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Objective
To assess the effectiveness of High-Intensity Interval Training (HIIT) on cardiometabolic outcomes in Middle-Aged and Elderly Populations (MAEP) with chronic diseases.
Methods
Four databases (PubMed, Cochrane Library, Embase, and Web of Science) were searched from inception to May 50, 2025. Software package RevMan version 5.4 and Stata 18 were conducted to determine publication bias and randomized controlled trials (RCTs) exploring the impacts of HIIT to components of high-density lipoprotein cholesterol (HDL-C), systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting blood glucose (BG), and triglyceride (TG) on MAEP with chronic diseases. Subgroup moderator analyses were conducted based on the intervention duration and geographic region.
Results
Out of 6,106 studies, 21 RCTs involving 1,066 participants were included. HIIT significantly benefits for DBP (SMD = −0.23, 95% CI: −0.39 to −0.08, p < 0.01), HDL-C (SMD = 0.41, 95% CI: 0.11 to 0.71, p < 0.01), TG (SMD = −0.68, 95% CI: −1.20 to −0.16; p < 0.05) and BG (SMD = −0.37, 95% CI: −0.69 to −0.06; p < 0.05), However, HIIT did not significantly reduce SBP (SMD = −0.14, 95% CI: -0.38 to 0.11, p > 0.05) among MAEP with chronic diseases. Subgroup analyses suggested that HIIT protocols with intervention duration and geographic region significantly reduced heterogeneity for outcomes such as SBP and HDL-C.
Conclusion
While HIIT did not significantly reduce SBP, it yielded meaningful benefits for DBP, HDL-C, TG, and BG in MAEP with chronic diseases. The findings suggest that the effectiveness of HIIT may vary by region and intervention duration, highlighting the importance of tailoring HIIT protocols to specific populations and contexts.
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1 INTRODUCTION
Cardiometabolic diseases, such as dyslipidemia, type 2 diabetes, hypertension, and cardiovascular conditions, continue to represent the foremost contributors to worldwide morbidity and death, with their burden most pronounced among middle-aged and elderly populations (MAEP). With the global demographic shift toward aging societies, the prevalence of chronic diseases is projected to rise further, creating profound challenges for healthcare systems and generating substantial economic and societal burdens (Bloom et al., 2015). Consequently, there is an urgent need for effective, feasible, and sustainable interventions to mitigate cardiometabolic risk in these populations.
Lifestyle interventions, including physical activity, have gained traction as non-pharmacological strategies to mitigate cardiometabolic risk, with high-intensity interval training (HIIT) emerging as a particularly promising modality. HIIT, defined by successive brief episodes of intense exercise alternated with low-intensity recovery intervals, has been shown to produce significant enhancements in aerobic capacity, lipid metabolism, and insulin responsiveness (Gibala et al., 2012). In comparison to conventional moderate-intensity continuous training (MICT), HIIT offers time-efficient benefits that are particularly advantageous for older adults who may be constrained by physical limitations or time barriers (Edwards et al., 2023). However, concerns regarding the safety, feasibility, and long-term adherence to HIIT in populations with chronic conditions remain unresolved (O'Brien et al., 2020).
Recent systematic reviews and meta-analyses have demonstrated the effectiveness of HIIT in improving various cardiometabolic parameters in specific clinical populations, notably, beneficial effects have been observed among individuals diagnosed with conditions such as type 2 diabetes and heart failure (Álvarez et al., 2018; Yue et al., 2022). For instance, Jelleyman et al. (2015) conducted a 50 studies included meta-analysis and reported that HIIT produced significant enhancements in glucose metabolism and reduce insulin resistance in individuals with or at risk of type 2 diabetes mellitus (Jelleyman et al., 2015). Similarly, Weston et al. (2014) found that HIIT was associated with more pronounced enhancements in VO2max and metabolic profiles compared to MICT among individuals with lifestyle-related cardiometabolic conditions (Weston et al., 2014). In cardiac rehabilitation populations, HIIT has also demonstrated encouraging outcomes in terms of augmenting cardiovascular function and enhancing patients’ quality of life. Hannan et al. (2018) reported in their systematic review that HIIT was not only safe but also more effective than MICT in enhancing aerobic capacity among cardiac patients (Hannan et al., 2018). Furthermore, Ramos et al. (2015) demonstrated that HIIT could significantly improve vascular endothelial function, a key predictor of cardiovascular events, particularly among hypertensive and obese individuals (Ramos et al., 2015).
Despite these encouraging findings, the evidence base for middle-aged and elderly populations remains limited and inconsistent. The aging process is commonly linked to diminished physiological resilience, decreased skeletal muscle mass, impaired glucose metabolism, and lower exercise tolerance, all of which may influence the efficacy and safety profile of high-intensity physical training (Seals et al., 2016). Some studies suggest that older adults can derive similar cardiometabolic benefits from HIIT as younger counterparts (Keating et al., 2017), while others raise concerns about adherence, injury risk, and the need for individualized protocols (Milanović et al., 2015). Moreover, considerable heterogeneity exists in HIIT protocols across studies, including variations in intensity, interval duration, frequency, and intervention length, which complicates direct comparisons and limits the generalizability of findings (Maillard et al., 2018). In particular, studies targeting individuals over 45 years of age with multiple chronic conditions remain underrepresented in current meta-analyses.
Given these gaps, there is a critical need to systematically synthesize the available evidence on the cardiometabolic effects of HIIT in MAEP with chronic diseases. Therefore, the present systematic review and meta-analysis aims to evaluate the effectiveness of HIIT in improving key cardiometabolic outcomes in this underexplored population, thereby providing an evidence base to inform clinical recommendations and exercise prescription guidelines.
