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High‑intensity interval training 
versus moderate‑intensity 
continuous training on patient 
quality of life in cardiovascular 
disease: a systematic review 
and meta‑analysis
Haohan Yu 1, Xudong Zhao 1, Xiaoxia Wu 4, Jing Yang 2, Jun Wang 2,3* & Lijuan Hou 1*

This systematic review and meta‑analysis aimed to compare the effects of high‑intensity interval 
training (HIIT) and moderate‑intensity continuous training (MICT) on the quality of life (QOL) and 
mental health (MH) of patients with cardiovascular disease (CVDs). Web of Science, Medline, Embase, 
Cochrane (CENTRAL), CINAHL, China National Knowledge Infrastructure, Wanfang, and China Science 
and Technology Journal databases were searched from their date of establishment to July, 2023. A 
total of 5798 articles were screened, of which 25 were included according to the eligibility criteria. 
The weighted mean difference (WMD) and standardized mean difference (SMD) were used to analyze 
data from the same and different indicator categories, respectively. The fixed‑effects model (FE) or 
random‑effects model (RE) combined data based on the between‑study heterogeneity. There were 
no statistically significant differences regarding QOL, physical component summary (PCS), mental 
component summary (MCS), and MH, including depression and anxiety levels, between the HIIT and 
MICT groups [SMD = 0.21, 95% confidence interval (CI)  − 0.18–0.61, Z = 1.06, P = 0.290; SMD = 0.10, 
95% CI  − 0.03–0.23, Z = 1.52, P = 0.128; SMD = 0.07, 95% CI  − 0.05–0.20, Z = 1.13, P = 0.25; SMD = − 0.08, 
95% CI  − 0.40–0.25, Z = − 0.46, P = 0.646; WMD = 0.14. 95% CI  − 0.56–0.84, Z = 0.39, P = 0.694, 
respectively]. HIIT significantly improved PCS in the coronary artery disease (CAD) population 
subgroup relative to MICT. HIIT was also significantly superior to MICT for physical role, vitality, and 
social function. We conclude that HIIT and MICT have similar effects on QOL and MH in patients with 
CVD, while HIIT is favorable for improving patients’ self‑perceived physiological functioning based on 
their status and social adjustment, and this effect is more significant in patients with CAD.

Cardiovascular diseases (CVDs) are the leading cause of death worldwide, and the prevalence and mortality rates 
of CVDs continue to rise worldwide. From 1990 to 2019, the number of people living with cardiovascular disease 
in 204 countries worldwide has increased from 271 to 523 million; a growth rate of 92.99%, and the number of 
deaths has risen from 12.1 million to 18.6 million, according to data published by the Global Burden of Disease 
Study 2019 (GBD2019). To date, CVDs have been among the top 10 diseases for all-cause mortality  worldwide1. 
CVD broadly refers to a group of diseases caused by abnormalities of the circulatory system, including coronary 
artery disease (CAD), hypertension, angina pectoris (AP), heart failure (HF), myocardial infarction (MI), and 
stroke. These diseases can have a serious impact on an individual’s health status, and so, effective interventions 
and rehabilitations are  essential2.

Although a large number of studies have reported various beneficial management strategies, such as surgery, 
medication, and nursing care, for the physiological function of patients with CVDs, limited focus has been placed 
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on patients’ quality of life (QOL) and mental health (MH). The World Health Organization (WHO) categorizes 
health into three main elements: physical health, mental health, and social adjustment, and defines a synergistic 
relationship in which all three elements complement each other in health  promotion3. Of these, MH and social 
adaptation can be included in QOL, which is defined as “the experience of individuals living in different cultures 
and value systems with respect to their goals, expectations, standards, and conditions of existence that are linked 
to their concerns”4. In clinical studies, QOL can generally be assessed using scales, such as the MOS 36-item 
short form health survey (SF-36) or the MacNew, which provide a multidimensional and comprehensive assess-
ment of the patient’s rehabilitation status through the physical component summary (PCS), mental component 
summary (MCS), and eight sub-indicators related to social  adjustment5. For patients with CVDs, QOL is an 
important indicator for assessing the degree of recovery and effectiveness of treatment during care and return 
visits due to the multiplicity and depth of indicators  involved6. Unlike objective measures, such as blood pres-
sure and heart rate, QOL outcomes are based on patients’ subjective perceptions. Therefore, by observing QOL, 
physicians and caregivers can have a clearer understanding of the development of the patient’s condition and 
changes in the patient’s proprioception, which is of great significance for the adjustment of nursing care measures 
and development of rehabilitation.

Cardiac rehabilitation (CR) is an important measure of secondary care for CVDs and aims to help patients 
improve the efficiency of rehabilitation, reduce the occurrence of cardiac risk events, lower the level of negative 
emotions, such as depression and anxiety, and improve QOL, to promote both physiological and psychological 
 health7. CR involves measures such as health education, lifestyle behavior modification, psychosocial support, 
and supervised exercise programs. Physical activity (PA), an important tool, has been widely shown to induce 
positive cardiovascular adaptations in patients to improve QOL and  MH8. Relative to other interventions, PA 
is superior for improving physiological and psychological health because regular movement of skeletal muscles 
mediates metabolic elevations and the release of chemicals in the brain related to  mood9,10. Currently, PA is an 
important non-pharmacological therapy for the treatment of CVDs and has been recognized in major guidelines 
 worldwide8,11.

Although a large body of evidence demonstrates the effectiveness of PA in CR, some studies have found 
that different types of PA may lead to differences in QOL versus MH during the patients’ return  visits12,13. In 
early studies, the American College of Sports Medicine and the American Heart Association (AHA) generally 
recommended moderated-intensity continuous training (MICT) for patients with  CVDs11,14. However, with 
the development of sports science, the AHA first introduced high-intensity interval training (HIIT) to the field 
of athletic training for CR in  200715. HIIT consists of high intensity exercise interspersed with active recovery 
periods of medium-to-low intensity, with peak volume alternating with recovery intervals. Studies have shown 
that high-intensity exercise mediates a greater degree of physiological  stimulation16. However, patients with 
CVDs remain highly sensitive to exercise, and due to their high cardiac risk factors, excessively high exercise 
intensity can place undue stress and burden on the cardiovascular system, leading to elevated blood pressure 
and increased risk of cardiac arrhythmias. Therefore, by improving training capacity, the AHA offers an interval 
training strategy performed with acceptable loads that ensures comparable benefits to cardiorespiratory fitness 
(CRF) to those associated with high-intensity exercise, while reducing the probability of cardiac risk  events15. 
HIIT has been recognized as an effective exercise modality and has received widespread attention from the 
clinical field and healthcare professionals, with some European and North American athletic teams increasingly 
adopting HIIT protocols in  CR17,18. It has been found that HIIT not only improves mitochondrial biogenesis, 
insulin sensitivity, glucose regulation, high-density lipoprotein cholesterol, deep abdominal adiposity, and blood 
pressure more than MICT, but also has more advantages in improving skeletal muscle strength, cardiorespiratory 
fitness, and athletic  ability19–21.

A large number of meta-analyses have demonstrated that HIIT improves physiological parameters in patients 
with CVDs significantly more so than does MICT; however, it is unclear whether HIIT has a significant impact on 
cardiovascular  outcomes13,22,23. Furthermore, the number of studies that have explored the differences between 
HIIT and MICT using QOL and HM as primary indicators is limited. During CR, psychological health is as 
important as physiological health, and both affect the patient’s QOL. In light of recent developments in the medi-
cal model, QOL is being widely used as a new indicator for health assessment. Therefore, this study is the first to 
evaluate QOL and MH, including depression and anxiety, as primary outcome indicators to explore the efficacy 
of HIIT and MICT in CR from the perspective of patient’s proprioception. This study also aimed to provide an 
effective program and theoretical reference for the rehabilitation and nursing care of CVDs based on PA. The 
hypotheses of this study were (1) HIIT is superior to MICT in improving QOL, and (2) HIIT is superior to MICT 
in reducing anxiety and depression.

