analyses on effects of HIIT on cardiovascular health. Evidence was stratified by population type, overlapping 
evidence was handled by predefined criteria, quality was assessed using AMSTAR 2, and results were visualized 
using forest plots.
Results: Initially, 1017 studies were retrieved, of which 54 were included. The results revealed that HIIT 
significantly improved blood pressure (SBP: − 5.43 to − 2.73 mmHg; DBP: − 4.35 to − 2.41 mmHg), resting heart 
rate (− 4.35 to − 2.17 bpm), and left ventricular ejection fraction (3.51% to 5.52%). Compared with other ex
ercise modalities such as moderate-intensity continuous training, HIIT showed significant improvements in left 
ventricular ejection fraction (3.13% to 3.24%), left ventricular end-diastolic diameter (− 4.69 to − 2.55 mm), and 
flow-mediated dilation (0.35% to 2.57%), with comparable effects on blood pressure and heart rate.
Conclusion: HIIT demonstrates advantages over other exercise modalities in improving cardiac structure and 
volume, with comparable effects on blood pressure and heart rate. These benefits were observed across car
diovascular, metabolic, and apparently healthy populations. However, the current evidence does not support 
protocol-specific recommendations such as long-interval versus short-interval HIIT, and direct comparisons of 
different HIIT protocols are needed.

Abbreviations: HIIT, High-intensity interval training; LVEF, Left ventricular ejection fraction; LVM, Left ventricular mass; LVEDD, Left ventricular end-diastolic 
diameter; CIMT, Carotid intima-media thickness; LVEDV, Left ventricular end-diastolic volume; FMD, Flow-mediated dilation; CV, Cardiovascular; MICT, Moder
ate-intensity continuous training; T2DM, Type 2 diabetes mellitus; UR, Umbrella review; CAD, Coronary artery disease; HFrEF, Heart failure with reduced ejection 
fraction; HFpEF, Heart failure with preserved ejection fraction; HF, Heart failure; MIIT, Moderate-intensity interval training; MSD, Musculoskeletal disease; MIT, 
Moderate intensity training; HRR, Heart rate reserve; E/E′, Early diastolic mitral inflow velocity / Early diastolic mitral annular tissue velocity; E/A, Early diastolic 
mitral inflow velocity / Late diastolic mitral inflow velocity; DT, Deceleration time; CVD, Cardiovascular disease; MHR, Maximum heart rate; SHR, Submaximal heart 
rate; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; RHR, Resting heart rate; PHR, Peak heart rate.
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1. Introduction

High-intensity interval training (HIIT) is defined as stimulation 
above moderate intensity with some intervals,1 which, according to its 
specific protocol, is categorized into long-interval, short-interval, 
repeated-sprint, and sprint-interval training, and small-sided games.1,2

Many recent studies have assessed the effect of HIIT on cardiorespiratory 
capacity (VO2peak), metabolic function (e.g., fasting glucose, insulin), 
and fat reduction, accumulating substantial evidence. For example, an 
umbrella review (UR) considered HIIT to be more effective than 
no-exercise controls and moderate-intensity continuous training (MICT) 
in improving VO2peak in adults.3 Poon et al.4 also observed that HIIT can 
significantly improve indicators of glycemic control and cardiac meta
bolism (e.g., glycated hemoglobin, fasting insulin) in patients with type 
2 diabetes mellitus (T2DM). Another UR verified the effectiveness of 
HIIT in enhancing cardiovascular (CV)-metabolic health such as 
lowering blood pressure (BP), lipids, and low-density lipoprotein in 
adolescents and children, and recommended that HIIT be incorporated 
into physical activity promotion programs in schools and communities.5

However, an umbrella review of the effects of HIIT on CV structure and 
function, particularly across diverse populations, is lacking, and the 
study results are inconsistent.

Indicators of CV structure and function, such as left ventricular 
ejection fraction (LVEF), left ventricular end-diastolic volume (LVEDV), 
and left atrial volume index (LAVI) serve as important intermediate 
indicators of CV disease (CVD). In the physiopathology of CV events, risk 
factors cause changes in intermediate indicators and thus result in CV 
events. For example, hypertension leads to myocardial hypertrophy 
through neurohumoral and biomechanical processes, thus causing heart 
failure (HF), in which myocardial hypertrophy acts as an important 
intermediate indicator of HF.6 Relevant studies have noted that these 
intermediate indicators are closely linked to CVD morbidity and mor
tality,7 may be more informative than traditional indicators (e.g., 
myocardial infarction MI, death) in the assessment of cardiac function,8

and can be used as a reference and guide for predicting the future risk of 
CV events,9 becoming important research issues in clinical treatment 
and public health.

The effects of HIIT on CV structure and function have been massively 
examined in meta-analyses. One meta-analysis found that HIIT is more 
effective than other types of exercise such as MICT in improving LVEF in 
patients with HF with reduced ejection fraction,10 whereas Qin et al.11

argued that HIIT demonstrates no prominent advantages over other 
types of exercise in improving LVEF in post-MI patients. Existing 
research suggests that the effects of HIIT on CV structure and function 
may vary across populations.12,13 However, there is potential overlap 
across existing meta-analyses, and a systematic synthesis of the cardio
vascular benefits of HIIT, particularly across different populations, is 
currently lacking. Therefore, a higher-level synthesis that integrates 
evidence across existing meta-analyses and diverse populations is 
needed to provide a more comprehensive and reliable evidence base for 
clinical practice.

As an emerging study method, an UR allows systematic retrieval, 
screening, and synthesis of multiple systematic reviews and meta-ana
lyses14 to provide holistic judgments on specific scientific questions by 
comparing the conclusions across studies15 and obtain higher levels of 
evidence.16 Therefore, we conducted this UR to systematically reanalyze 
the available evidence on the effects of HIIT on CV health, with a focus 
on the HIIT benefits on CV health across populations. Moreover, we 
compared HIIT with other exercise strategies, such as MICT, to assess the 
relative advantage and potential of HIIT in improving CV health in
dicators (e.g., BP, heart rate [HR], and cardiac structure and function). 
The findings will offer evidence-based recommendations for the devel
opment of exercise prescriptions in clinical and public health settings 
and the updating of CV health-related guidelines, contributing to the use 
of more personalized and precise exercise intervention strategies.