2 MATERIALS AND METHODS
2.1 Protocol
The methods section was designed to ensure maximal transparency. Specifically, this study detailed the search strategy, screening procedures, risk of bias assessment, and statistical methods, including heterogeneity analysis, sensitivity tests, and subgroup approaches, to strengthen reproducibility. The methodology employed in this study aligns with the guidelines established by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses for Meta-Analyses (PRISMA-MA), which is widely recognized in clinical and medical research. In addition, the procedures conform to the methodological recommendations established by the Cochrane Collaboration. These frameworks have been extensively described in prior foundational literature (Higgins and Green, 2011; Page et al., 2021). To promote transparency and replicability, a completed PRISMA-MA checklist is included in Supplementary Table 1. Moreover, the research protocol was registered in advance with the PROSPERO database and is accessible under the corresponding registration number [CRD420251063576], ensuring compliance with best practices for systematic review reporting and protocol documentation.
2.2 Search strategy and study selection
A rigorous literature search was conducted independently by two researchers across four prominent electronic databases, which are PubMed, Cochrane Library, Embase, and Web of Science. This search encompassed all relevant publications from each database’s inception through May 30, 2025. To ensure methodological rigor, the search strategy was structured according to the PICOS criteria, defining Population, Intervention, Comparator, Outcomes, and Study Design, as detailed in Supplementary Material 1–4. The review specifically targeted studies involving MAEP with chronic health conditions, where HIIT served as the primary intervention in comparison to standard care. Cardiometabolic outcomes under scrutiny included high-density lipoprotein cholesterol (HDL-C), systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting blood glucose (BG), and triglyceride (TG), These variables were selected based on their consistent use as primary endpoints in previous HIIT intervention studies targeting chronic disease populations and their strong clinical relevance to cardiovascular and metabolic health (Wewege et al., 2017). Only randomized controlled trials (RCTs) were considered eligible for inclusion as part of the study design criteria. The search strategy incorporated keywords in conjunction with Boolean operators to refine the retrieval process: (Middle aged OR Middle-aged OR elderly OR older adult* OR senior* OR geriatric OR old* OR aging OR frail elderly) AND (chronic disease OR comorbid* OR multimorbid* OR long term condition* OR noncommunicable disease* OR NCD OR cardiovascular disease* OR CVD OR coronary artery disease OR CAD OR hypertension OR metabolic syndrome OR diabetes mellitus OR type 2 diabetes OR T2DM OR dyslipidemia* OR obesity OR overweight) AND (high intensity interval training OR HIIT OR sprint interval training OR SIT OR interval train* OR high intensity intermittent exercise OR anaerobic interval train*) AND (RCT OR randomized controlled trial). The complete research approach is available in Supplementary Table 2. This study also searched gray literature sources, including conference proceedings and trial registries (e.g., ClinicalTrials.gov, WHO ICTRP), to minimize publication bias. However, very few eligible trials were identified outside of peer-reviewed journals. To maximize the comprehensiveness of the evidence base, an additional manual search was conducted to identify relevant systematic reviews, meta-analyses, major international conference proceedings, and reference lists of the included studies. Two independent reviewers (QL and GX) conducted the initial screening of study titles and abstracts, with their identities anonymized to mitigate potential bias during the selection process. Inter-rater agreement between the two reviewers was quantified using Cohen’s kappa (κ = 0.84), indicating strong consistency in study selection decisions (Cohen, 1960). Endnote software (version 21, Thompson ISI ResearchSoft) was employed to facilitate the organization of citations and to efficiently detect and eliminate duplicate entries, thereby improving the reliability of the dataset. Subsequently, the same two reviewers independently conducted a blinded assessment of the full-text articles. In cases where disagreement arose regarding study inclusion, resolution was achieved either through mutual consensus or, if needed, by involving a third reviewer (HL).
2.3 Inclusion and exclusion criteria
The criteria for study eligibility in the meta-analysis were determined by assessing key factors, including population characteristics, intervention type, comparator conditions, outcome measures, and study design. The inclusion criteria encompassed the following:
	1. MAEP, which aged 45 years and above (WHO, 2025), classified as chronic diseases, without other coexisting medical conditions.
	2. Interventions involving HIIT, which includes various forms of exercise such as 4 × 4 min pedalling, walking and running, delivered in person.
	3. Standard care will be the comparisons.
	4. Availability of health outcome data.
	5. RCTs, whether employing parallel or crossover frameworks, were included without imposing limitations based on criteria such as chronic disease classification, geographic region, ethnic background, language, or publication date. Existing scholarly definitions were leveraged to classify interventions as mHealth in-person, and eHealth approaches.

Exclusion criteria included: 1) researches that included participants other than human subjects; 2) interventions other than HIIT; 3) unavailable data; and 4) protocols or studies not employing RCTs.
No restrictions were placed on intervention duration at the design stage to maximize the inclusiveness of evidence. While this enabled capture of a wide range of HIIT protocols, it also introduced variability in exposure length, which we acknowledge as a limitation of the present study design. Although not all included participants had diagnosed hypertension, SBP and DBP were included as outcomes due to their established role as clinical risk markers across multiple chronic conditions. The rationale was to evaluate whether HIIT could serve as a preventive or therapeutic tool for blood pressure regulation even in populations without hypertension at baseline.
2.4 Data collection and management
Two reviewers independently carried out the extraction of data from the eligible RCTs, each operating under blinded conditions to mitigate potential bias. To ensure uniformity and reliability in the recording process, a standardized extraction template was utilized. This form had been developed based on the recommendations provided by the Cochrane Consumers and Communication Review Group (Chandler et al., 2019). One included study de Matos et al. (2021) reported sex-stratified outcomes for men and women (de Matos et al., 2021) F and (de Matos et al., 2021) M undergoing high-intensity interval training. To improve the precision of pooled estimates and to explore sex-specific effects, we treated these two subgroups as independent data entries in the meta-analysis. Subgroup definitions were as follows: intervention duration was categorized as short-term (0–8 weeks), medium-term (9–16 weeks), and long-term (17–24 weeks). Geographic region was classified into European and non-European categories. These definitions were based on prior literature conventions and allowed for sufficient distribution of studies across subgroups to ensure meaningful comparison. This approach has been previously recommended when subgroup data are clearly reported and do not involve statistical dependence (Borenstein et al., 2021).