Results
Search results. Figure 1 displays a flowchart of the literature screening. A total of 5798 articles were retrieved, 
and after excluding duplicate literature using a literature management software, 3923 articles remained. A total 
of 659 articles were included in the preliminary screening of their title and abstract. After full-text screening, 633 
articles were excluded, leaving 25 remaining. A total of 25 studies were included in this systematic  review12,24–46, 
of which 23 were included in the meta-analysis12,24–38,40–43,45,46.

Study characteristics. The characteristics of the included studies are summarized in Table 1. The included 
studies were from 12 different countries, with  Canada25,29,39,47 and  Norway27,38,44,45 dominating the origin of 
articles. All articles were written in English, except for one published in China that was written in  Chinese35. 
Three studies included were randomized controlled  trials12,26,32. The study participants were predominantly 
(11/25 studies) patients with coronary heart disease. The remaining studies involved patients with  HF24,26,38,43, 
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tetralogy of  Fallot12, heart  transplantation27,36, coronary artery bypass  grafting44, atrial  fibrillation47, myocardial 
 infarction34,  stroke37, and  hypertension35,41. Most of the studies reported the registration numbers, while eight 
did  not25,26,32,34,42–44,46.

Exercise intervention characteristics. Table 2 shows the characteristics of the HIIT and MICT exercise 
programs. The narrative summaries of the exercise interventions are as follows: With the exception of 5 studies 
that did not mention the intervention  sites12,25,27,35,40, 3 were conducted at  home31,34,44, 14 at the hospital and reha-
bilitation  center24,26,28,29,33,36–39,42–44,46,47, and the remaining studies were conducted the firm, university, or indoor 
tennis  court30,32,41. Exercise was conducted under supervision in all studies except  two34,41, and three studies did 
not report information regarding  supervision12,28,33. Two studies did not report data on adherence to  exercise34,41, 
while in the remaining studies, exercise adherence ranged 67.1–99.0%12,24–33,35–40,42–46. Adverse events during 
the exercise interventions were reported in 19  studies12,24,27,29,31–34,36,38–40,42–47 and of the two reported adverse 
exercise  events29,31. In all but two  studies26,31, warm-up or relaxation exercises were involved in the exercise pro-
gram. The frequency of exercise was mainly 2–3 days per week, the exercise duration ranged 20–65 min, and the 
intervention duration ranged 4–52 weeks.

Figure 1.  Flow diagram of the evaluation process.
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Table 1.  Characteristics of studies.

ID Study Country Language Study design Participant Simple size, n Sex Age Trail registration

1 Anderson (2019) Brazil English Single-blinded RCT 
Patients with 
heart failure with 
preserved ejection 
fraction

HIIT = 10 M = 3/F = 7 60 ± 9
NCT02916225

MICT = 9 M = 4/F = 5 60 ± 10

2 Currie (2015) Canada English RCT Patients with coro-
nary artery disease

HIIT = 9 M = 9/F = 0 63 ± 8
UN

MICT = 10 M = 9/F = 1 66 ± 8

3 Koufaki (2014) England English Pilot RCT 
Patients with 
heart failure with 
preserved ejection 
fraction

HIIT = 8 UN UN
UN

MICT = 9 UN UN

4 Novakovic (2018) Slovenia English Pilot RCT Patients with tetral-
ogy of fallot

HIIT = 9 M = 2/F = 7 36.2 ± 6.8
NCT02643810

MICT = 9 M = 4/F = 5 40.1 ± 10.4

5 Nytroen (2019) Norway English Multi-center, pro-
spective, RCT 

Heart transplant 
recipients

HIIT = 37 M = 28/F = 9 50 ± 12
NCT01796379

MICT = 41 M = 29/F = 12 48 ± 14

6 Okur (2020) Turkey English RCT Patients with coro-
nary artery disease

HIIT(LV) = 6 M = 6/F = 0 61.83 ± 4.79

NCT04048057HIIT(HV) = 7 M = 7/F = 0 59.14 ± 3.63

MICT = 7 M = 5/F = 2 62.00 ± 6.61

7 Reed (2021) Canada English Single-centre, 
parallel-group, RCT 

Patients with coro-
nary artery disease

HIIT = 43 M = 36/F = 7 61 ± 7
NCT02765568

MICT = 44 M = 38/F = 6 60 ± 7

8 Schonfelder (2021) Australia English RCT Patients with coro-
nary artery disease

HIIT = 17 UN UN
NCT1493193

MICT = 14 UN UN

9 Taylor (2020) Australia English Single-center RCT Patients with coro-
nary artery disease

HIIT = 46 M = 39/F = 7 65 ± 7
ACTRN12615001292561

MICT = 47 M = 39/F = 8 65 ± 8

10 Villafaina (2020) Spain English Pilot RCT Patients with coro-
nary artery disease

HIIT = 11 M = 11/F = 0 55.27 ± 7.13
UN

MICT = 10 M = 10/F = 0 56.55 ± 3.50

11 Yakut (2022) Turkey English RCT Patients with myo-
cardial infarction

HIIT = 11 M = 10/F = 1 59.6 ± 4.5
NCT04407624

MICT = 10 M = 8/F = 2 58.5 ± 5.6

12 Xianghui Liu (2021) China Chinese RCT Patients with hyper-
tension

HIIT = 13 M = 4/F = 9 44 ± 9
UN

MICT = 13 M = 5/F = 8 48 ± 7

13 Dall (2015) Denmark English RCT Heart transplant 
recipients

HIIT = 8
M = 12/F = 4 51.9 (33–70) NTC01914406

MICT = 9

14 Chih-Chin Hsu 
(2020) China English RCT Stroke patients

HIIT = 10 M = 8/F = 2 58.5 (49.8–67.2)
NCT04135391

MICT = 12 M = 12/F = 1 53.1 (46.2–60.0)

15 Ellingsen (2017) Norway English RCT 
Patients with 
heart failure with 
preserved ejection 
fraction

HIIT = 90 M = 76/F = 14 65 (58–68)
NCT00917046

MICT = 85 M = 73/F = 12 60 (58–65)

16 Dunford (2021) Canada English RCT Patients with coro-
nary artery disease

HIIT = 9 M = 8/F = 1 61 ± 8
NCT03235674

MICT = 9 M = 8/F = 1 62 ± 6

17 McGregor (2023) England English Multi-center, pro-
spective, RCT 

Patients with coro-
nary artery disease

HIIT = 187 M = 176/F = 11 58.6 ± 9.2
NCT02784873

MICT = 195 M = 180/F = 15 59 ± 9.9

18 Koldobika (2016) Spain English Prospective, RCT 
Patients with 
ischemic heart 
disease

HIIT = 36 M = 28/F = 8 58 ± 11
NCT02168712

MICT = 36 M = 33/F = 3 58 ± 11

19 Mikel (2020) Spain English RCT Patients with hyper-
tension

HIIT(LV) = 65 M = 43/F = 22 54.7 ± 7.2

NCT02283047HIIT(HV) = 60 M = 39/F = 21 53.0 ± 8.6

MICT = 61 M = 38/F = 23 54.2 ± 7.2

20 Pattyn (2016) Belgium English Multi-center, pro-
spective, RCT 

Patients with coro-
nary artery disease

HIIT = 80 M = 76/F = 4 57.4 ± 8.7
UN

MICT = 83 M = 76/F = 7 59.9 ± 9.2

21 Papathanasiou 
(2020) Bulgaria English Prospective, RCT Patients with 

chronic heart failure
HIIT = 60 M = 35/F = 7 63.65 ± 6.71

UN
MICT = 60 M = 76/F = 7 63.82 ± 6.71

22 Reed (2022) Canada English RCT Patients with atrial 
fibrillation

HIIT = 43 M = 29/F = 14 68 ± 8
NCT02602457

MICT = 43 M = 28/F = 15 71 ± 7

23 Trine (2009) Norway English RCT 
Patients undergoing 
coronary artery 
bypass grafting

HIIT = 33 M = 24/F = 4 60.2 ± 6.9
UN

MICT = 36 M = 24/F = 7 62.0 ± 7.6

24 Ulrik (2007) Norway English RCT 
Patients with stable 
postinfarction heart 
failure

HIIT = 9 M = 7/F = 2 76.5 ± 9
NCT00218933

MICT = 9 M = 7/F = 2 74.4 ± 12

25 Viviane (2014) Belgium English Prospective, RCT Patients with coro-
nary artery disease

HIIT = 100 M = 91/F = 9 57.0 ± 8.8
UN

MICT = 100 M = 89/F = 11 59.9 ± 9.2
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ID Study Setting Supervised Adherence
Adverse 
events