2. Methods

2.1. Registration

We developed a pre-specified protocol for this umbrella review, 
which was registered with PROSPERO (International Prospective Reg
ister of Systematic Reviews, CRD420251027905).

2.2. Study search and screening

We systematically searched Embase, PubMed, Web of Science, and 
Cochrane Library for systematic reviews and meta-analyses on the ef
fects of HIIT on CV health up to March 2025. The detailed search strings 
are provided in Supplementary Table S1. Two investigators indepen
dently screened the title and abstract, and then reviewed the full text to 
include the eligible studies. Any discrepancy was settled by a third 
investigator.

2.3. Eligibility criteria

Meta-analyses of interventional studies were included, without re
striction on whether they were randomized trials; observational studies, 
pathology reports, and reviews were excluded. We excluded network 
meta-analyses because their results typically include both direct and 
indirect comparisons, and the inclusion of indirect evidence may affect 
the results of our umbrella review. The study population included 
healthy people and people with any type of disease. The intervention 
was clearly-defined HIIT; the type of HIIT was not defined, given that the 
included studies might contain multiple types of HIIT and not strictly 
restrict or categorize the type of HIIT. The comparisons included no 
exercise, conventional therapy (including medication, lifestyle in
terventions, or unstructured small-scale exercise), and other exercise, 
and the studies without these comparisons or without describing the 
specific comparison were excluded. The outcome metrics were in
dicators of CV structure and function: systolic BP (SBP), diastolic BP 
(DBP), resting HR (RHR), peak HR (PHR), LVEF, LVEDV, left ventricular 
end-diastolic diameter (LVEDD), carotid intima-media thickness 
(CIMT), and LAVI. Indicators of cardiorespiratory capacity (VO2peak) 
and metabolic health (HDL, LDL, and HOMA-IR) were excluded, as they 
reflect downstream metabolic or compensatory functional adaptations 
rather than direct measures of cardiac structural function.

2.4. Data extraction

Two investigators independently extracted the following data using a 
standardized data extraction form: first author, year of publication, 
study population, interventions, comparisons, outcome metrics, number 
of included studies, number of cases in the experimental and control 
groups (if applicable), I2 and P-values (Q-test), effect sizes and 95% 
confidence intervals (CIs), and P-values (Egger's test). Any discrepancies 
were resolved through discussion or by consulting a third investigator.

2.5. Quality assessment and evidence grading

Quality assessment was performed using A Measurement Tool to 
Assess Systematic Reviews 2 (AMSTAR 2), a validated and reliable in
strument designed to evaluate the methodological quality of systematic 
reviews, including those of interventional and observational studies.17

Unlike the original version, AMSTAR 2 consists of 16 domains and 
places greater emphasis on critical aspects such as protocol registration, 
justification for excluding individual studies, and assessment of risk of 
bias in primary studies. Two investigators independently performed the 
quality assessment, with any discrepancies resolved through discussion 
with a third investigator. Furthermore, the quality of evidence for each 
outcome was evaluated using the Grading of Recommendations, 
Assessment, Development and Evaluation (GRADE) approach.18,19 In 
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this umbrella review, GRADE was applied at the level of each pooled 
effect size derived from the included meta-analyses, rather than at the 
level of the meta-analyses themselves. For each outcome, the quality of 
evidence was rated based on the information reported in the original 
meta-analyses, including risk of bias, inconsistency (I2), imprecision 
(95% confidence intervals), and publication bias (Egger's test). This 
adaptation ensures that the GRADE assessment reflects the overall 
confidence in each pooled estimate, consistent with standard GRADE 
guidance for pairwise meta-analyses. Low- and very-low-quality evi
dence were not excluded from this umbrella review, as excluding them 
would limit the comprehensiveness of the synthesis. Moreover, GRADE 
ratings in exercise intervention research are often conservative due to 
inherent challenges such as lack of blinding and high protocol hetero
geneity. Therefore, all evidence was retained and interpreted with 
caution, with conclusions drawn primarily from the consistency of effect 
directions across studies.

2.6. Classification method for UR literature

Using the UR methods of Poole et al.20and Huang et al.,21 we first 
categorized the included studies by the study population (e.g., patient 
with heart failure, patient with myocardial infarction, patient with hy
pertension, patient with metabolic syndrome, and healthy children) and 
comparisons (e.g., no exercise, conventional therapy, and other exercise 
including MICT, moderate-intensity interval training MIIT, and 
moderate-intensity training MIT) to minimize overlapping of evidence. 
If multiple articles fall under the same category, only one will be 
selected. The selection is prioritized first by publication year; if the 
difference in publication years exceeds two years, the most recent article 
is chosen. Otherwise, the number of included primary studies is 
compared, with preference given to the article containing more primary 
studies. If the number of primary studies is identical, the AMSTAR 2 
assessment result is used to select the article with higher methodological 
quality. In addition, a meta-analysis could be categorized into multiple 
categories if it included multiple subgroups of different interventions or 
comparisons.

2.7. Statistical analysis

Due to some heterogeneity across meta-analyses in the characteris
tics of the study population, and specific intensity, frequency, and cycle 
of interventions and comparisons, we only extracted data from the 
pooled results of the final included meta-analyses. If a meta-analysis 
reports both random-effects and fixed-effects model results, we priori
tize the random-effects model unless there is strong homogeneity among 
the study populations, interventions, control measures, and outcome 
assessments, in which case we select the fixed-effects model results. 
Moreover, we will re-analyze the data if any studies with potentially 
outlier effect values are identified. For studies that inappropriately used 
a fixed-effects model, we will perform a re-analysis using a random- 
effects model instead.22 In the present study, no such instances were 
identified. Heterogeneity was assessed using the I2 statistic, with I2 >

75% considered considerable heterogeneity. In such cases, findings were 
interpreted with caution. Furthermore, all the evidence was divided into 
four categories according to the type of disease: CVD (e.g., HF, coronary 
heart disease), metabolic disease (e.g., T2DM, overweight, or obesity), 
musculoskeletal disease (MSD), and apparently healthy adults, adoles
cents, and children. For analysis, the 17 cardiovascular indicators were 
assessed, including blood pressure (SBP, DBP), heart rate (RHR, PHR, 
MHR, HRR, SHR), as well as cardiac structural and functional parame
ters (LVEF, LVEDV, LVEDD, LVM, CIMT, LAVI, E/A, E/E′, DT, FMD). The 
direction of effect sizes was standardized to ensure consistent clinical 
interpretation across outcomes. The effects of HIIT on CV outcomes 
versus other exercises were analyzed in each category, and the results 
were visualized by forest plots with the effect size, population, sample 
size, heterogeneity (I2), publication bias (P-value in Egger's test), and 

grade of evidence. The results of meta-analyses reporting standardized 
and unstandardized effect sizes (SMD and MD) were separately dis
played. MD was used when the original meta-analysis reported MD, and 
SMD was used when the original meta-analysis reported SMD.