The compiled dataset encompassed four major domains:
	1. Essential publication details, including the first author’s name, the geographical location in which the study was carried out and the corresponding year it was published;
	2. Participant demographic characteristics, such as the age range of subjects, the defined population under study, and total sample size;
	3. Intervention allocation information, detailing group assignments (intervention vs. control), a comprehensive description of the intervention protocol, and the conditions maintained for the control group;
	4. Physical activity-related variables, covering type of exercise, training duration, session frequency, and total cycle length.

In parallel, general characteristics of the eight selected meta-analyses were also extracted by two independent reviewers using the same standardized form (Higgins et al., 2021). Any discrepancies encountered during the data collection phase were resolved through discussion, and where consensus could not be reached, a third reviewer was consulted for adjudication.
2.5 Quality appraisal
The methodological quality appraisal of the selected RCTs was performed using the Cochrane Collaboration’s Risk of Bias (ROB) assessment tool, following the methodological instructions detailed in reference (Shuster, 2011). Two independent reviewers carried out the assessment for each trial. As specified in the Cochrane Handbook version 5.1.0 (Higgins et al., 2011), the evaluation focused on identifying potential sources of bias by examining seven predefined domains:1) Generation of the random sequence, aimed at evaluating selection bias; 2) Concealment of allocation, also targeting selection bias; 3) Blinding of participants and study personnel, addressing performance bias; 4) Blinding of outcome assessors, which relates to detection bias; 5) Management of incomplete outcome data, pertinent to attrition bias; 6) Selective outcome reporting, reflective of reporting bias; 7) Any additional sources of potential bias not captured by the previous categories (Collaboration, 2012).
Each study was classified into one of three risk levels, low, unclear, or high, based on these criteria. The initial assessment was undertaken separately by two reviewers. In cases where inconsistencies arose, resolution was achieved through discussion, and if consensus could not be reached, a third reviewer was consulted. The entire risk of bias assessment was implemented utilizing RevMan software (version 5.4, The Cochrane Collaboration, 2020; Collaboration, 2020).
Furthermore, to address potential concerns regarding high risk of bias, we explicitly noted that approximately 30% of included studies demonstrated high risk in at least one ROB domain. Although all studies were retained to preserve statistical power and ensure sufficient coverage across outcomes, we conducted sensitivity analyses by systematically excluding high-risk trials. These analyses demonstrated that the overall direction and statistical significance of the pooled results remained unchanged, supporting the robustness of our findings. However, we acknowledge that the inclusion of high-risk studies may introduce uncertainty, and thus, the conclusions should be interpreted with caution.
2.6 Statistical analysis
All statistical computations were conducted utilizing Stata version 18 to synthesize effect sizes and assess potential biases across studies. Due to variability in how depression-related outcomes were measured among the included trials, effect sizes were uniformly transformed to enhance comparability and accuracy. Specifically, data were standardized using standardized mean difference (SMD) and 95% confidence intervals (CI) (Higgins et al., 2003; Sterne, 2009). The SMD was derived by calculating the difference between post-intervention and pre-intervention means, followed by normalization using the pooled standard deviation (SD) measured at the study endpoint (Raudenbush, 1984). This approach enables the comparison of studies utilizing different measurement scales by adjusting for discrepancies in unit definitions (Rosenthal and Jacobson, 1968).
To quantify heterogeneity, I2 statistics were employed. The interpretation of I2 values followed conventional thresholds: 1) An I2 between 0% and 25% was considered to indicate low heterogeneity, implying minimal variability among the included studies. 2) Values from 25% to 50% represented moderate heterogeneity, suggesting a moderate degree of inconsistency that warranted exploration of potential influencing factors. 3) An I2 range of 50%–75% denoted substantial heterogeneity, highlighting notable differences likely attributable to variations in study methodologies, participant characteristics, or intervention types. 4) When I2 exceeded 75%, considerable heterogeneity was inferred, necessitating cautious interpretation of the aggregated results due to possible underlying biases or confounding elements. To enhance precision, 95% confidence intervals for I2 statistics were calculated using non-central chi-square approximation methods, as recommended in recent meta-analysis guidelines. To evaluate the risk of publication bias, funnel plot analysis was conducted as part of the diagnostic process.
For outcomes such as SBP and DBP, where all studies used the same unit (mmHg), weighted mean differences (WMD) could theoretically be reported. However, due to variation in baseline values and reporting methods across trials, we opted for SMD to harmonize effect size estimation across outcomes. This decision ensures comparability and robustness in pooled analyses, but we acknowledge it as a methodological limitation.
3 RESULTS
3.1 Search results and study characteristics
The process of literature identification and selection has been outlined in the PRISMA-MA flowchart (Figure 1). An initial comprehensive search across four electronic databases retrieved a total of 6,106 records, with an additional three studies identified through manual citation tracking. After removing 4,049 duplicate entries, 2,015 records were excluded during the preliminary screening of titles and abstracts. This left 1,936 articles for full-text evaluation based on the predefined eligibility criteria.
[image: Flowchart depicting study selection process. Studies identified via databases: PubMed (537), Embase (578), Cochrane Library (4481), Web of Science (510). Additional sources: Citation searching (3). Combined records: 6109. Duplicates removed: 4094. Screened records: 2015. Excluded after title and abstract: 1936. Eligibility assessed: 79. Reports excluded: 58 (full text unavailable: 22, population mismatch: 14, no data: 11, no control group: 11). Included in meta-analysis: 21 studies.]FIGURE 1 | PRISMA diagram depicting the sequential steps of the selection process.Following a thorough review of the full-text articles, a total of 79 studies were excluded for the specific reasons: 11 researches lacked sufficient outcome data; 22 articles did not provide compatible study design; 14 reports failed to meet the inclusion standards; A valid control group was absent in 11 of the included trials.
Consequently, 21 RCTs met the inclusion criteria and were incorporated into the meta-analysis, involving 1,066 participants, all classified as MAEP with chronic diseases. Among them, 634 individuals were assigned to the intervention group, while 432 participants served as controls. The ages ranged from 46 to 67 years for participants.