Additional 
stages Interventions Model Intensity Duration Frequency Time Outcomes

1 Anderson 
(2019) Hospital YES

97%

NO

10 min 
warm-up, 
3 min cool-
down

HIIT: high 
intensity 
sprint for 
4 min, active 
recovery for 
3 min, alter-
nating 4 sets Treadmill

80–90% 
 VO2max, 
85–95% 
HRmax, 
15–17 in 
RPE

38 min

3 days/
week 12 weeks MLHF

95% /
MICT: moder-
ate intensity 
running all the 
time

50–60% 
 VO2max, 
60–70% 
HRmax, 
11–13 in 
RPE

47 min

2 Currie 
(2015) UN YES

92%

UN
10 min 
warm-up 
and cool-
down

HIIT: high 
intensity 
cycling for 
1 min, moder-
ate intensity 
cycling for 
1 min, alter-
nating 10 sets

Cycle 
ergometer

85% PPO 
alternat-
ing 10% 
PPO for 
mouth 1, 
100% PPO 
for month 
2, 108% 
PPO for 
month 3, 
121% PPO 
for final 
3 months

20 min

2 days/
week 24 weeks SF-36

90%
MICT: moder-
ate intensity 
cycling all the 
time

57% PPO 
for month 
1–3, 78% 
PPO 
for final 
3 months

30 min at 
start, add 
10 min 
monthly to 
50 min

3 Koufaki 
(2014) Hospital YES 90% UN /

HIIT: high 
intensity 
cycling for 
30 s, moder-
ate intensity 
cycling for 
1 min, alter-
nating 20 sets

Cycle 
ergometer

100% PPO 
alternating 
20–30% 
PPO

30 min

3 days/
week 24 weeks MLHF, 

SF-36

MICT: moder-
ate intensity 
cycling all the 
time

40–60% 
 VO2max

20-30 min 
increasing 
to 40 min

4 Novakovic 
(2018) UN UN

92.90%

NO

5 min 
warm-up 
and cool-
down

HIIT: high 
intensity 
cycling for 
1 min, moder-
ate intensity 
cycling for 
3 min, alter-
nating 8 sets

Cycle 
ergometer

80%  HRmax 
alternat-
ing 60% 
HRmax at 
start, add 
5% HRmax 
after 12th 
and 24th

42 min

2–3 days/
week

12–
18 weeks SF-36

89.20%
8 min 
warm-up, 
7 min cool-
down

MICT: moder-
ate intensity 
cycling all the 
time

70% 
HRmax at 
start, add 
5% HRmax 
after 12th 
and 24th

41 min

5 Nytroen 
(2019) UN YES 81% NO

10 min 
warm-up, 
5 min cool-
down

HIIT: high 
intensity exer-
cise for 4 min, 
active recovery 
for 3 min, 
alternating 
4 sets

Resistance 
training

85–95% 
HRmax, 
81–93% 
 VO2max, 
16–18 in 
RPE

40 min

2–3 days/
week 36 weeks SF-36, 

HADS

MICT: moder-
ate intensity 
exercise all the 
time

Core 
strengthen-
ing exercise

60–80% 
MEC 40 min

Continued
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ID Study Setting Supervised Adherence
Adverse 
events

Additional 
stages Interventions Model Intensity Duration Frequency Time Outcomes

6 Okur 
(2020) Hospital UN 99% UN

10 min 
warm-up 
and cool-
down

HIIT(LV): 
high intensity 
exercise for 
1 min, active 
recovery for 
1 min, alter-
nating 10 sets

UN

85–100% 
 Wmax 
alternating 
50–70% 
 Wmax

30 min

5 days/
week 24 sessions SF-36, 

MacNew

HIIT(HV): 
high intensity 
exercise for 
4 min, active 
recovery for 
3 min, alter-
nating 4 sets

38 min

MICT: moder-
ate intensity 
exercise all the 
time

50–70% 
 Wmax

20 min 
increasing 
to 30 min

7 Reed 
(2021)

University 
of Ottawa 
heart 
institute

YES

73.80%

YES

10 min 
warm-up, 
5-10 min 
cool-down

HIIT: high 
intensity exer-
cise for 4 min 
alternating 
low intensity 
exercise for 
3 min

Treadmill, 
cycle 
ergometer, 
elliptical

85–95% 
HRmax 
alternating 
60–70% 
HRmax

45 min

2 days/
week 12 weeks SF-36, BDI

76.30%
10-15 min 
warm-up, 
15 min 
cool-down

MICT: aerobic 
exercise all the 
time

20-40 bpm 
above 
HRrest, 
12–16 in 
REP

60 min

8
Schon-
felder 
(2021)

Ergoline 
GmbH, 
Bitz

YES 99.20% UN
5 min 
warm-up 
and cool-
down

HIIT: high 
intensity exer-
cise for 4 min, 
active recovery 
for 3 min, 
alternating 
4 sets

Resistance 
training

85–95% 
HRmax 
alternating 
60–70% 
HRmax

25 min

3 days/
week 6 weeks MacNew, 

HADS

MICT: moder-
ate intensity 
exercise all the 
time

Endurance 
training

65–85% 
HRmax 33 min

9 Taylor 
(2020)

Hospital, 
home YES 92.50% YES /

HIIT: high 
intensity exer-
cise for 4 min, 
active recovery 
for 3 min, 
alternating 
4 sets

Treadmill, 
cycle 
ergometer, 
elliptical

85–95% 
HRmax, 
15–18 
alternating 
11–13 in 
RPE

32 min

3 days/
week 52 weeks MacNew

MICT: moder-
ate intensity 
exercise all the 
time

65–75% 
HRmax, 
11–13 in 
RPE

60 min

10 Villafaina 
(2020)

Indoor ten-
nis court YES

100%

NO
8 min 
warm-up, 
10 min 
cool-down

HIIT: high 
intensity 
exercise for 
15 s, 4 sets of 
low intensity 
exercise for 
15 s following 
3 sets of active 
recovery for 
1 min

Tennis

85–90% 
HRmax 
alternat-
ing 50% 
HRmax

60 min

3 days/
week 12 weeks SF-36

90%
MICT: moder-
ate intensity 
exercise all the 
time

70–85% 
HRmax 60 min

11 Yakut 
(2022) Home NO UN NO

10 min 
warm-up 
and cool-
down

HIIT: high 
intensity run-
ning for 4 min 
alternating 
low intensity 
running for 
3 min

Walking

85–95% 
HRmax 
or 15–18 
in RPE 
alternating 
70–75% 
HRmax 
or < 14 in 
RPE

45 min

2 days/
week 12 weeks MacNew

MICT: moder-
ate intensity 
running all the 
time

70–75% 
HRmax, 
12–14 in 
RPE

40-65 min

Continued
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ID Study Setting Supervised Adherence
Adverse 
events