3. Results

3.1. Included studies' characteristics

We initially retrieved 1017 studies. After screening based on the 
eligibility criteria, 54 studies were included (Fig. 1). After categorization 
according to the predefined criteria of the umbrella review, 33 articles 
were included in the final data analysis. Specifically, this umbrella re
view encompassed 17 indicators of cardiovascular structure and func
tion, yielding 88 distinct pooled effect sizes from the included meta- 
analyses (n = 40 blood pressure-related, n = 24 heart rate-related, 
and n = 27 cardiac structure/function-related). A summary of the 
included evidence by population category is presented in Table 1.

The AMSTAR 2 assessment results indicated that the overall quality 
of the included studies was relatively low, as none of the studies pro
vided a list of excluded literature or reported the funding sources of the 
included articles (Table 2). A total of 54.5% of the included studies re
ported having a pre-established methodology (Item 2); all studies 
accounted for the risk of bias (ROB) in the interpretation of results (Item 
9); all studies employed appropriate statistical methods for synthesizing 
the results (Item 11); 60.6% of the studies provided a detailed discussion 
of heterogeneity (Item 14); and 60.6% conducted an analysis of publi
cation bias (Item 15).

As revealed by the GRADE, only 5 pooled effect sizes had high 
quality, 38 had moderate quality, 31 had low quality, and 14 had very 
low quality (Supplementary Table S2). The low ratings were mainly due 
to considerable heterogeneity across studies and methodological limi
tations of the included meta-analyses.

3.2. Effect of HIIT among patients with cardiovascular disease

Forty-two pooled effect sizes assessed the effects of HIIT on CV 
outcomes in patients with CVD, of which 13 were on the comparison of 
HIIT with conventional therapy or no exercise (Fig. 2) and 29 on the 
comparison of HIIT with other exercise (Fig. 3).

3.2.1. HIIT vs. No exercise or conventional therapy
HIIT significantly reduced SBP (MD = − 4.73 mmHg, 95% CI =

− 7.66 to − 1.81, I2 = 65%),23 DBP (MD = − 4.35 mmHg, 95% CI = − 8.20 
to − 0.49, I2 = 80%),23 and RHR (MD = − 2.17 bpm, 95% CI = − 3.32 to 
− 1.02, I2 = 0%)23 in hypertensive patients compared with no exercise.

HIIT significantly increased LVEF (MD = 3.66%, 95% CI = 1.78 to 
5.54, I2 = 8.5%)12 but did not significantly affect LVEDV (MD = − 2.13 
mL, 95% CI = − 9.57 to 5.32, I2 = 0%)12 in heart failure with reduced 
ejection fraction patients compared with conventional therapy.

HIIT significantly increased PHR (MD = 5.60 bpm, 95% CI = 1.58 to 
9.62, I2 = 0%)24in heart transplant patients compared with no exercise.

HIIT significantly reduced CIMT (MD = − 0.06 mm, 95% CI = − 0.09 
to − 0.02, I2 = 74%)25 in patients with carotid atherosclerosis compared 
with no exercise.

HIIT showed no significant effects on PHR (SMD = 0.24, 95% CI =
− 0.24 to 0.72, I2 = 0%),26 RHR (SMD = − 0.01, 95% CI = − 0.49 to 0.46, 
I2 = 32%),26 and LVEF (SMD = 0.58, 95% CI = − 0.02 to 1.19)26 in 
patients with coronary artery disease post-percutaneous coronary 
intervention compared with conventional therapy.

HIIT significantly reduced SBP (MD = − 5.43 mmHg, 95% CI =
− 8.82 to − 2.04, I2 = 84%),27 DBP (MD = − 2.96 mmHg, 95% CI = − 4.88 
to − 1.04, I2 = 80%),27 and RHR (MD = − 4.35 bpm, 95% CI = − 7.04 to 
− 1.66, I2 = 67%)27 in patients with CVD (not specified types) compared 
with no exercise or conventional therapy.
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3.2.2. HIIT vs. other exercise
HIIT did not significantly decrease SBP (MD = − 1.09 mmHg, 95% CI 

= − 3.19 to 1.02, I2 = 0%)28 or DBP (MD = − 0.67 mmHg, 95% CI =
− 1.95 to 0.62, I2 = 0%)28 in hypertensive patients compared with MICT.

Compared with MICT in patients with coronary artery disease, HIIT 
significantly decreased DBP (MD = − 3.43 mmHg, 95% CI = − 5.76 to 

− 1.09, I2 = 60.2%),29 but did not significantly reduce SBP (MD = − 1.85 
mmHg, 95% CI = − 3.93 to 0.23, I2 = 18.2%)29; HIIT significantly 
increased PHR (MD = 4.21 bpm, 95% CI = 1.07 to 7.36, I2 = 0%)29; HIIT 
did not significantly improve LVEF (MD = 0.32%, 95% CI = − 1.83 to 
2.46, I2 = 0%)29 or LVEDV (MD = 0.91 mL, 95% CI = − 3.68 to 5.49, I2 

= 0%).29

Compared with other exercise in post-MI patients, HIIT showed no 
significant effects on SBP (MD = 3.45 mmHg, 95% CI = − 1.66 to 8.57, 
I2 = 45%),11 DBP (MD = − 0.21 mmHg, 95% CI = − 7.74 to 7.31, I2 =

75%),11 PHR (MD = 0.74 bpm, 95% CI = − 2.82 to 4.30, I2 = 0%),11 RHR 
(MD = 1.60 bpm, 95% CI = − 0.27 to 3.47, I2 = 2%),11 LVEF (MD =
4.46%, 95% CI = − 5.75 to 14.68, I2 = 87%),11 and LVEDV (MD = − 8.89 
mL, 95% CI = − 21.93 to 4.16, I2 = 0%).11

