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ABSTRACT

Aim: Excessive fat deposition is associated with cardiovascular
diseases, diabetes as well as hypertension. The aim of this study was to
determine the net effect size of high intensity interval training (HIIT) on
some factors associated with insulin sensitivity in adults with overweight
and obesity.

Methods: A search for English articles was conducted in Web of
Science, Scopus, and PubMed databases without limiting the year of
publication until February 2023. To calculate the effect size, WMD and
95% confidence interval were calculated using random effect model.
Fixed effect model meta regression was used to determine treatment
effects associations with other variables.

Results: In total, 13 studies with 446 adults with overweight and obesity
(149 females, and 317 males) with 24.7-57 years old were included in the
present meta-analysis. The results showed that HIIT caused a significant
decrease in fasting glucose [WMD=-8.65 mg/dL, P=0.002], fasting insulin
[WMD=-1.88 U/L P=0.005], and diastolic blood pressure (DBP) [WMD=-
3.33 mmHg. Weak correlations were observed in between HIIT’s net
effect on DBP and insulin (r=-0.32, p=0.019) as well as with subjects’ age
(r=-0.29, p=0.037) respectively in meta-regression assessments.

Conclusion: The rate of DBP reduction is sharper and these changes
are also correlated with age. Therefore, HIIT is suggested as a Non-
pharmacological Approach to prevent against future cardiometabolic risk
factors in this population.
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Extended Abstract

Aim: Obesity has become one of the most pressing health challenges worldwide,
exacerbated by lifestyle changes, reduced physical activity, and increased
consumption of high-calorie, processed foods. This metabolic disorder not only
affects physical appearance but also imposes extensive health consequences.
Among these consequences, insulin resistance is a major effect of obesity, serving
as a precursor to type 2 diabetes, cardiovascular diseases, high blood pressure, and
even cognitive dysfunction (1). Studies have demonstrated that excessive fat
accumulation, particularly in the abdominal region, plays a critical role in inducing
chronic inflammation in adipose tissue. This inflammation, driven by increased
production of pro-inflammatory cytokines and the activation of inflammatory
pathways, exacerbates insulin resistance and disrupts glucose metabolism (2).
Research has shown that even overweight individuals without a history of obesity or
diabetes may develop degrees of insulin resistance (3, 4). This finding highlights the
importance of weight management and early prevention of excess weight gain.
When insulin sensitivity declines, the body's ability to effectively utilize insulin for
glucose regulation is impaired, resulting in elevated blood glucose levels and
increased insulin secretion by the pancreas. Over time, this process can lead to
pancreatic beta-cell exhaustion, significantly increasing the risk of type 2 diabetes
(5). Furthermore, reduced insulin sensitivity promotes fat storage, which in turn leads
to further weight gain, perpetuating a harmful cycle between obesity and insulin
resistance (6).

Unfortunately, some individuals mistakenly prioritize the treatment of obesity-related
diseases over weight loss itself. This approach not only delays weight control but
also leads to increased dependency on medications, making weight loss more
challenging (7). Conversely, studies indicate that exercise and lifestyle modifications
can have profound effects on improving insulin sensitivity and weight reduction (8).
Exercise is a key strategy for combating obesity, playing a vital role in enhancing
insulin sensitivity. High-intensity interval training (HIIT), in particular, has been
proven to reduce hepatic glucose production, increase glucose uptake by muscles,
and facilitate lipolysis (9). These workouts not only boost basal metabolic rate but
also optimize energy utilization, reducing fat storage. Multiple studies have shown

that short-term HIIT training can lower fasting glucose levels, although the long-term
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effects of such workouts on insulin and blood glucose regulation still require further
investigation (10).

Additionally, insulin resistance has a direct association with increased blood
pressure. Endothelial dysfunction and decreased nitric oxide production led to
heightened sympathetic nervous system activity and oxidative stress, ultimately
resulting in elevated blood pressure (21-25). Hypertension is a serious consequence
of obesity that frequently coexists with cardiovascular diseases. Excess weight can
increase circulating blood volume and place additional strain on the heart,
significantly raising the risk of heart attack and stroke (26).