Additional 
stages Interventions Model Intensity Duration Frequency Time Outcomes

12 Xianghui 
Liu (2021) UN YES 95.80% UN

5 min 
warm-up 
and cool-
down

HIIT: high 
intensity 
cycling for 
1 min alternat-
ing low inten-
sity cycling for 
2 min

Cycle 
ergometer

80% 
HRmax 
alternat-
ing 50% 
HRmax

50 min

3 days/
week 16 weeks SF-36

MICT: moder-
ate intensity 
cycling all the 
time

60% 
HRmax 50 min

13 Dall 
(2015)

The heart 
centre, rig-
shospitalet, 
copenha-
gen

YES 94.11% NO
10 min 
warm-up 
and cool-
down

HIIT: high 
intensity 
cycling for 
4 or 2 min, 
active recovery 
for 2 min, 
alternating 
8 sets

Cycle 
ergometer

80% 
HRmax 
alternat-
ing 60% 
HRmax

30 min

3 days/
week 12 weeks SF-36, 

HADS

MICT: moder-
ate intensity 
cycling all the 
time

60–70% 
HRmax 45 min

14
Chih-
Chin Hsu 
(2020)

Hospital YES

76.92%

UN
3 min 
warm-up 
and cool-
down

HIIT: high 
intensity 
cycling for 
3 min, moder-
ate intensity 
cycling for 
3 min, alter-
nating 5 sets

Cycle 
ergometer

80% 
 VO2max 
alternat-
ing 40% 
 VO2max

30 min

2–3 days/
week 36 sessions SF-36

86.67%
MICT: moder-
ate intensity 
cycling all the 
time

60% 
 VO2max

30 min

15 Ellingsen 
(2017) Hospital YES

85.56%

YES

Moderate 
intensity 
warm-up 
and cool-
down

HIIT: high 
intensity exer-
cise for 4 min, 
active recovery 
for 3 min, 
alternating 
4 sets

Treadmill, 
cycle 
ergometer

90–95% 
HRmax 
alternat-
ing active 
recovery

38 min

3 days/
week 12 weeks

KCCQ, 
HADS, 
GMS, 
DS14

76.47% /
MICT: moder-
ate intensity 
exercise all the 
time

60–70% 
HRmax 47 min

16 Dunford 
(2021) Hospital YES

100 ± 105%

NO
10 min 
warm-up, 
5 min cool-
down

HIIT: 
continuously 
ascending and 
descending 
the stairs six 
times (12 
steps), active 
recovery for 
90 s, alternat-
ing 3 sets

Stair climb-
ing

20 alternat-
ing 14–15 
in RPE

3 sets 6 sessions 
in hospital, 
3 sessions/
week in 
home

12 weeks QLMI

104 ± 75%
MICT: moder-
ate intensity 
exercise all the 
time

Treadmill, 
cycle 
ergometer, 
walking

60–80% 
HRR, 
11–13 in 
RPE

30 min

17 McGregor 
(2023) UN YES

72.72%

YES 10-15 min 
warm-up

HIIT: high 
intensity 
cycling for 
1 min, moder-
ate intensity 
cycling for 
1 min, alter-
nating 10 sets

Cycle 
ergometer, 
walking

85–90% 
PPO 
alternating 
20–25% 
PPO

10 sets

2 days/
week 8 weeks EQ-5D

78.97%
MICT: moder-
ate intensity 
exercise all the 
time

40–70% 
HRR, 
60–80% 
MEC

20-40 min

Continued
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ID Study Setting Supervised Adherence
Adverse 
events

Additional 
stages Interventions Model Intensity Duration Frequency Time Outcomes

18 Koldobika 
(2016) Hospital YES

92%

NO

12, 10, 
7 min 
warm-up, 
13, 10, 
8 min 
cool-down 
for week 
1–3, 5 min 
warm-
up and 
cool-down 
for final 
5 weeks

HIIT: high 
intensity 
cycling for 
20 s, moder-
ate intensity 
cycling for 
40 s, alternat-
ing 15 sets at 
first, add 5 sets 
weekly

Cycle 
ergometer

50% MEC 
alternating 
10%MEC

40 min

3 days/
week 8 weeks SF-36, 

MacNew

87.50%
MICT: moder-
ate intensity 
cycling all the 
time

VT1 for 
week 1–4, 
VT1 + 10% 
for week 
5–8

40 min

19 Mikel 
(2020)

University 
of Basque 
Country

YES UN UN
5-10 min 
warm-up, 
10 min 
cool-down

HIIT(LV): 
high intensity 
exercise for 
30 s, moderate 
intensity exer-
cise for 90 s, 
alternating 
9 sets

Cycling, 
walking, 
swimming

90% 
 VO2max 
alternat-
ing 65% 
 VO2max

20 min

5–7 days/
week 16 weeks SF-36

HIIT(HV): 
high intensity 
exercise for 
30 s, moderate 
intensity exer-
cise for 90 s, 
alternating 18 
sets

90% 
 VO2max 
alternat-
ing 65% 
 VO2max

45 min

MICT: aerobic 
continuous 
exercise all the 
time

65% 
 VO2max

45 min

20 Pattyn 
(2016) Hospital YES

85%

YES

10 min 
warm-up

HIIT: high 
intensity 
cycling for 
4 min, active 
recovery for 
3 min, alter-
nating 4 sets

Cycle 
ergometer

85–95% 
HRmax 
alternating 
50–70% 
HRmax

38 min

3 days/
week 12 weeks SF-12

89%
5 min 
warm-up 
and cool-
down

MICT: moder-
ate intensity 
cycling all the 
time

70–75% 
HRmax 47 min

21
Papatha-
nasiou 
(2020)

Center of 
rehabilita-
tion and 
sports 
medicine

YES

93.75%

NO

10 min 
warm-up, 
5 min cool-
down

HIIT: high 
intensity exer-
cise alternat-
ing moderate 
intensity 
exercise for 
3 sets

Body-
weight 
training

90% 
HRmax 
alternat-
ing 70% 
HRmax

40 min

2 days/
week 12 weeks MLHF

88.23% /
MICT: moder-
ate intensity 
cycling all the 
time

Cycle 
ergometer

70% 
HRmax 40 min

22 Reed 
(2022)

Center of 
rehabilita-
tion and 
sports 
medicine

YES

76.19%

YES

2 min 
warm-up, 
1 min cool-
down

HIIT: high 
intensity 
cycling for 
30 s, active 
recovery for 
30 s, alternat-
ing 20 sets

Cycle 
ergometer

80–100% 
PPO 
alternat-
ing active 
recovery

23 min

2 days/
week 12 weeks SF-36

92.85%
10-15 min 
warm-up, 
15 min 
cool-down

MICT: aerobic 
continuous 
exercise all the 
time

Cycling, 
walking, 
elliptical, 
rowing

UN 60 min

23 Trine 
(2009)

Center of 
rehabilita-
tion and 
sports 
medicine, 
home

YES

84.84%

NO

8 min 
warm-up, 
5 min cool-
down

HIIT: high 
intensity 
running for 
4 min, active 
recovery for 
3 min, alter-
nating 4 sets

Treadmill

90% 
HRmax 
alternat-
ing active 
recovery

41 min

5 days/
week 4 weeks MacNew

86.11% /
MICT: moder-
ate intensity 
running all the 
time

70% 
HRmax 46 min

Continued
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Methodological quality. The details of the quality assessment are summarized in Fig.  2. In the qual-
ity assessment, three differences appeared between researchers regarding two  studies31,33, involving random 
sequence generation, assignment hiding, and blind setting of outcome evaluators. All of these issues were 
resolved after discussion among researchers. The consistency among the evaluators was as follows: Kappa value, 
0.961; weighted Kappa value, 0.968; and intraclass correlation coefficient, 0.979 (two-way random, absolute 
agreement). However, there were some methodological flaws among blinded participants and interventionists, 
and these studies were rated as having a high risk of bias.