Geographically, the included researches represented a diverse set of countries and regions, including Norway and Spain from Europe; the United States, Colombia, and Brazil from the Americas; China and South Korea from Asia; as well as Australia from Oceania. All included studies were published in English and were designed as RCTs published up to May 2025. A comprehensive summary of participant demographics and intervention characteristics is provided in Supplementary Table S3.
3.2 Quality evaluation
ROB was evaluated using the Cochrane Risk of Bias tool, as shown in Figure 2. Most studies (77.3%) demonstrated low risk in random sequence generation, including Aristizabal et al. (2021) and Gallo-Villegas et al. (2022). However, allocation concealment was more variable, with only 40.9% of studies rated low risk, while 31.8%, such as de Matos et al. (2021) and Ramirez-Jimenez et al. (2020), showed high risk. Performance bias was common: 36.4% of studies (e.g., Ramos et al., 2016) were rated high risk regarding blinding is often not feasible in exercise intervention studies. Outcome assessor blinding was more consistent, with 68.2% of studies judged as low risk.
[image: Bias assessment table and bar chart showing the risk of bias in different studies. The table uses green, yellow, and red symbols to indicate low, unclear, and high risk of bias across several categories, such as random sequence generation and allocation concealment. Studies listed include Aristizabal et al. (2021) and Da Silva et al. (2020), among others. The bar chart summarizes the percentage distribution of low, unclear, and high risks for each category. Green bars indicate low risk, yellow bars indicate unclear risk, and red bars indicate high risk.]FIGURE 2 | Risk of Bias graph and summary.Attrition bias was well controlled, with 95.5% of studies showing low risk. For selective reporting, 68.2% were rated low risk, although two studies (Heiston et al., 2020; Aristizabal et al., 2021) were rated high. Other bias was mostly unclear across studies (81.8%), reflecting insufficient reporting. Overall, while the quality of included trials was generally acceptable, limitations in allocation concealment and performance blinding warrant cautious interpretation of pooled results.
3.3 Meta-analysis
3.3.1 Effect of HIIT on SBP
Seventeen studies were included in the meta-analysis examining the effects of HIIT on SBP in MAEP with chronic diseases. The overall pooled result using a random-effects model showed that HIIT did not significantly reduce SBP compared to control groups (SMD = −0.14, 95% CI: -0.38 to 0.11, p > 0.05), and moderate heterogeneity was observed (I2 = 59.3%, p = 0.001) (Figure 3a).
[image: Two forest plots, labeled "a" and "b," compare studies on a scale of standardized mean difference (SMD). Each study is listed with its SMD, 95% confidence interval, and weight percentage on the right. Plot "a" shows overall heterogeneity with an I-squared value of 59.3%, while plot "b" subdivides the data, showing subgroups with I-squared values of 0.0% and 39.5% and reports heterogeneity between groups at p = 0.026. Both plots use a diamond to indicate the overall pooled estimate along the SMD scale.]FIGURE 3 | (a) Overall and (b) subgroup meta-analysis of the effect of HIIT on SBP.To explore sources of heterogeneity and potential differential effects, subgroup analyses were performed based on geographic region. In studies conducted in European countries (n = 4), HIIT was associated with a statistically significant reduction in SBP (SMD = −0.43, 95% CI: -0.75 to −0.12, p < 0.01), with no observed heterogeneity (I2 = 0.0%, p = 0.888). Conversely, non-European studies (n = 13) showed no significant change in SBP (SMD = −0.02, 95% CI: -0.20 to 0.16, p > 0.05), although heterogeneity decreased (I2 = 39.5%, p = 0.070). A statistically significant difference was found between subgroups (p = 0.026), indicating that regional factors may contribute to the variation in intervention effects (Figure 3b). Further subgroup analyses based on intervention duration, training frequency, or session length did not result in significant changes or reduce heterogeneity, suggesting that these factors alone may not fully explain the differential responses.
Taken together, these findings suggest that while HIIT does not show a significant overall effect on reducing SBP in MAEP with chronic diseases, it may offer modest benefits in certain populations, such as those in European settings. The lack of consistent blood pressure reduction limits the generalizability of HIIT as a stand-alone intervention for SBP management in this population. However, its potential for improving other cardiometabolic outcomes should still be considered within a broader context of multimodal interventions.
3.3.2 Effect of HIIT on DBP
This study included 17 investigations examining the impact of HIIT on DBP. The combined analysis, conducted with a random-effects model, revealed that HIIT interventions resulted in a statistically significant decrease in DBP compared to control conditions (SMD = −0.23, 95% CI: -0.39 to −0.08, p < 0.01) (Figure 4). Importantly, the heterogeneity across studies was negligible (I2 = 0.0%, p = 0.625), indicating a high level of consistency in the direction and magnitude of the effect across different study populations, intervention protocols, and geographic locations.
[image: Forest plot showing the standardized mean difference (SMD) with 95% confidence intervals for various studies on the x-axis from -1.47 to 1.47. Each study's SMD and confidence interval are listed alongside the weight percentage. The overall effect size is depicted with a diamond shape at -0.23, indicating low heterogeneity (I-squared = 0.0%, p = 0.625). The plot is based on random effects analysis.]FIGURE 4 | Meta-analysis of the effect of HIIT on DBP.These findings suggest that HIIT is associated with a modest but statistically significant improvement in diastolic blood pressure among MAEP with chronic diseases. Given the role of elevated DBP in cardiovascular risk, these results provide supportive evidence for incorporating HIIT as a non-pharmacological strategy to manage blood pressure in this population.
3.3.3 Effect of HIIT on HDL-C
Twenty studies were incorporated to evaluate the impact of HIIT on HDL-C in MAEP with chronic diseases. The pooled SMD demonstrated a statistically significant enhancement in HDL-C following HIIT (SMD = 0.41, 95% CI: 0.11 to 0.71, p < 0.01). Nevertheless, substantial heterogeneity was detected among the included studies (I2 = 76.8%, p < 0.001) (Figure 5a).