Adopting a healthy lifestyle, including a balanced diet, regular physical activity, and
stress management, can have a significant impact on preventing obesity-related
complications. A comprehensive examination of the effects of HIIT on body weight,
insulin resistance, and blood pressure in obese individuals can serve as an effective
foundation for developing exercise programs and therapeutic interventions (25).
Establishing a well-balanced diet, increasing physical activity, and managing stress
factors not only contribute to weight loss but also enhance overall quality of life and
longevity.

Methods: A database search was conducted across Web of Science, Scopus, and
PubMed until February 2023, without restricting publication years for English articles.
Additionally, searches were performed in Persian databases Magiran and SID until
February 2023. Keywords included: "high-intensity interval training," "blood glucose,"

insulin resistance,

"insulin, systolic blood pressure," "diastolic blood pressure,"
"obesity," and "overweight." A manual search was also conducted in Google Scholar.
Eligibility Criteria

Studies were included if they:

1. Were conducted on overweight and obese adults

2. Were published in English or Persian

3. Examined the effects of HIIT vs. control groups

4. Measured body weight, fasting glucose, fasting insulin, HOMA-IR, systolic and
diastolic blood pressure

5. Were randomized controlled trials (RCTs) or non-randomized studies (NRs).
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Exclusion criteria included animal studies, conference proceedings, thesis papers,
and studies on acute exercise interventions. Independent reviewers assessed all
included studies.

Data Extraction

Full texts of selected studies were reviewed, and data on body weight, fasting
glucose, fasting insulin, HOMA-IR, and systolic and diastolic blood pressure were
extracted. Study details—including publication year, study type, country, sample
size, participants' age, gender, BMI, and training protocols—were recorded. Data
from graphical representations were extracted using GetData software standard
deviation (SD) was estimated using the standard error of the mean (SEM) method.
Meta-analysis

This meta-analysis investigated the effects of HIIT on cardiometabolic factors. Effect
sizes were calculated using weighted mean differences (WMD) with a 95%
confidence interval (Cl) and a random-effects model. Heterogeneity (I1?) was
determined for study variations. Sensitivity analysis was performed via a leave-one-
out method when substantial heterogeneity was detected. Publication bias was
assessed using funnel plots and the Egger test. Meta-regression was conducted to
explore correlations between age and diastolic blood pressure response to HIIT, as
well as between fasting insulin levels and blood pressure. Statistical analyses were
performed using CMA2 software.

Quality Assessment

Study quality was evaluated using the 9-item Pedro checklist, which assessed
randomization, participant eligibility, intent-to-treat analysis, and statistical reporting.
Scores ranged from 0 to 9, with higher scores indicating better methodological
quality.

Results: A total of 392 studies were identified from searches until February 2023.
After removing duplicates, 263 studies remained for screening. Following full-text
assessments, 13 studies were included in the meta-analysis:

- 4 studies evaluated body weight,

- 12 studies analyzed fasting glucose,

- 11 studies examined fasting insulin,

- 11 studies investigated HOMA-IR,

- 7 studies assessed systolic blood pressure,
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- 7 studies assessed diastolic blood pressure.

Participant Characteristics

This meta-analysis included 466 participants (149 women and 317 men) aged 24.7—
57 years, all categorized as overweight or obese adults.

- In the HIIT group, the mean age was 41.9316.82 years, and the BMI was
31.72+5.1.

- In the control group, the mean age was 42.23+5.55 years, and the BMI was
32.68+4.08.

The control group did not perform any exercise interventions. The minimum sample

size in studies was 19 participants (35), while the maximum was 96 (36).

HIIT Protocol Characteristics

A total of 13 studies were examined in the meta-analysis. HIIT protocols consisted of
exercise bouts performed at 95% maximal oxygen consumption (VO,max) with
active rest intervals at 50% VO,max.