GRADE of evidence. According to the Grading of Recommendations and Assessment Development and 
Evaluation (GRADE) evidence summary, the certainty of QOL, physical component summary (PCS), mental 
component summary (MCS), and anxiety was moderate, but the certainty of depression was low. Detailed results 
are shown in Supplement 2.

Outcomes. QOL. QOL was reported in 10 of the 23 included  studies24,26,28,30,31,33,34,40,43,45. The effect size 
synthesis was performed using the standardized mean difference (SMD) in the meta-analysis. There was signifi-
cant heterogeneity between studies  (I2 = 79.9%, P < 0.001). The RE analysis showed that the difference in QOL 
levels between the HIIT and MICT groups was not statistically significant (SMD = 0.21, 95% CI  − 0.18 ~ 0.61, 
Z = 1.06, P = 0.290), as shown in Fig. 3.

PCS. PCS levels were reported in 12 of the 23  studies12,25,27,29,32,33,36,37,41,42,46,47. The SMD was used in the meta-
analysis for effect size synthesis, and no between-study heterogeneity was detected  (I2 = 0.00%, P = 0.730). The 
FE analysis showed that the difference in PCS levels between the HIIT and MICT groups was not statistically 
significant (SMD = 0.10, 95% CI  − 0.03 ~ 0.23, Z = 1.52, P = 0.128). However, the subgroup analysis showed that, 
in patients with coronary heart disease, PCS was significantly higher in the HIIT group compared to the MICT 
group (SMD = 0.23, 95% CI  0.05 ~ 0.41, Z = 2.45, P = 0.014), as shown in Fig. 4.

MCS. MCS levels were reported in 12 of the 23  studies12,25,27,29,32,33,36,37,41,42,46,47. The SMD was used in the meta-
analysis for effect size synthesis, and low heterogeneity was observed between studies  (I2 = 18.6%, P = 0.261). The 
FE analysis showed that the difference in MCS levels between the HIIT and MICT groups was not statistically 
significant (SMD = 0.07, 95% CI  − 0.05 ~ 0.20, Z = 1.13, P = 0.259), as shown in Fig. 5.

Depression. Depression levels were reported in 5 of the 23  studies27,29,30,36,38. The SMD was used in the meta-
analysis for effect size synthesis, and significant heterogeneity was detected between the studies  (I2 = 53.5%, 
P = 0.072). The FE analysis showed that the difference in depression levels between the HIIT and MICT groups 
was not statistically significant (SMD = − 0.08, 95% CI  − 0.40 ~ 0.25, Z = − 0.46, P = 0.646), as shown in Fig. 6.

ID Study Setting Supervised Adherence
Adverse 
events

Additional 
stages Interventions Model Intensity Duration Frequency Time Outcomes

24 Ulrik 
(2007)

Hospital, 
home YES

92 ± 2%

NO

10 min 
warm-up, 
3 min cool-
down

HIIT: high 
intensity run-
ning for 4 min 
alternating 
active recovery 
for 3 min

Treadmill, 
outdoor 
uphill 
walking

90–95% 
HRmax 
alternating 
50–70% 
HRmax

38 min

3 days/
week 12 weeks MacNew

95 ± 3% /
MICT: moder-
ate intensity 
running all the 
time

70–75% 
HRmax 47 min

25 Viviane 
(2014) Hospital YES

85%

NO

10 min 
warm-up

HIIT: high 
intensity 
cycling for 
4 min, active 
recovery for 
3 min, alter-
nating 4 sets

Cycle 
ergometer

85–90% 
 VO2max, 
90–95% 
HRmax, 
alternating 
60–70% 
HRmax

38 min

3 days/
week 12 weeks SF-12

89%
5 min 
warm-up, 
5 min cool-
down

MICT: moder-
ate intensity 
cycling all the 
time

60–70% 
 VO2max, 
65–75% 
HRmax

47 min

Table 2.  Exercise intervention characteristics. UN unclear, NO no mention, RPE rating of perceived exertion, 
HRmax maximal heart rate, VO2max maximal oxygen consumption, VT ventilatory threshold, PPO peak 
power output, MLHF Minnesota living with heart failure questionnaire, SF-36 the MOS 36-item short-
form health survey, SF-12 the MOS 12-item short-form health survey, MacNew the MacNew heart disease 
health related quality of life instrument, KCCQ the Kansas city cardiomyopathy questionnaire, DS14 type D 
personality scale-14, GMS geriatric mental status scale, QLMI the quality of life after myocardial infarction 
questionnaire, EQ-5D the EuroQOL instrument, HADS hospital anxiety and depression scale, BDI back 
depression inventory.
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Anxiety. Anxiety levels were reported in 4 of the 23  studies27,30,36,38. The WMD was used in the meta-analysis 
for effect size synthesis, and no between-study heterogeneity was observed  (I2 = 0.0%, P = 0.832). The FE analysis 
showed that the difference in anxiety levels between the HIIT and MICT groups was not statistically significant 
(WMD = 0.14, 95% CI  − 0.56 ~ 0.84, Z = 0.39, P = 0.694), as shown in Fig. 7.

Additional analyses. In addition to PCS and MCS, this study conducted additional analyses of sub-indicators 
for eight dimensions of quality of life: physical functioning (PF), role-physical (RP), bodily pain (BP), general 
health (GH), vitality (VT), social functioning (SF), role-emotional (RE), MH, and reported health transition 
(HT). Ten of the 23 studies reported, in detail, on the eight sub-dimensions of SF-36 and SF-1225,28,29,32,33,35,36,41,47. 
Therefore, additional analyses were performed on these dimensions. Surprisingly, the HIIT group was superior 
to the MICT group for three dimensions, namely RP, VT, and SF, and the differences were statistically significant. 
The results of the meta-analysis for RP (SMD = 0.23, 95% CI  0.04 ~ 0.41, Z = 2.36, P = 0.018) and the FE analysis 

Figure 2.  Risk of bias summary.
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Figure 3.  The results of meta-analyses of the effect of quality of life. The results of HIIT and MICT are shown 
as: mean, standard deviation (sample size).

Figure 4.  The results of meta-analyses of the effect of physical component summary. The results of HIIT and 
MICT are shown as: mean, standard deviation (sample size).
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Figure 5.  The results of meta-analyses of the effect of mental component summary. The results of HIIT and 
MICT are shown as: mean, standard deviation (sample size).

Figure 6.  The results of meta-analyses of the effect of depression. The results of HIIT and MICT are shown as: 
mean, standard deviation (sample size).
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of VT (SMD = 0.22, 95% CI  0.04 ~ 0.39, Z = 2.46, P = 0.014), and SF (SMD = 0.17, 95% CI  0.00 ~ 0.35, Z = 1.98, 
P = 0.048) are shown in Table 3 and Fig. 8, and further details are displayed in Supplement 3.

Sensitivity analyses. In the sensitivity analyses for QOL, PCS, MCS, depression, and anxiety, after each of 
the included studies were excluded one-by-one, the overall effect values of the remaining studies fell within the 
95% CI range of the original overall effect value, indicating that the meta-analysis results for QOL, PCS, MCS, 
depression, and anxiety were highly stable and contained no influential studies, as shown in Fig. 9.

Publication bias. Publication bias was assessed regarding QOL, PCS, and MCS. In the funnel plot of QOL, 
results were distributed on both sides of the symmetry axis. The funnel plots appeared to be asymmetric, sug-
gesting that publication bias may exist in the data regarding QOL; however, the results of the egger test showed 
no publication bias (t = 1.21, P = 0.260). In the results both of PCS and MCS, the funnel plots were symmetric, 
suggesting that the data for PCS and MCS were not influenced by publication bias, as supported by the results 
of the egger test (t = − 1.89, P = 0.087 and t = 0.76, P = 0.466, respectively). According to the principle of inclusion 
and testing of publication bias, the analysis did not include depression and anxiety due to the limited availability 
of literature, with less than 10 studies  available48,49, as shown in Fig. 10.