Compared with MICT in heart failure with reduced ejection fraction 
patients, HIIT significantly increased LVEF (MD = 3.13%, 95% CI = 1.25 
to 5.02, I2 = 68%)10 but did not significantly affect RHR (MD = − 0.15 
bpm, 95% CI = − 1.68 to − 1.37, I2 = 0%)10 or PHR (MD = 0.50 bpm, 
95% CI = − 2.69 to 3.69, I2 = 0%).10

In heart failure with preserved ejection fraction patients, HIIT did not 
significantly decrease LAVI (MD = − 1.71 mL/m2, 95% CI = − 5.58 to 
2.17, I2 = 22%)30 compared with MICT; HIIT significantly increased E/A 
(MD = 0.13, 95% CI = 0.03 to 0.23, I2 = 67%)31 compared with MIIT; 
HIIT did not significantly affect E/E' (MD = 0.39, 95% CI = − 2.40 to 
3.18, I2 = 0%),31 LAVI (MD = − 0.13 mL/m2, 95% CI = − 23.19 to 22.93, 

Fig. 1. Flowchart of selection of studies for inclusion.

Table 1 
Summary of included meta-analyses by population category.

Population category Number of 
comparisons

Range of primary 
studies per effect size

Study type

Cardiovascular 
disease

42 1 to 13 Meta- 
analysis

Metabolic disease 14 2 to 11 Meta- 
analysis

Musculoskeletal 
disease

3 4 to 5 Meta- 
analysis

Apparently healthy 29 3 to 54 Meta- 
analysis

Note: The number of comparisons refers to the total pooled effect sizes extracted 
from the included meta-analyses for each population category. The range of 
primary studies per effect size indicates the minimum to maximum number of 
original studies that contributed to each pooled estimate. All included studies 
were systematic reviews with meta-analyses.
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I2 = 0%),31 DT (MD = 4.64 ms, 95% CI = − 562.36 to 571.63, I2 = 0%),31

or LVEF (MD = − 2.39, 95% CI = − 12.16 to 7.38, I2 = 0%).31

In patients with HF (not specified types), HIIT significantly decreased 
LVEDD (MD = − 3.62 mm, 95% CI = − 4.69 to − 2.55, I2 = 0%)32 but did 
not significantly affect LAVI (MD = − 1.49 mL/m2, 95% CI = − 4.90 to 
1.92, I2 = 48%)32 or E/E' (MD = − 0.33, 95% CI = − 1.68 to 1.03, I2 =

18%)32 compared with MICT; HIIT significantly increased LVEF (MD =
3.24%, 95% CI = 1.70 to 4.80)33 compared with MIT.

Compared with MICT in heart transplant patients, HIIT significantly 
increased PHR (MD = 3.35 bpm, 95% CI = 0.83 to 5.87, I2 = 0%),24 but 
did not significantly improve HR reserve (MD = 4.79 bpm, 95% CI =
− 0.05 to 9.62, I2 = 0%).24

Compared with MIT in patients with CVD (not specified types), HIIT 
significantly improved FMD (MD = 1.46%, 95% CI = 0.35 to 2.57, I2 =

80.12%).34

3.3. Effect of HIIT among patients with metabolic disease

Fourteen pooled effect sizes assessed the effects of HIIT on CV out
comes in patients with metabolic disease, of which nine were on the 
comparison of HIIT with conventional therapy or no exercise (Fig. 4) 
and five on the comparison of HIIT with other exercise (Supplementary 
Fig. S1).

3.3.1. HIIT vs. No exercise or conventional therapy
In patients with T2DM, HIIT significantly enhanced FMD (MD =

2.62%, 95% CI = 1.42 to 3.82, I2 = 23%)35 as compared to no exercise, 
and significantly enhanced LVM (MD = 17.04 g, 95% CI = 5.45 to 28.62, 
I2 = 0%),13 LVEF (MD = 5.52%, 95% CI = 2.31 to 8.73, I2 = 0%),13 and 
LVEDV (MD = 19.44 mL, 95% CI = 13.72 to 25.17, I2 = 42%)13 as 
compared to conventional therapy.

In patients with metabolic syndrome (MetS), HIIT significantly 
lowered SBP (MD = − 4.44 mmHg, 95% CI = − 6.82 to − 2.06, I2 =

Table 2 
AMSTAR 2 evaluation results of the literature.

Included MA 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Luo 2024 Y Y Y PY Y Y N PY Y N Y N N Y Y Y
Edwards 2023a Y Y Y PY Y N N PY Y N Y N N Y Y Y
Edwards 2022 Y N Y PY Y Y N PY Y N Y N Y Y Y Y
Yin 2024 Y Y Y PY Y Y N PY Y N Y N Y Y Y Y
Serrablo-Torrejon 2020 Y N Y PY Y Y N PY Y N Y N Y N N Y
Wang 2024 Y N Y PY Y Y N PY Y N Y Y Y N Y Y
Menjie 2022 Y N Y PY Y Y N PY Y N Y Y Y Y Y Y
Qiu 2018 Y Y Y PY Y N N PY Y N Y Y Y Y Y Y
Qiu 2024 Y Y Y PY Y Y N PY Y N Y Y Y N Y Y
He 2024 Y Y Y PY N N N PY Y N Y Y Y Y N Y
Batacan 2017 Y N Y PY Y Y N PY Y N Y Y Y Y N Y
Cao 2021 Y Y Y PY N N N PY Y N Y Y Y N Y Y
Garcia-Hermoso 2016 Y N Y PY Y N N PY Y N Y Y Y N Y Y
Li 2022 Y Y Y PY N Y N PY Y N Y Y Y Y Y Y
Mesquita 2023 Y N Y PY Y Y N PY Y N Y N N Y N Y
Casana 2022 Y Y Y PY Y Y N PY Y N Y N N Y Y Y
Gao 2025 Y Y Y PY Y Y N PY Y N Y Y Y Y Y Y
Zhang 2021 Y N Y PY Y N N PY Y N Y N N Y NA Y
Gao 2023 Y Y Y PY N Y N PY Y N Y Y Y Y Y Y
Carpes 2022 Y Y Y PY Y Y N PY Y N Y Y Y N NA Y
Liang 2024 Y Y Y PY Y Y N PY Y N Y Y Y Y Y Y
Kwok 2022 Y Y Y PY Y Y N PY Y N Y N N N Y Y
Engel 2018 Y N Y PY N N N PY Y N Y N N Y N Y
Mattioni Maturana 2021 Y Y Y PY N N N PY Y N Y Y Y N Y Y
Siddiqi 2023 Y N Y PY N Y N PY Y N Y N N N NA Y
Lai 2023 Y Y Y PY N Y N PY Y N Y N N N NA Y
Yang 2024 Y Y Y PY N N N PY Y N Y Y Y Y Y Y
Tucker 2019 Y N Y PY Y Y N PY Y N Y N N N NA Y
Qin 2022 Y N Y PY Y Y N PY Y N Y N N N NA Y
Qi 2024 Y N Y PY Y Y N PY Y N Y Y Y Y NA Y
Edwards 2023b Y N Y PY Y Y N PY Y N Y Y Y Y Y Y
Fuertes-Kenneally 2023 Y Y Y PY Y Y N PY Y N Y Y Y Y Y Y
Conceiçao 2021 Y N Y PY N Y N PY Y N Y N N N N Y