[image: Forest plots comparing different studies. Panel (a) lists several studies comparing standardized mean differences (SMD) with 95% confidence intervals and weights, showing some variance across studies with an overall SMD of 0.41. Panel (b) divides studies into sub-groups, providing SMDs and weights for each group, resulting in an overall SMD of 0.32. Confidence intervals indicate differences and variance between studies.]FIGURE 5 | (a) Overall and (b) subgroup meta-analysis of the effect of HIIT on HDL-C.To investigate possible contributors to heterogeneity, subgroup analyses were stratified according to the length of the intervention period: Group 1 (0–8 weeks), Group 2 (9–16 weeks), and Group 3 (17–24 weeks). The subgroup analysis revealed that the heterogeneity was substantially reduced within subgroups (Group 1: I2 = 0.0%, p = 0.739; Group 2: I2 = 78.6%, p < 0.001; Group 3: I2 = 0.0%, p = 0.502), indicating that intervention duration may be a significant source of heterogeneity (Figure 8). Notably, Group 2 (9–16 weeks) showed a significant effect (SMD = 0.43, 95% CI: 0.27–0.59), while Group 1 (SMD = −0.42, 95% CI: −0.91 to 0.07) and Group 3 (SMD = 0.18, 95% CI: −0.20–0.55) did not reach statistical significance (Figure 5b). More importantly, subgroup analyses based on training frequency, geographic region, or session length did not result in significant changes or reduce heterogeneity, suggesting that these factors alone may not fully explain the differential responses. Additionally, the test for subgroup differences indicated a significant intergroup difference reaching statistical significance (p = 0.004), further supporting the impact of intervention duration on the overall outcomes.
To further explore heterogeneity, this study classified HIIT protocols into subtypes (sprint interval training, short-interval HIIT, long-interval HIIT) based on work-to-rest ratio, interval duration, and weekly volume. Exploratory analyses indicated that sprint interval training and short-interval HIIT tended to elicit greater improvements in lipid outcomes, while long-interval HIIT demonstrated more consistent effects on blood pressure regulation. Although the number of trials limited the statistical power of formal meta-regression, this pattern suggests that protocol characteristics are important moderators of response to HIIT.
3.3.4 Effect of HIIT on TG
Eighteen studies were incorporated to assess the impact of HIIT on TG levels among MAEP with chronic diseases. The pooled effect size revealed a statistically significant reduction in TG levels following HIIT interventions compared to controls, with a SMD of −0.68 (95% CI: −1.20 to −0.16; p < 0.05). Nevertheless, a high degree of heterogeneity was present among the included studies (I2 = 90.7%, p = 0.000), indicating considerable variability in effect estimates (Figure 6a).
[image: Forest plot illustrating two meta-analyses. Panel (a) shows individual study effect sizes and confidence intervals without subgrouping. Panel (b) details subgroup analyses with studies in two groups, each with summary estimates. The plots display study names, standardized mean differences (SMD) with 95% confidence intervals, and weights. Overall and subgroup heterogeneity statistics are provided.]FIGURE 6 | (a) Overall and (b) subgroup meta-analysis of the effect of HIIT on TG.To explore the potential sources of heterogeneity, a subgroup analysis based on geographical region was conducted. Studies were categorized into two subgroups: those conducted in European countries (Group 1) and those conducted in non-European regions (Group 2). The results showed that in the European subgroup, HIIT had a small and non-significant effect on TG levels (SMD = −0.11, 95% CI: −0.31 to 0.09; I2 = 0.0%, p = 0.675), while in the non-European subgroup, HIIT was associated with a significantly greater reduction in TG levels (SMD = −0.45, 95% CI: −0.70 to −0.21; I2 = 95.1%, p = 0.000) (Figure 6b). Further subgroup analyses based on intervention duration, training frequency, or session length did not result in significant changes or reduce heterogeneity, suggesting that these factors alone may not fully explain the differential responses.
Importantly, the heterogeneity between the two subgroups was statistically significant (p = 0.034), indicating that the region where the study was conducted may be a contributing factor to the overall heterogeneity. These findings indicate that HIIT may have a more pronounced effect on TG reduction in non-European populations compared to European populations.
3.3.5 Effect of HIIT on BG
Seventeen randomized controlled trials were incorporated to evaluate the impact of HIIT on BG among MAEP diagnosed with chronic diseases. The aggregated results indicated that HIIT led to a statistically significant reduction in BG levels when compared with control conditions, yielding a SMD of −0.37 (95% CI: –0.69 to −0.06; p < 0.05). Nonetheless, considerable heterogeneity was detected across the included studies (I2 = 71.4%, p = 0.000), suggesting notable variability in intervention effects among the included trials (Figure 7a).
[image: Two forest plots labeled "a" and "b" display study results with standardized mean differences (SMD) and confidence intervals (CI). Each study is listed with individual SMD values and weights. Plot "a" presents a single overall diamond shape representing combined SMD with a confidence interval of -0.37. Plot "b" is divided into two subgroups with individual results and combined subgroup results, indicated by diamonds. The overall combined result at the bottom shows an SMD of -0.36. Heterogeneity statistics are noted for both.]FIGURE 7 | (a) Overall and (b) subgroup meta-analysis of the effect of HIIT on BG.To explore sources of heterogeneity, a subgroup analysis based on study location was conducted. Studies were grouped into those conducted in Europe (Group 1) and those from non-European regions (Group 2). In the European subgroup, HIIT significantly reduced fasting BG levels (SMD = −0.27, 95% CI: -0.48 to −0.05), with low heterogeneity (I2 = 4.0%, p = 0.399). In contrast, the non-European subgroup showed a slightly greater effect size (SMD = −0.50, 95% CI: -0.75 to −0.25), but with considerable heterogeneity (I2 = 83.8%, p = 0.000) (Figure 7b). Further subgroup analyses based on intervention duration, training frequency, or session length did not result in significant changes or reduce heterogeneity, suggesting that these factors alone may not fully explain the differential responses.
Although the test for subgroup differences was not statistically significant (p = 0.167), the marked reduction in heterogeneity within the European group suggests that geographical region may partly explain the observed variability in outcomes. These results indicate that HIIT has a beneficial effect on fasting blood glucose across regions, with more consistent results in studies conducted in Europe.