Figure 7.  The results of meta-analyses of the effect of anxiety. The results of HIIT and MICT are shown as: 
mean, standard deviation (sample size).

Table 3.  The results of meta-analyses of the effect of eight dimensions of quality of life.

Dimension Number of studies

Heterogeneity

Effect model

Meta analysis results

I2 P SMD (95% CI) Z P

PF 9 24.80% 0.223 FE 0.08 (− 0.09,0.25) 0.91 0.362

RP 8 0.00% 0.654 FE 0.23 (0.04,0.41) 2.36 0.018

BP 9 0.00% 0.801 FE 0.03 (− 0.14,0.20) 0.33 0.743

GH 9 28.90% 0.188 FE 0.15 (− 0.02,0.32) 1.69 0.09

VT 9 43.40% 0.078 FE 0.22 (0.04,0.39) 2.46 0.014

SF 9 0.00% 0.763 FE 0.17 (0.00,0.35) 1.98 0.048

RE 8 0.00% 0.775 FE 0.10 (− 0.08,0.29) 1.09 0.276

MH 8 0.00% 0.473 FE 0.10 (− 0.08,0.27) 1.09 0.276
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Discussion
The current systematic review aimed to investigate the effects of HIIT and MICT on the QOL and MH of patients 
with CVDs by searching 8 electronic databases and evaluating 25 relevant articles. The study conducted a fur-
ther analysis on the effects of HIIT and MICT on eight sub-dimensional indicators, including PF, RP, BP, GH, 
VT, SF, RE, and MH in QOL, with subgroup analyses based on population differences. The results showed that 
HIIT and MICT have similar effects on improving QOL and MH in patients with CVDs. However, HIIT is more 

Figure 8.  The results of meta-analyses of the effect of eight sub-dimensions in QOL. The results of HIIT and 
MICT are shown as: mean, standard deviation (sample size).
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conducive to the restoration of physiological functions and self-perceived energy, as well as to the alleviation of 
functional limitations associated with the condition, thus promoting the healthy development of the patient’s 
social adjustment. Notably, this effect was particularly pronounced in patients with CAD.

As the concept of health changes under the model of bio-psycho-social medicine, the measurement of health 
is gradually changing from a single physical health measurement to a multidimensional measurement of physi-
cal, psychological, social, and subjective well-being. The WHO define health as a state of complete physical, 
mental, and social well-being and not merely the absence of disease or  infirmity3. QOL, as an important health 
assessment indicator, is defined as an individual’s perception of their position in life in the context of the culture 
and value systems in which they live and in relation to their goals, expectations, standards, and concerns. These 
include individual physiology, psychology, social function, and material  state50. For patients with CVDs, QOL is a 
comprehensive concept centered on patients’ subjective feelings and encompassing multidimensional assessment 
indicators. Similar to cardiac function, blood markers, cardiovascular events, or other types of clinical indica-
tors, QOL during a patient’s return visit is an important metric for evaluating the effectiveness of the health care 
services the patient  received6. In contrast to traditional methods of survival analysis, the QOL evaluation system 
also includes an investigation of the patient’s physiological status. However, the difference is that the process is 
conducted from the patient’s subjective point of view, and therefore, the measurements can be more sensitive to 
the changes in physiological feedback, proprioception, and attitudes toward treatment during  CR35. Therefore, 
health-related QOL is often measured using subjective questionnaires, including general health-related QOL 
(general tool) and health-related QOL in specific disease-related areas (specific tool)51,52. Currently, the majority 
of clinical trials involving CVDs include QOL as an essential indicator. Through the observation of QOL, physi-
cians and caregivers can have a clearer understanding of the patient’s treatment progress from a multidimensional 
perspective and make timely adjustments to optimize CR.

Figure 9.  The results of sensitivity analyses.

Figure 10.  The results of publication bias.
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Previous meta-analyses have demonstrated that HIIT is superior to MICT in improving physiological mark-
ers, such as flow mediated dilation, mitochondrial function in skeletal muscle, maximal oxygen consumption 
 (VO2max), blood pressure, and lipid control in patients with  CVDs31,45,53. However, the number of reports on 
subjective markers, such as QOL, is more limited. Both QOL and MH were included in this study as primary out-
come indicators, and there were no strict inclusion criteria for participant eligibility, except for the type of disease. 
Therefore, general health-related QOL was used in the analysis of QOL, which has good reliability and  validity54. 
Although there was little difference between HIIT and MICT regarding the improvement of PCS and MCS in the 
majority of patients, the effect of HIIT in improving PCS in patients with CAD was significant. This outcome, 
in part, supports the first hypothesis of the current study, which suggests that HIIT enhances the rehabilitative 
efficiency of physiological functions during CR in patients with CAD, which is consistent with the outcomes of 
two previous meta-analyses13,55. However, the difference to the present study is that other studies only included 
objective indexes, including  VO2max, anaerobic threshold, and peak power output (PPO), whereas in the present 
study, PCS was evaluated on the basis of the patient’s proprioception. Therefore, it can be concluded that HIIT 
has a combined benefit for patients with CAD, which may be related to the physiological mechanisms by which 
HIIT positively affects several aspects of health. Regular HIIT promotes the onset of mitochondrial adaptations 
within skeletal muscle; an effect that not only enhances the efficiency of adenosine triphosphate  supply56, but also 
contributes to the improvement of lipid oxidation and glucose metabolism, which leads to the regulation of blood 
pressure and blood  lipids57. Concurrently, repetitive high- and low-intensity stimulation mediates myocardial 
remodeling, including an increase in ventricular wall thickness and ventricular volume. Myocardial adaptation 
improves the heart’s pumping capacity, thereby increasing cardiorespiratory fitness and aerobic endurance in 
 exercisers16,58. Furthermore, the physiological adaptations induced by HIIT were also reflected in improvements 
to lactate threshold and exercise  tolerance59. These factors may explain why HIIT induced superior improvements 
in RP, VT, and other sub-indices than those of MICT in the present study.

In addition, differences in PCS were related to different disease types, and the present study suggests the fol-
lowing explanations. This finding may be due to differences in pathological characteristics of patients with dif-
ferent types of CVDs, which leads to heterogeneity in the effectiveness of the training and feedback at the return 
visit. For example, in patients with tetralogy of Fallot, congenital ventricular septal defects lead to conditions 
such as pulmonary stenosis, overriding aorta, and right ventricular hypertrophy; thus, limiting the promotion of 
CRF by  HIIT60. Tolerance and adaptation to exercise are also important factors, and heart transplant recipients 
may require longer cycles of CR to gradually adapt to high intensity  training61. In contrast, the longest exercise 
cycle for the group of patients in the present study was only 36 weeks, and thus, good temporal efficacy may not 
have been achieved. In patients with ischemic heart disease, insufficient blood supply to the coronary arteries is 
 prevalent62, which may affect the degree of saturation of the exercise, resulting in failure to meet the established 
intensity requirements and exercise goals. In addition, HIIT may cause arrhythmias in patients with atrial fibril-
lation (AF)63. In such cases, for safety reasons, physicians and caregivers may adjust the intensity of the exercise 
program. The experiments involving patients with AF in the present study used PPO as an index of  intensity47. 
Unlike absolute indexes, such as maximum heart rate or  VO2max, PPO is a relative index based on the patient’s 
own maximal power output as a baseline, and hence, may contribute to the differences in exercise intensity and 
intervention effects. Finally, in terms of the results reported for exercise intervention characteristics, despite the 
high intensity and difficulty of HIIT, adherence to both types of exercise exceeded 70%, with a difference of no 
more than 5%64. Concurrently, the duration of HIIT was generally shorter than that of MICT; therefore, HIIT 
improves the efficiency of CR.