Note: ITEM – DESCRIPTION.
1. Did the research questions/inclusion criteria include the components of PICO?.
2. Did the review contain an explicit statement that the review methods were established prior to the conduct of the review?.
3. Did the review authors explain their selection of the study designs for inclusion in the review?.
4. Did the review authors use a comprehensive literature search strategy?.
5. Did the review authors perform study selection in duplicate?.
6. Did the review authors perform data extraction in duplicate?.
7. Did the review authors provide a list of excluded studies and justify the exclusions?.
8. Did the review authors describe the included studies in adequate detail?.
9. Did the review authors assess the RoB in studies that were included in the review?.
10. Did the review authors report on the sources of funding for the studies included in the review?.
11. If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results?.
12. If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis?.
13. Did the review authors account for RoB in individual studies when interpreting the results of the review?.
14. Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?.
15. If they performed quantitative synthesis did the review authors investigate publication bias?.
16. Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?.
Abbreviations: N, No; NA, Not applicable (no meta-analysis); PY: Partial Yes; Y, Yes.
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57%)36 and DBP (MD = − 3.60 mmHg, 95% CI = − 5.43 to − 1.78, I2 =

45%)36 as compared to no exercise.
In overweight or obese adults, HIIT significantly lowered SBP (SMD 

= − 0.35, 95% CI = − 0.60 to − 0.09, I2 = 48%),37 DBP (SMD = − 0.38, 
95% CI = − 0.65 to − 0.10, I2 = 54%),37 and RHR (SMD = − 0.33, 95% CI 
= − 0.56 to − 0.09, I2 = 43%)37 as compared to no exercise.

3.3.2. HIIT vs. other exercise
HIIT did not significantly enhance FMD (MD = 4.79%, 95% CI =

− 2.90 to 12.49, I2 = 75.6%)38 in patients with T2DM as compared to 
MICT.

In overweight and obese adolescents and children, HIIT significantly 
reduced SBP (SMD = − 0.64, 95% CI = − 1.05 to − 0.22, I2 = 44.9%),39

but did not significantly reduce DBP (SMD = − 0.13, 95% CI = − 0.88 to 
0.61, I2 = 82.1%)39 compared with MICT; compared with other exercise, 
HIIT also significantly lowered SBP (SMD = − 0.39, 95% CI = − 0.69 to 
− 0.09, I2 = 1%),40 but did not significantly reduce DBP (SMD = − 0.31, 
95% CI = − 0.68 to 0.06, I2 = 30%).40

3.4. Effect of HIIT among patients with musculoskeletal disease

Only three meta-analyses assessed the effects of HIIT on CV outcomes 
in MSD populations (Supplementary Fig. S2). Compared with no exer
cise, small-scale interventions, or conventional therapy, HIIT did not 
significantly reduce SBP (SMD = − 0.06, 95% CI = − 0.43 to − 0.30, I2 =

0%), DBP (SMD = 0.07, 95% CI = − 0.29 to 0.44, I2 = 0%),41 or RHR 
(SMD = − 0.20, 95% CI = − 0.45 to 0.05, I2 = 0%).41

3.5. Effect of HIIT in the apparently healthy population

The effects of HIIT on CV outcomes in the apparently healthy adults, 
adolescents, and children were assessed by 29 pooled effect sizes, of 
which 14 were on the comparison of HIIT with conventional therapy or 
no exercise (Fig. 5) and 15 on the comparison of HIIT with other exercise 
(Fig. 6).

3.5.1. HIIT vs. No exercise or conventional therapy
In adults, HIIT significantly reduced SBP (MD = − 3.20 mmHg, 95% 

CI = − 4.55 to − 1.86, I2 = 82.11%),42 DBP (MD = − 2.41 mmHg, 95% CI 
= − 3.56 to − 1.25, I2 = 90.13%),42 and RHR (MD = − 3.90 bpm, 95% CI 
= − 4.93 to − 2.85, I2 = 79.96%),42 and significantly improved LVEF 
(MD = 3.51%, 95% CI = 1.81 to 5.20, I2 = 69.20%)42; it had no sig
nificant effect on E/A (MD = − 0.02, 95% CI = − 0.16 to 0.11, I2 =

64.85%).42

In adolescents and children, HIIT significantly reduced SBP (MD =
− 2.73 mmHg, 95% CI = − 4.67 to − 0.79, I2 = 65%)43 and DBP (MD =
− 2.42 mmHg, 95% CI = − 4.45 to − 0.38, I2 = 70%)43 compared with no 
exercise, and significantly increased maximal HR (MD = 5.91 bpm, 95% 
CI = 1.24 to 10.58, I2 = 97%).43

In older adults, HIIT significantly reduced SBP (SMD = − 0.29, 95% 
CI = − 0.54 to − 0.03, I2 = 0%)44 and RHR (SMD = − 0.36, 95% CI =
− 0.67 to − 0.05, I2 = 0%)44 compared with no exercise, but did not 
significantly reduce DBP (SMD = − 0.25, 95% CI = − 0.61 to 0.11, I2 =