3.4 Tests for bias
The funnel plot analysis showed that the scatter points were evenly distributed within the funnel according to the effectiveness of HIIT to SBP, DBP, HDL-C, TG and BG, indicating no publication bias (Figure 8).
[image: Five funnel plots labeled a to e, each with pseudo ninety-five percent confidence limits. The plots have blue dots scattered around the central line, indicating SMD (standardized mean difference) against SE (standard error). Each plot varies in dot distribution and range, illustrating potential publication bias in meta-analyses.]FIGURE 8 | Bias funnel plot of HIIT on (a) SBP, (b) DBP, (c) HDL-C, (d) TG, and (e) BG.3.5 Sensitivity analysis
To evaluate the robustness of the pooled effects and identify any influential studies, a leave-one-out sensitivity analysis was conducted for SBP, HDL-C, TG, and BG (Figure 9). The results indicated that no single study substantially changed the direction or significance of the overall effect estimates, suggesting that the findings are generally stable. For SBP, the overall null result remained unchanged across exclusions, though studies such as Aristizabal et al. (2021) and Gallo-Villegas et al. (2022) showed slight influence on the confidence intervals. The results for HDL-C were consistent, with a persistent positive effect across all iterations, supporting the reliability of HIIT’s impact on lipid metabolism.
[image: Four-panel plot showing sensitivity analysis with forest plots labeled a, b, c, and d. Each plot displays meta-analysis estimates when specific studies are omitted. Horizontal lines indicate confidence intervals with circles marking the estimates. Plots compare different study effects with varying ranges. Panel a ranges from -0.36 to 0.14, panel b from 0.05 to 0.76, panel c from -0.45 to 0.09, and panel d from -0.74 to -0.06. Each plot lists multiple studies on the y-axis with corresponding estimates and confidence limits on the x-axis.]FIGURE 9 | Sensitivity analyses using the leave-one-out method for (a) SBP, (b) HDL-C, (c) TG, and (d) BG.For TG and BG, the sensitivity analyses confirmed the stability of the significant reductions observed, even though the effect sizes slightly varied when studies like Gao et al. (2024) and Da Silva et al. (2020) were omitted. These results reinforce the credibility of our meta-analysis and suggest that the observed benefits of HIIT on HDL-C, TG, and BG are not driven by any single study, despite the initially high heterogeneity in these outcomes.
4 DISCUSSION
This research evaluated the effectiveness of HIIT on cardiometabolic outcomes, including SBP, DBP, HDL-C, TG, and BG, among MAEP with chronic diseases. The findings are derived from 21 RCTs involving over 1,000 participants across multiple geographic regions and clinical populations, offering a comprehensive synthesis of HIIT’s potential therapeutic value in non-pharmacological chronic disease management. This discussion is organized around three key themes: (1) the overall effects of HIIT on cardiometabolic outcomes, (2) sources of heterogeneity and protocol-related moderators, and (3) contextual and clinical implications of findings. This thematic structure allows clearer linkage between empirical results, underlying physiological mechanisms, and practical applications.
The characteristics of the included studies may have contributed to the observed heterogeneity in effect estimates. Notably, the variation in geographic region, intervention duration, and sample characteristics may influence the cardiometabolic response to HIIT. For instance, our subgroup analysis showed that heterogeneity in SBP, TG, and BG outcomes was markedly reduced when studies conducted in European countries were analyzed separately, suggesting that population-specific or contextual factors (e.g., baseline health status, healthcare access, lifestyle norms) may moderate the effects of HIIT. Similarly, when stratifying HDL-C outcomes by intervention duration, the 0–8 weeks subgroup exhibited reduced heterogeneity, which may indicate that shorter intervention periods yield more consistent responses among middle-aged and elderly populations with chronic diseases. Additionally, variations in exercise protocols, such as intensity (%HRmax), frequency (2–5 sessions/week), and exercise mode (cycling, treadmill, running), could have contributed to the outcome variability. For example, some studies implemented protocols with 3–4 intervals at 90% HRmax, while others used more frequent intervals or mixed modalities, which may produce differential physiological adaptations. The heterogeneity observed across outcomes likely reflects both methodological variation and biological diversity. Specifically, differences in supervision, exercise modality (cycling vs. treadmill), and frequency may have influenced adherence and physiological adaptation. Future research should adopt standardized reporting of HIIT parameters to facilitate cross-study comparability and enable more precise recommendations.
Furthermore, sex-specific responses, as explored in the study by de Matos et al. (2021), highlight the importance of demographic considerations in tailoring HIIT interventions for optimal metabolic outcomes. These findings align with previous research emphasizing the moderating effects of intervention context and participant characteristics on HIIT efficacy (Weston et al., 2014; Milanović et al., 2015).
The pooled results demonstrated that HIIT led to discernible reductions in DBP, TG, and BG, as well as an increase in HDL-C. Notably, HIIT’s impact on SBP was not statistically significant when considering all studies together; however, subgroup analysis revealed that European studies showed a significant SBP-lowering effect. These geographic differences suggest that regional contextual factors, such as differences in healthcare infrastructure, exercise adherence, cultural attitudes toward physical activity, or genetic predisposition, may influence responsiveness to HIIT. Regional variation in outcomes may not only reflect differences in HIIT protocol design but also broader cultural and socioeconomic contexts. For example, European trials often reported structured, supervised sessions delivered within healthcare or rehabilitation settings, which may promote higher adherence and compliance. In contrast, non-European trials were more heterogeneous, with variability in supervision, access to facilities, and participant baseline health behaviors, which could partly explain inconsistent results. Cultural norms, availability of qualified trainers, and public health infrastructure likely play a mediating role in shaping both feasibility and effectiveness of HIIT. This is supported by prior meta-analyses indicating that cardiovascular adaptations may vary across ethnic and environmental contexts (Li et al., 2025; Batacan et al., 2017).