MH is an important clinical assessment and includes the evaluation of many psychological factors. Among 
them, depression and anxiety are important indicators that often appear in self-assessment entries during the 
return visit of patients with clinical  diseases65,66. Both diseases are closely related to patients’ QOL and social 
 adjustment67. The presence of anxiety and depression can lead to psychological distress, dysfunction, and social 
problems, and in severe cases, can lead to heart disease, immune deficiency, and other physical health  problems68. 
For patients with CVDs, a study conducted over a 10-year period found that the development of CVDs is 
strongly associated with poor mood. The prevalence of depression was 9.2% and 4.9% in patients with CAD 
and hypertension, respectively, while the prevalence of anxiety was 45.8% and 47.2% for patients with CAD and 
hypertension, respectively. Before percutaneous coronary intervention, anxiety was present in 70% of patients 
and definite depression in 38%69. Therefore, MH is particularly important in CR, and a favorable psychological 
state will have a positive effect on the individual’s efficiency in recovering from the disease, social adaptability, and 
psychological resilience. In recent years, MH disorders, including depression and anxiety, have been increasingly 
used as assessment indicators in the return visit of patients during rehabilitation. MH can be assessed primarily 
on the basis of scales such as the Beck Depression Inventory and Hospital Anxiety and Depression  Scale30,37. 
Through the observation of the two, physicians and nursing staff can more intuitively understand the changes 
in the patients’ psychological state and negative emotions during CR, which is of certain significance for the 
development and adjustment of nursing care.

Currently, medication is the main method of intervention for depression and anxiety; however, adverse effects 
and addiction may lead to poor efficacy and affect the QOL of  patients70. In recent years, with the increasing 
integration of physical medicine, exercise has been used as an MH intervention in selected clinical trials. There 
is evidence that elevated exercise intensity induces higher levels of MH improvement, e.g. HIIT may be superior 
to MICT in reducing depression and anxiety  levels27,71,72. However, in this review, no significant differences were 
observed between the effects of HIIT and MICT on anxiety and depression among patients with CVDs. There-
fore, the second hypothesis of this study cannot be accepted based on the current results. Notably, the sensitivity 
analyses of depression outcomes showed that depression data were unstable, which may be explained by the 
large heterogeneity between  studies27. Nonetheless, the present study speculates that this result may still be due 
to differences in the duration and intensity of the intervention period.
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In addition, the results of the QOL sub-indicator showed that HIIT improved SF better than did MICT. The 
present study suggests that this may be due to the different psychological mechanisms of the two exercise types 
in affecting SF. Some studies have found that high-intensity exercise is superior to other exercises in improving 
physical form, self-esteem, self-confidence, and positive  mood73 and that acute HIIT may lead to greater exercise 
achievement and self-satisfaction74. Therefore, the present study suggests that appropriate exercise can improve 
MH, and HIIT may be more beneficial for enhancing social well-being, such as restoring confidence and return-
ing to work, in patients with late CR.

Due to the unique physical condition of patients with CVDs, it is particularly important to prescribe the cor-
rect intensity and monitor the load of their physical exercise, considering the risk factors of inappropriate activity. 
By this means, a positive effect of recovery can be achieved only through reasonable exercise on the basis of avoid-
ing the exacerbation of the patients’  condition32. Among the studies included in this paper, in addition to QOL 
as an outcome index, body mass index, heart rate,  VO2max, 6 min walking performance, and exercise tolerance 
were among the additional variables measured to examine the effect of difference exercise regimens on patients.

In recent years, studies have confirmed that moderate HIIT can improve cardiopulmonary function and QOL 
in patients with CAD or HF. However, due to the alternating high- and low-intensity nature of the program, 
it is risky as a primary rehabilitation program for patients with myocardial infarction, tetralogy of Fallot, AF, 
and heart transplant  recipients28,30. Therefore, this paper suggests that MICT performed with a constant load as 
the dominant training program, interspersed with HIIT, may have a positive impact on patients’ alleviation of 
negative emotions, restoration of exercise capacity, and promotion of overload recovery. Real-time monitoring 
of patients’ physiological load throughout training, for instance using cardio-pulmonary exercise testing, is 
beneficial for not only assessing the patient’s risk of cardiac emergencies, but also allowing the development of 
an individualized cardiac rehabilitation treatment  strategy29. In addition, it is possible to record real-time heart 
rate, target heart rate, heart rate variability (HRV), blood glucose and lactate concentrations,  VO2max, rating of 
perceived exertion, basal metabolic rate, and metabolic index, among other parameters, during exercise to give 
patients the best exercise experience with minimal invasiveness. This not only ensures activity and training 
quality, but also reduces cardiac burden and injury risk and prevents exacerbation and recurrence of the disease.

Limitations and suggestions for future research. This study was conducted in strict accordance with 
the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement, but there are 
still some limitations: (i) there are some differences in intensity, duration, and frequency of intervention among 
studies, which produced large heterogeneity. Moreover, after sensitivity analysis and subgroup analysis, hetero-
geneity of some outcomes was not eliminated; (ii) some studies included small sample sizes, which may have 
influenced the results.

We recommend that future research should focus on expanding the following areas. First, questions regarding 
the extent to which internal control, exercise format, and sex differences influence the effects of HIIT need to 
be further explored. Nevertheless, due to a paucity of relevant literature and limited number of studies included 
in the present analysis, more high-quality studies need to be conducted to subsequently validate them. Second, 
the results of this study show that HIIT and MICT have similar effects on the improvement of QOL and MCS 
total scores in patients with CVDs, but HIIT has a significant advantage on the improvement of PCS total scores 
in patients with CAD. HIIT has a low time burden and high enjoyment levels. These factors improve compli-
ance with HIIT, making it an effective alternative to MICT. It is recommended that HIIT be promoted as a form 
of exercise in the rehabilitation of patients with CAD. In this way, more rehabilitation options are available to 
patients with CVDs. Third, studies have shown that exercise preference and level of enjoyment affect exercise 
 adherence75. Exercisers can choose exercise based on their personal preferences to improve exercise adherence. 
HIIT has similar beneficial effects on QOL and MH compared to MICT, which helps exercisers choose exercise 
patterns based on their preferences. HIIT has similar or higher levels of enjoyment and adherence than  MICT76. 
Also, HIIT has a shorter workout duration than  MICT28. Lack of time is one of the most common reasons for 
not exercising. Therefore, exercise forms with the least time investment and the same exercise effect may be an 
effective way to improve exercise adherence in the  population77,78. Studies have shown that reducing the time 
needed to achieve health improvements can help increase adherence  rates79,80. In this review, the efficacy of 
HIIT was superior to MICT. In addition, the vast majority of the 25 papers included in this study were found to 
include warm-up and cool-down periods in their exercise programs, indicating the importance of pre- exercise 
and post-exercise preparation. Fourth, the results of this study differ from the findings of Gomes et al. and Xiong 
et al.81,82, which may be due to differences in the pathological characteristics of patients with CVDs included in 
the present study. Future research should be targeted to a particular patient population, and the best exercise 
modality should be selected based on the pathological characteristics of the patient. Thus, it is recommended 
that future studies should refine the study population to obtain more precise outcomes.

Conclusions
Three conclusions can be derived from this work: (1) The effects of HIIT and MICT on QOL were similar in 
patients with CVDs, but the physiologic health-promoting effects of HIIT were more pronounced in patients 
with CAD; (2) HIIT is more conducive to alleviating functional limitations based on physical problems, restor-
ing self-perceived energy, and improving social adaptability; and (3) HIIT and MICT have similar moderating 
effects on MH, but HIIT increases the efficiency of exercise. Therefore, this study concluded that HIIT is highly 
valuable and should be promoted in the treatment and rehabilitation phase of patients with CVDs.