36.1%).44

In females, HIIT significantly reduced RHR (SMD = − 0.50, 95% CI =
− 0.87 to − 0.12, I2 = 0%)45 compared with no exercise, but did not 
significantly reduce SBP (SMD = − 0.44, 95% CI = − 0.96 to 0.08, I2 =

33.9%)45 or DBP (SMD = − 0.33, 95% CI = − 0.94 to 0.28, I2 =

51.54%).45

3.5.2. HIIT vs. other exercise
In adults, HIIT was significantly less effective than isometric exercise 

in improving SBP (MD = 5.29 mmHg, 95% CI = 3.97 to 6.61, I2 =

86%)46 and DBP (MD = 3.25 mmHg, 95% CI = 2.53 to 3.96, I2 = 70%),46

but significantly more effective than isometric exercise in lowering RHR 
(MD = − 2.45 bpm, 95% CI = − 3.31 to − 1.78, I2 = 22%).46 As compared 
to MICT, HIIT did not significantly reduce SBP (SMD = − 0.31, 95% CI =
− 0.64 to − 0.02, I2 = 0%)47 or DBP (SMD = 0.09, 95% CI = − 0.36 to 
0.54, I2 = 49%).47

In adolescents and children, HIIT did not significantly reduce SBP 
(SMD = − 0.35, 95% CI = − 0.78 to 0.09, I2 = 58.3%)48 or DBP (SMD =

Fig. 2. Forest plot comparing HIIT versus no exercise or conventional therapy among patients with cardiovascular disease. Panel A (MD) and Panel B (SMD). CAD, 
coronary artery disease; PCI, percutaneous coronary intervention; HFrEF, heart failure with reduced ejection fraction; HRR, heart rate reserve; cIMT, carotid intima- 
media thickness; NA, not available. Effect sizes of PHR and LVEF on the right side of the central axis indicate support for HIIT; effect sizes of SBP, DBP, RHR, and cIMT 
on the left side of the central axis indicate support for HIIT. LVEDV require comprehensive evaluation based on disease characteristics and other indicators.
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Fig. 3. Forest plot comparing HIIT versus other exercises among patients with cardiovascular disease. Panel A (MD) and Panel B (SMD). CAD, coronary artery 
disease; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HF, heart failure; MIIT; moderate-intensity interval 
training; MIT, moderate intensity training; HRR, heart rate reserve; E/E′, early diastolic mitral inflow velocity/early diastolic mitral annular tissue velocity; E/A, early 
diastolic mitral inflow velocity/late diastolic mitral inflow velocity; DT, deceleration time; NA, not available. Effect sizes of HRR, PHR, LVEF, FMD, E/A, and DT on 
the right side of the central axis indicate support for HIIT; effect sizes of SBP, DBP, RHR, LAVI, and E/E′ on the left side of the central axis indicate support for HIIT. 
LVEDV and LVEDD require comprehensive evaluation based on disease characteristics and other indicators.

Fig. 4. Forest plot comparing HIIT versus no exercise or conventional therapy among patients with metabolism disease. Panel A (MD) and Panel B (SMD). LVM, left 
ventricular mass, NA, not available. Effect sizes of LVEF, LVM, and FMD on the right side of the central axis indicate support for HIIT; effect sizes of SBP, DBP, and 
RHR on the left side of the central axis indicate support for HIIT. LVEDV require comprehensive evaluation based on disease characteristics.
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Fig. 5. Forest plot comparing HIIT versus no exercise or conventional therapy in apparently healthy population. Panel A (MD) and Panel B (SMD). MHR, maximum 
heart rate; NA, not available. Effect sizes of LVEF, MHR and E/A on the right side of the central axis indicate support for HIIT; effect sizes of SBP, DBP, and RHR on the 
left side of the central axis indicate support for HIIT.

Fig. 6. Forest plot comparing HIIT versus other exercises in apparently healthy population. Panel A (MD) and Panel B (SMD). SHR, submaximal heart rate; NA, not 
available. Effect sizes of SHR on the right side of the central axis indicate support for HIIT; effect sizes of SBP, DBP, and RHR on the left side of the central axis 
indicate support for HIIT.
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− 0.12, 95% CI = − 0.51 to 0.26, I2 = 47.5%)48 as compared to MICT.
In older adults, HIIT did not significantly reduce SBP (MD = − 2.09 

mmHg, 95% CI = − 9.76 to 5.58, I2 = 0%)49 or DBP (MD = − 1.00 
mmHg, 95% CI = − 6.01 to 4.01, I2 = 0%)49 as compared to MICT. 
Compared with other exercise, HIIT significantly reduced SBP (SMD =
− 0.14, 95% CI = − 0.28 to − 0.01, I2 = 0%) 44 and RHR (SMD = − 0.11, 
95% CI = − 0.21 to − 0.01, I2 = 0%),44 but did not significantly reduce 
DBP (SMD = − 0.02, 95% CI = − 0.17 to 0.13, I2 = 0%).44

In young athletes, HIIT did not significantly raise submaximal HR 
(SMD = 0.02, 95% CI = − 0.05 to 0.12, I2 = 99%)50 compared with other 
exercise.

In any population (unrestricted crowd), HIIT did not significantly 
decrease SBP (SMD = − 0.04, 95% CI = − 0.32 to 0.23, I2 = 70%)51 or 
DBP (SMD = 0.03, 95% CI = − 0.19 to 0.24, I2 = 50%)51 compared with 
MICT.

4. Discussion

This is the first UR of the effects of HIIT on CV health, including 54 
systematic reviews and meta-analyses, yielding 88 distinct pooled effect 
sizes. The results revealed that HIIT was generally more effective than 
no exercise or conventional therapy in improving BP, HR, and cardiac 
structure and function. However, compared with other exercise (espe
cially MICT), HIIT showed advantages only in improving LVEF, LVEDD, 
E/A, and FMD, and the effectiveness of different HIIT prescriptions may 
vary. Therefore, HIIT prescriptions should be individually designed 
based on the specific characteristics and needs of different populations. 
Nevertheless, due to inherent limitations of exercise intervention 
research (e.g., lack of blinding, high protocol heterogeneity), the GRADE 
ratings of the included evidence were generally low to moderate. 
Therefore, our findings should be interpreted with caution and consid
ered as provisional guidance until higher-quality evidence becomes 
available.