From a physiological perspective, specific HIIT characteristics such as shorter recovery intervals or higher relative intensity may preferentially stimulate mitochondrial biogenesis, endothelial shear stress, and insulin sensitivity (Gibala et al., 2012; Jelleyman et al., 2015), but may also pose challenges for elderly individuals with comorbidities. This duality highlights the need for tailoring HIIT prescriptions according to population characteristics and resource availability. HIIT significantly improved DBP with a pooled SMD of −0.23 and no heterogeneity, indicating a robust and consistent benefit across study designs, populations, and regions. This observation is consistent with existing vascular physiology research, which has shown that interval training enhances endothelial function and baroreflex sensitivity, particularly in aging populations (Batacan et al., 2017). In contrast, the non-significant overall SBP effect with moderate heterogeneity suggests that HIIT may not uniformly influence systolic regulation, although subgroup analysis showed that European populations benefitted more. This discrepancy may be related to higher baseline SBP levels, differential medication use, or training program structure in European cohorts (Ramos et al., 2015; Milanović et al., 2015; Khalafi et al., 2022b).
With respect to lipid metabolism, HIIT produced a significant increase in HDL-C (SMD = 0.41), though heterogeneity was high. Subgroup analysis by intervention duration clarified this: 9–16 weeks interventions (Group 2) yielded the most consistent and substantial HDL-C gains (SMD = 0.43), while both shorter (0–8 weeks) and longer (17–24 weeks) interventions showed no statistically significant effect and reduced heterogeneity. This suggests that there is a “time window” within which lipid-related physiological adaptations to HIIT may be optimal, consistent with the findings of Racil et al. (Batacan et al., 2017; Racil et al., 2023). As well as related with a recent systematic review and meta-analysis showing that HIIT improves vascular function across diverse adult cohorts, reinforcing its role in cardiovascular risk reduction (Khalafi and Symonds, 2021).
While our analysis focused on HDL-C, the absence of data on low-density lipoprotein cholesterol (LDL-C) represents a notable limitation in fully evaluating lipid-related cardiometabolic risk. LDL-C is a well-established causal factor in atherosclerosis and cardiovascular disease, and its modulation is a critical therapeutic target in clinical settings (Ference et al., 2017). Prior evidence indicates that HIIT may reduce LDL-C levels, particularly in overweight or obese individuals and those with metabolic syndrome (Maillard et al., 2018). However, due to inconsistent reporting and lack of standardized measurement across included trials, LDL-C was not included in our meta-analysis. Future studies should prioritize the inclusion and standardized assessment of LDL-C to enable a more comprehensive understanding of HIIT’s effects on lipid profiles and overall cardiovascular risk reduction.
For TG, HIIT interventions were associated with significant reductions (SMD = −0.68), though extremely high heterogeneity was observed. Subgroup analysis by region revealed that the effect was substantially larger in non-European populations (SMD = −0.45) compared to European populations (SMD = −0.11), where the effect was not statistically significant. These findings support the hypothesis that diet, baseline TG levels, and metabolic phenotype may interact with exercise response (Solera-Martinez et al., 2021). It was similar with the research performed a systematic review and meta-analysis in adults with type 2 diabetes, reporting that chronic HIIT led to a large and significant reduction in TG (Feng et al., 2024). Recent evidence further supports this interpretation, as a meta-analysis demonstrated that HIIT significantly reduces liver fat content in overweight and obese adults, suggesting its potential to alleviate metabolic complications associated with non-alcoholic fatty liver disease (Khalafi et al., 2022b). Additionally, high baseline TG levels in non-European studies may have contributed to the greater room for improvement.
Regarding BG, HIIT yielded a significant overall reduction, with subgroup analysis again revealing regional variation. The conducted meta-analysis in individuals with metabolic disorders and reported that HIIT significantly reduced BG compared to control groups, with an overall effect size and low heterogeneity, supports overall BG reduction estimate of this research (Serrablo-Torrejon et al., 2020; Cao et al., 2022). European studies showed moderate but consistent reductions with low heterogeneity, while non-European studies showed larger effects accompanied by substantial variability (I2 = 83.8%). Although the difference between groups did not reach statistical significance (p = 0.167), the consistency in the European subgroup suggests that baseline glucose regulation, sample size, or intervention monitoring may affect glycemic outcomes (Khalafi et al., 2022a).
Despite these promising results, the analysis revealed several sources of heterogeneity beyond geography. Notably, subgroup analyses based on training frequency and session duration failed to significantly reduce heterogeneity for outcomes such as SBP and HDL-C. This suggests that simple variations in training volume or exposure may not adequately capture the complexity of HIIT response (Luo et al., 2024; Cano-Montoya et al., 2025). Individual variability, such as baseline fitness, medication use, or compliance, likely plays a substantial role, echoing the call from previous work for personalized exercise prescriptions in chronic disease populations (Tjønna et al., 2008; Jelleyman et al., 2015; Mateo-Gallego et al., 2022).
The presence of high risk of bias in nearly one-third of the included studies represents a notable limitation. Trials with inadequate allocation concealment and performance blinding, common in exercise interventions, may have inflated effect estimates due to expectation bias. While our sensitivity analyses confirmed the stability of results, it is plausible that the benefits of HIIT were overestimated in some outcomes. This limitation should temper confidence in the generalizability of the conclusions and highlights the importance of improving methodological rigor in future RCTs.
The quality evaluation of included studies showed generally acceptable methodological rigor. Random sequence generation and attrition bias were well addressed across studies, with 77.3% and 95.5% of studies rated low risk, respectively. However, allocation concealment was poorly reported (only 40.9% low risk), and performance bias was universally high due to it is not feasible to blind participants in exercise trials. This limitation, inherent to behavioral interventions, may inflate effect estimates due to participant expectations or observer effects. Similarly, selective reporting bias was present in a small subset of studies but not widespread, and publication bias was not apparent based on funnel plot analyses.
The results of the sensitivity analyses strengthen the validity of our meta-analytic findings by demonstrating that the observed effects of HIIT on HDL-C, TG, and BG are not unduly influenced by any single study. This robustness is particularly important given the high heterogeneity observed in the initial analyses. Previous meta-analyses have emphasized the variability in HIIT protocols and study populations as key contributors to heterogeneity in cardiometabolic outcomes (Weston et al., 2014; Keating et al., 2017). Despite these variations, the consistent results across the leave-one-out analyses suggest that the beneficial effects of HIIT, particularly improvements in lipid metabolism and glycemic control, are broadly reproducible across different settings and populations.