18

Vol:.(1234567890)

Scientific Reports |        (2023) 13:13915  | https://doi.org/10.1038/s41598-023-40589-5

www.nature.com/scientificreports/

Methods
This systematic review was registered at PROSPERO (CRD42022313051), followed the Cochrane guidelines, 
and complied with the PRISMA  checklist48,49.

Data sources and search strategy. Eight databases were searched including Web of Science (Science 
and Social Science Citation Index), MEDLINE(R)ALL, Embase, Cochrane Central Register of Controlled Trials 
(CENTRAL), CINAHL, China National Knowledge Infrastructure, Wanfang Database, and China Science and 
Technology Journal Database. Using PubMed as an example, see Box 1 for details of the search terms. The search 
was conducted from the database establishment to July 2023. The relevant information was sought through the 
included references, and unpublished academic literature was not searched.

Box 1 PubMed search strategy. #1 ((HIIT[Title/Abstract]) OR (SIT[Title/Abstract]) OR (AIC[Title/
Abstract]) OR (High intensity interval training[MeSH Terms]) OR (High intensity interval training[Title/
Abstract]) OR (High intensity functional training[Title/Abstract]) OR (High intensity power training[Title/
Abstract]) OR (High intensity endurance training[Title/Abstract]) OR (High intensity circuit training[Title/
Abstract]) OR (Sprint interval training[Title/Abstract]) OR (Aerobic interval training[Title/Abstract]) OR 
(Interval training[Title/Abstract])).

#2 ((AE[Title/Abstract]) OR (AT[Title/Abstract]) OR (MICT[Title/Abstract]) OR (ACT[MeSH Terms]) 
OR (Aerobic exercise[MeSH Terms]) OR (Moderate intensity continuous training[Title/Abstract]) OR (Aero-
bic continuous training[MeSH Terms]) OR (Moderate intensity training[Title/Abstract]) OR (Continuous 
training[Title/Abstract])).

#3 ((Cardiovascular disease[MeSH Terms]) OR (Coronary heart disease[MeSH Terms]) OR (Angina 
pectoris[MeSH Terms]) OR (Hypertension[MeSH Terms]) OR (Hyperlipidemias[MeSH Terms]) OR (Heart 
failure[MeSH Terms]) OR (Myocardial infarction[MeSH Terms]) OR (Heart transplantation[MeSH Terms]) 
OR (Stroke[MeSH Terms]) OR (Arrhythmias, Cardiac[MeSH Terms]) OR (Atherosclerosis[MeSH Terms]) 
OR (Pericarditis[MeSH Terms]) OR (Myocarditis[MeSH Terms]) OR (Cardiomyopathies[MeSH Terms]) 
OR (Heart defects, Congenital[MeSH Terms]) OR (Heart valve diseases[MeSH Terms]) OR (Tetralogy of 
Fallot[MeSH Terms]) OR (Heart transplantation[MeSH Terms]) OR (Aneurysm[MeSH Terms]) OR (Cardiac 
conduction system disease[MeSH Terms]) OR (Endocarditis[MeSH Terms]) OR (Thromboembolism[MeSH 
Terms]) OR (Thrombosis[MeSH Terms]) OR (Aortic valve stenosis[MeSH Terms]) OR (Aortic valve closure 
insufficiency[MeSH Terms]) OR (Atrial fibrillation[MeSH Terms]) OR (Pericardial effusion[MeSH Terms]) 
OR (Hypertrophy, Left ventricular[MeSH Terms]) OR (Hypertrophy, Right ventricular[MeSH Terms]) OR 
(Cardiomyopathy, Hypertrophic, Familial[MeSH Terms]) OR (Mitral valve prolapse[MeSH Terms]) OR 
(Chronic venous insufficiency[Title/Abstract]) OR (Elastic plaque[Title/Abstract]) OR (Abnormal heart 
structure[Title/Abstract]) OR (Arteriostenosis[Title/Abstract]) OR (Arterial stenosis[Title/Abstract])).

#4 ((QOL[Title/Abstract]) OR (MH[Title/Abstract]) OR (Life quality[Title/Abstract]) OR (Health related 
quality of life[Title/Abstract]) OR (Quality of life[MeSH Terms]) OR (Mental health[MeSH Terms]) OR 
(Mental health[MeSH Terms]) OR (Mental well-being[Title/Abstract])).

#5 #1 AND #2 AND #3 AND #4

Study selection. Based on the PICOS, the relevant studies were selected (Table 4). The inclusion criteria 
were randomized controlled trials (RCTs); literature written in English or Chinese and published in academic 
journals; studies involving patients with all currently known types of CVDs; comparison between HIIT and 
MICT exercise interventions; the form of exercise must be consistent with the characteristics of HIIT and MICT; 
the results were discussed based on QOL and MH, including depression and anxiety, of patients with CVDs. 
Literature with combined exercise or did not group exercise was excluded. The outcome indicators were QOL 
and MH, including depression and anxiety, based on subjective scales.

Data extraction. According to the screening criteria, two researchers independently read the title and 
abstract of the retrieved literature. Then, the full texts of studies that met the primary screening criteria were 
screened and the relevant literature was obtained. Disagreements regarding the literature selection were resolved 
through discussions among the researchers.

Literature screening was performed using Endnote X9 software by two independent investigators; first, with 
a round of screening based on title and abstract, and second, by downloading the full text of the literature to 

Table 4.  PICOS-based eligibility criteria.

PICOS Criteria

Participants Patients with cardiovascular disease

Intervention HIIT or MICT

Comparison HIIT or MICT in patients with cardiovascular disease

Outcome Quality of life (QOL evaluation scale) and mental health (depression and anxiety evaluation scale)

Study design Randomized controlled trial
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determine its eligibility for inclusion. Extracted data included the year of publication, country, patient details, 
number of cases, age, exercise intervention, and outcome indicators.

Quality assessment. The quality of RCTs was evaluated using the tools of the Cochrane  Collaboration83. 
Grading of Recommendations and Assessment Development and Evaluation (GRADE) was used to evaluate the 
quality of evidence with a web-based version (https:// grade pro. org). In this study, based on the GRADE criteria 
for grading the quality of evidence, the criteria for assessing and downgrading the quality of literature were cate-
gorized into five items: risk of bias, inconsistency, indirectness, imprecision, and other considerations, according 
to which the risk level was  evaluated84. Any differences in the quality assessment were resolved through discus-
sions among researchers, and if consensus could not be reached, senior researchers were consulted.

Data analysis. Meta-analyses were performed using Stata 17.0 software. All data extracted in this study 
were continuous variables. If the evaluation measures of outcome indicators were the same, the weighted mean 
difference (WMD) was used for effect size comparison; if the evaluation measures of outcome indicators were 
different, the standardized mean difference (SMD) was used for effect size comparison. The calculation of 
WMD/SMD and the analysis of the results in this study were performed using the methodology described by 
Khan and  Schober85,86. If a trial included multiple exercise interventions and a shared control group, we com-
bined the interventions according to the appropriate formula in the Cochrane Systematic Review of Interven-
tions  Manual48. The  I2 test was used to assess heterogeneity, with an  I2 of 25–50% classified as low heterogeneity, 
50–75% as moderate heterogeneity, and > 75% as severe  heterogeneity87. The FE model was used when  I2 ≤ 50% 
and the RE model was used when  I2 > 50%. The results of the meta-analysis were presented in the form of forest 
maps. Literature publication bias was assessed using funnel plots and the Egger’s  test88. A sensitivity analysis was 
performed by using the one-by-one elimination method.

Data availability
Data are available upon reasonable request. The datasets used and/or analyzed during the current study are 
available from the corresponding author upon reasonable request.
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