4.1. Efficacy of HIIT vs. No exercise or conventional therapy

This UR showed that HIIT generally more effective than no exercise 
or conventional therapy in improving SBP (− 5.43 to − 2.73 mmHg), DBP 
(− 4.35 to − 2.41 mmHg), RHR (− 4.35 to − 2.17 bpm), LVEF (3.51%- 
5.52%), and LVM (5.45-28.62 g). The ability of HIIT to improve vascular 
endothelial function and modulate the autonomic nervous system52,53

has been verified previously, which induces changes in BP and HR.54

Moreover, HIIT can cause physiological cardiac remodeling, induce 
myocardial thickening, increase the capillary density, and raise the 
blood pumping efficiency, thereby affecting the parameters of cardiac 
structure and function.55,56 This UR corroborated the relevant findings 
of included studies in real-world applications. However, clear guidelines 
for HIIT prescriptions across populations are still lacking in existing 
studies. The use of HIIT is hindered by safety concerns of acute CV 
events,57,58 and physiological tolerance, dependence, and mental stress 
in specific groups.59,60

This UR further offered evidence support for the use of HIIT in spe
cific disease groups. Specifically, the positive effects of HIIT on patients 
with CVD (hypertension, coronary artery disease, post-percutaneous 
coronary intervention, heart transplant, carotid atherosclerosis, and in 
heart failure with reduced ejection fraction) were fully verified by the 
available evidence. Notably, in addition to significantly lowering BP in 
hypertensive patients and modulating HR in patients with hypertension 
and heart transplant, HIIT significantly decreased CIMT in patients with 
carotid atherosclerosis and significantly elevated LVEF in heart failure 
with reduced ejection fraction patients, without significantly altering 
LVEDV. These findings demonstrate that HIIT not only meets the 
intended goals in the treatment for specific groups such as HF, but also 
may offer specific advantages, such as significant improvement in car
diac systolic function through short-term high-intensity training while 
avoiding the possible pathological ventricular remodeling due to long- 

term volume overload.61–63.
The available evidence suggested that in patients with metabolic 

disease, HIIT effectively reduced BP in adults with MetS, overweight, or 
obesity, modulated HR in overweight or obese adults, and significantly 
improved vascular endothelial function, LVM, LVEF, and LVEDV in 
T2DM patients. Different from previous studies that focused on the 
improving effect of HIIT on blood metabolic indicators (e.g., HDL, gly
cated hemoglobin, insulin),4,36 we analyzed indicators of CV structure 
and function (e.g., LVEF, LVM, LVEDV), which could effectively reflect 
and predict the risk of CV deterioration and pathological remodeling in 
patients with metabolic disease due to metabolic function decline.64,65

The findings will provide more comprehensive and detailed evidence for 
the development of exercise prescriptions for patients with metabolic 
disease.

HIIT failed to significantly improve HR and BP in MSD populations, 
which was possibly attributed to the comparisons. Specifically, the 
comparator conditions in the included studies included routine care, 
small-scale interventions, or no exercise.41 These comparators were not 
true inactive controls and may themselves have provided some physio
logical benefits, potentially attenuating the additional effect of HIIT. 
Despite the limited effect, HIIT with high time-efficiency reduces the risk 
of musculoskeletal fatigue and rapidly stimulates muscle adaptability to 
improve function,66,67 which may still be an important intervention for 
metabolic and CV dysfunction resulting from lack of exercise in MSD 
patients.68

This UR also synthesized evidence in apparently healthy pop
ulations. Except for DBP in the elderly and SBP and DBP in females, BP 
and HR were significantly regulated by HIIT across populations. We 
found that females of higher age, mainly elderly females, were included 
in the original studies in meta-analyses on SBP and DBP,45 which may 
account for the above non-significant result. In adults, HIIT increased 
LVEF but did not significantly affect E/A, indicating that HIIT may 
preferentially enhance cardiac systolic function, but it is less effective or 
takes longer to improve diastolic function.69,70 Overall, HIIT achieves 
stronger efficacy than no exercise or conventional therapy.

4.2. Efficacy of HIIT vs. other exercise

This UR revealed that HIIT showed advantages over other exercise 
(e.g., MICT, MIIT) only in improving LVEF, LVEDD, E/A, and FMD. In 
terms of exercise characteristics, HIIT is more intense, and thus more 
significantly stimulates myocardial contraction and induces stronger 
physiological adaptability than moderate-intensity exercise.67,71 In 
contrast, moderate-intensity exercise, especially MICT, produces less 
stimulation on myocardial contraction, but it can persistently accumu
late the improvement effect. To sum up, HIIT with high-intensity acute 
stimulation may be more advantageous in improving physiological 
remodeling of cardiac structure and volume,72,73 while the effects of 
HIIT and MICT on the indicators that require long-term adaptive stim
ulation such as BP and HR74,75 are likely to be more influenced by 
overall volume of exercise.76 No clear guidelines are yet available for the 
selection of HIIT versus MICT in clinical treatment and public health,71

and this UR offered evidence-based support for the use of HIIT and other 
exercise across applications.

In patients with CVD, HIIT was more effective in improving BP and 
HR only in patients with coronary artery disease and heart transplant 
patients, and it had no advantage over other exercise in most groups 
(HF, post-MI, and hypertension). HIIT significantly improved FMD as 
compared to MIT in patients with CVD, and HIIT was better than MICT 
and MIIT in improving E/A, LVEF, and LVEDD in HF patients. This ev
idence suggests that transient hemodynamic changes triggered by HIIT 
are more likely to induce changes in cardiac structure and volume, 
facilitate adaptive cardiomyocyte hypertrophy and elevation of ejection 
fraction, and reverse ventricular dilatation compared with moderate- 
intensity exercise.77,78 HIIT and moderate-intensity exercise may exert 
similar regulatory effects on BP, i.e., they may both modulate BP 
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through common mechanisms such as improving endothelial function52

and relieving systemic inflammation.51 Due to similarities in the total 
energy expenditure or vasodilatory effects, HIIT and other exercise 
produced comparable effects in the included studies. To sum up, HIIT 
may be considered a preferred option for HF and ischemic cardiomy
opathy patients who undergo treatment mainly to improve cardiac 
structure and volume, while exercise prescriptions should be developed 
taking into account the intensity, volume, and time efficiency of 
different exercise for patients who undergo treatment mainly to improve 
BP and HR. In the UR, the cardiac structure and function of some groups 
such as post-MI patients did not benefit significantly from HIIT, which 
may be attributed to the limited number of original studies and great 
heterogeneity.11 In addition, patient adherence to HIIT and therapists' 
effective supervision and control of exercise intensity and volume may 
also be important influencing factors for the results.57,79 Therefore, 
despite the lack of evidence supporting the benefits of HIIT in individual 
CVD populations, HIIT remains a potentially more valuable and advo
cated intervention in the CVD rehabilitation.