The relatively stable null finding for SBP further aligns with mixed results reported in earlier systematic reviews, which have shown inconsistent effects of HIIT on blood pressure among clinical populations (Cornelissen and Smart, 2013). This may reflect differences in baseline blood pressure levels, medication use, or the duration and intensity of HIIT interventions. Overall, the robustness demonstrated in our sensitivity analysis provides additional confidence in the reliability of HIIT as a non-pharmacological intervention for improving selected cardiometabolic parameters in MAEP with chronic diseases. Future research should continue to explore how individual characteristics and program variables moderate the response to HIIT, using standardized protocols and long-term follow-up.
4.1 Strengths and limitations
This meta-analysis has several notable strengths. First, it presents a comprehensive synthesis of 21 RCTs conducted across four continents, examining the effects of HIIT on five key cardiometabolic outcomes: HDL-C, SBP, DBP, TG, and BG. The inclusion of only RCTs enhances the internal validity of the findings, while the use of a PRISMA-guided search strategy and Cochrane-based risk of bias assessment increases methodological rigor and transparency. Furthermore, subgroup analyses based on geographic region and training duration helped to explain a substantial portion of the initial heterogeneity in outcomes such as SBP, HDL-C, TG, and BG, offering novel insights into potential effect modifiers. In addition, leave-one-out sensitivity analyses confirmed the robustness of the pooled results for HDL-C, TG, and BG, as no single study substantially altered the overall findings. These results enhance confidence in the observed benefits of HIIT for selected cardiometabolic markers in middle-aged and elderly populations with chronic diseases.
However, several limitations should be acknowledged. Despite the use of subgroup and sensitivity analyses, moderate to high residual heterogeneity remained for certain outcomes, particularly TG and HDL-C, which may affect the precision and generalizability of the pooled estimates. Variability in HIIT protocols across studies, including differences in interval duration, frequency, work-to-rest ratios, intensity definitions, and supervision, precludes drawing definitive conclusions regarding optimal training parameters or dose-response relationships. Most included interventions were relatively short-term (≤24 weeks), limiting our understanding of long-term sustainability and clinically meaningful endpoints such as cardiovascular events, hospitalization, or medication reduction. Moreover, although the included studies encompassed geographically diverse populations, most were conducted in European cohorts, and many failed to report critical demographic information such as race or ethnicity, socioeconomic status, and concurrent medication use. Consequently, the generalizability of the findings to broader global populations remains uncertain. The pooled evidence is therefore likely to predominantly reflect European settings, and caution is warranted when extrapolating these results to populations with different cultural, genetic, or environmental backgrounds. Although this research’s primary population of interest was middle-aged and elderly adults, it was unable to conduct age-stratified subgroup analyses due to inconsistent reporting of results by age group in the included studies. This absence represents a limitation, as physiological responses to HIIT may differ between middle-aged and older individuals. Future trials should report age-specific outcomes to enable more nuanced synthesis.
Additionally, this review did not include other relevant physiological markers such as insulin resistance, insulin sensitivity, inflammatory biomarkers (e.g., C-reactive protein), LDL-C, and cardiorespiratory fitness (e.g., VO2max), which are important indicators of cardiometabolic health and may mediate or moderate the effects of HIIT. Future studies should aim to incorporate these outcomes to provide a more comprehensive evaluation of HIIT’s mechanisms and clinical implications (HIIT can be integrated as a complementary therapy alongside pharmacological treatment for patients with chronic diseases. In community or rehabilitation settings, structured HIIT may provide an efficient means to improve cardiometabolic health in middle-aged and elderly populations, particularly where resources are constrained). Long-term, large-scale, and demographically inclusive trials are also needed to further elucidate the sustained impact of HIIT on cardiometabolic health in middle-aged and elderly populations with chronic diseases.
5 CONCLUSION
In summary, this meta-analysis provides evidence that HIIT is a generally safe and effective intervention for improving key cardiometabolic outcomes, including HDL-C, TG, BG, and DBP, in MAEP with chronic diseases. However, the effect on SBP was modest and inconsistent. Subgroup analyses revealed that factors such as geographic region and intervention duration significantly influenced the magnitude and consistency of these outcomes, suggesting that contextual variables must be considered when designing and implementing HIIT programs.
Despite the observed benefits, substantial heterogeneity was noted across studies, particularly in intervention protocols. Variations in session frequency (ranging from 2 to 3 times per week), duration (from 3 to 24 weeks), work-to-rest ratios, supervision, and intensity thresholds limit the ability to define a universally optimal HIIT regimen. This underscores the urgent need for more standardized and clearly reported protocols in future trials to facilitate comparability and translation into practice. Additionally, important cardiometabolic markers such as LDL-C, insulin sensitivity, inflammatory biomarkers (e.g., CRP), and cardiorespiratory fitness (e.g., VO2max) were not consistently assessed across studies and should be incorporated into future evaluations to provide a more comprehensive understanding of HIIT’s physiological effects.
From a practical perspective, the findings hold actionable implications for clinicians, exercise professionals, and public health policymakers. Specifically, HIIT protocols conducted over 0–8 and 17–24 weeks appear most effective for improving HDL-C, while interventions in European settings demonstrated more consistent benefits for TG and BG. Given its time-efficient nature, HIIT can serve as either a standalone intervention or as a supplement to traditional aerobic or resistance training for patients with chronic diseases. In clinical or community-based settings, short, structured sessions using bodyweight exercises, cycling, or brisk walking, supervised or semi-supervised, may be both feasible and scalable. However, practitioners should tailor HIIT prescriptions to individual fitness levels, comorbidities, and local cultural preferences to enhance adherence and outcomes.
In conclusion, while HIIT shows considerable promise as a non-pharmacological tool in chronic disease management, future research should focus on long-term sustainability, standardized program design, and population-specific implementation strategies to maximize its clinical and public health impact.
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