- The minimum intervention duration was 3 weeks (37), and the maximum was 16
weeks (36, 38, 39).

- Training frequency ranged from 2 sessions per week (40) to 6 sessions per week
(41).

Meta-analysis

- Body weight: HIIT did not significantly reduce body weight (P=0.2, WMD=-1.37 kg,
Cl: -3.94 to 1.19). No heterogeneity was detected (P=0.8, 1>=0).

- Fasting glucose: HIIT significantly reduced fasting glucose levels (P=0.002, WMD=-
8.65 mg/dL, Cl: -14.04 to -3.26) Moderate heterogeneity was observed (P=0.001,
1=85.67).

- Fasting insulin: HIIT significantly decreased fasting insulin levels (P=0.005, WMD=-
1.88 U/L, ClI: -3.2 to -0.56). Moderate heterogeneity was found (P=0.001, 1?>=89.01).

- HOMA-IR: No significant changes were observed (P=0.06, WMD=-0.79, CI: -1.64
to 0.05). High heterogeneity was reported (P=0.001, 1?>=99.00).
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- Systolic blood pressure: HIIT did not significantly affect systolic blood pressure
(P=0.06, WMD=-3.57 mmHg, CI: -7.31 to 0.16). No heterogeneity was detected
(P=0.09, I>=51).

- Diastolic blood pressure: HIIT significantly reduced diastolic blood pressure
(P=0.03, WMD=-3.33 mmHg, CIl: -6.49 to -0.16). Significant heterogeneity was
observed (P=0.02, I>=58.61).

Conclusion: This study aimed to examine the effects of high-intensity interval
training (HIIT) on cardiometabolic factors and body weight in overweight and obese
adults. Results indicated that HIIT did not have a significant effect on body weight,
with only minor reductions observed in total body fat percentage (approximately
1.26%) and fat mass (1.38 kg) (53). Excess body weight in these individuals can
lead to reduced insulin sensitivity and systemic inflammation (6), highlighting the
importance of weight management in this population.

Numerous experimental and meta-analytic studies have reported weight loss in
response to HIIT. One meta-analysis found that body fat reduction from HIIT was
approximately 30% greater than that achieved through moderate-intensity
continuous training (MICT) (57). However, another meta-analysis reported no
significant effect of HIIT on body weight (53), which aligns with the findings of the
present study.

Only four studies in the current meta-analysis included more than 20 participants per
group, which may have impacted statistical power. Additionally, three studies
examined participants classified as obese, while others included a mix of overweight
and obese individuals. Overweight individuals often engage in exercise due to
sedentary lifestyles and overeating, which may affect adherence and tolerance to
HIIT (58).

The effects of HIIT on body weight are likely due to metabolic changes, increased
excess post-exercise oxygen consumption (EPOC), and alterations in appetite
regulation (59). During high-intensity exercise, substrate utilization shifts toward
carbohydrates, making weight reduction through HIIT-induced energy expenditure
less probable. The increase in catecholamines and growth hormone may promote

lipolysis (60), though this does not necessarily lead to overall weight loss.
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Additionally, HIIT resulted in a significant reduction in diastolic blood pressure
(WMD=-3.33 mmHg), while its effect on systolic blood pressure was not significant.
This may be due to mild hypertension among participants. Moreover, with increasing
age, the blood pressure response to exercise may diminish (69).

Finally, HIIT in overweight and obese individuals led to notable reductions in fasting
blood glucose (WMD=-9.29 mg/dL) and fasting insulin (WMD=-1.88 UJL).
Improvements in insulin resistance (WMD=-0.79) were close to statistical
significance. These findings highlight the importance of HIIT in enhancing metabolic
health in overweight and obese individuals, potentially preventing health
complications associated with insulin resistance.

Overall, despite metabolic improvements, if weight loss is a primary treatment goal,
exercise interventions must account for adequate energy expenditure, which may not

be fully achievable through HIIT.
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