In metabolic disease populations (overweight or obese adolescents 
and children, and T2DM patients), HIIT far outperformed MICT only in 
improving SBP in overweight or obese adolescents and children. HIIT 
shares the same or similar mechanisms with MICT in improving BP and 
regulating HR, and BP is more dependent on long-term cumulative en
ergy expenditure and chronic adaptations of the autonomic nervous 
system.80 It is possible that overweight or obese adolescents and chil
dren without severe CVD have milder metabolic disorders, which might 
allow for better adherence to HIIT. However, this potential explanation 
requires further investigation.

In the apparently healthy adults, adolescents, and children, HIIT 
exhibited no prominent advantage in lowering BP and modulating HR. 
However, HIIT displayed a non-negligible advantage in time in this 
population, especially in adults. HIIT consumes more energy per unit of 
time81 and can maintain an increasing oxygen consumption rate 24-48 h 
post-exercise,82 which, as short-duration, high-intensity exercise, is 
more in line with the rapid pace of modern life.83 To sum up, we ob
tained sufficient evidence that HIIT outperformed no exercise or con
ventional therapy in improving the indicators of CV structure and 
function (e.g., LVEF, LVEDV) in populations with metabolic disease and 
apparently healthy individuals, but a comparison of the benefits of HIIT 
versus MICT is lacking in these populations.

4.3. Safety considerations and prescription caution

When discussing the cardiovascular benefits of HIIT, attention must 
also be paid to its safety. The high-intensity stimulation of HIIT induces 
rapid fluctuations in heart rate and blood pressure. The double product 
(heart rate × systolic blood pressure), a key indicator of myocardial 
oxygen consumption,84 reaches high levels during HIIT. For patients 
with cardiovascular disease or individuals with occult cardiovascular 
risk, such acute hemodynamic changes may precipitate myocardial 
ischemia or arrhythmias.85 Of note, the meta-analyses included in this 
umbrella review generally lacked systematic reporting of adverse 
events, yet safety is a critical aspect that cannot be overlooked in clinical 
practice. Therefore, adequate medical screening should be conducted 
before HIIT implementation, and real-time monitoring of heart rate and 
perceived exertion is required during exercise,86 with clear termination 
criteria such as chest pain, dizziness, or sharp fluctuations in blood 
pressure.86,87 The risk-benefit ratio of HIIT needs to be individualized: 
for clinically stable patients, the improvements in cardiac structure and 
function may outweigh the potential risks; however, for individuals with 
unstable conditions, recent acute events, or severe comorbidities, 
moderate-intensity continuous training may be a safer alternative. HIIT 
should not be considered a one-size-fits-all protocol but should be 
individually designed based on the patient's age, underlying disease 
status, cardiorespiratory fitness, and exercise history. These findings 
may be generalizable to similar populations, but differences in facility 

settings, health status, and supervision should be considered when 
applying HIIT in practice.

4.4. Limitations of this review

This is the first UR of the evidence on the effects of HIIT on CV health, 
and it acts as a preliminary guide for the use of HIIT in clinical and 
public health settings. However, some methodological limitations are 
worth noting. First, we categorized the included studies based on the 
study population and comparisons using the UR methods of Poole 
et al.20 and Huang et al.21 to minimize overlapping of evidence, and 
prioritized studies that were more up-to-date and of higher quality. 
However, minor omission of evidence was inevitable. Second, the 
quality of a UR depends to some extent on the quality of the included 
studies. Methodological biases in the included studies may affect the 
quality assessment and the accuracy of results, and publication bias 
cannot be fully ruled out despite Egger's tests showing no significant bias 
in some comparisons. Third, most of the included meta-analyses did not 
differentiate between different HIIT protocols, such as long-interval 
versus short-interval HIIT. As a result, the synthesized evidence in this 
umbrella review supports the overall effectiveness of HIIT but does not 
permit protocol-level comparisons or recommendations. Future studies 
directly comparing different HIIT protocols are needed. Fourth, 
considerable heterogeneity (I2 > 75%) was observed in some compari
sons, which may reduce the reliability of those specific findings and 
warrants cautious interpretation. This heterogeneity may stem from 
several factors, such as the pooling of different comparator conditions 
(e.g., no exercise versus conventional therapy), variations in HIIT pro
tocols (e.g., intensity, interval duration, and frequency)88,89, and dif
ferences in participant characteristics across studies. In addition, the 
comparator category “no exercise or conventional therapy” combined 
two distinct control conditions that may have different effects on car
diovascular outcomes. This pooling may have introduced heterogeneity 
and should be considered when interpreting the findings. Finally, 
although this umbrella review covered four major population categories 
(cardiovascular disease, metabolic disease, musculoskeletal disease, and 
apparently healthy individuals), the number of available meta-analyses 
for some specific subpopulations (e.g., specific types of cardiovascular 
disease) was limited90. Consequently, the evidence within these sub
categories remains less comprehensive, and further studies are needed 
to strengthen the conclusions. In the future, the sample size should be 
expanded to cover more diverse populations, and the specific effects and 
mechanisms of HIIT in different health conditions91 should be further 
investigated.

5. Conclusions

HIIT demonstrates clear cardiovascular benefits compared with no 
exercise across most populations. Its advantages over other exercise 
modalities are specific to cardiac structure and volume (e.g., LVEF, 
LVEDD), with comparable effects on blood pressure and heart rate. 
These benefits were observed across patients with cardiovascular dis
eases, metabolic disorders, and apparently healthy individuals. How
ever, the current evidence does not support protocol-specific 
recommendations, and direct comparisons of different HIIT protocols 
are needed.
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