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Abstract

Aim: Type 2 diabetes is associated with increased systemic inflammation that may be increased
cardiovascular diseases for which exercise training is a potential therapy. The effects of high
intensity interval training (HIIT) on inflammatory markers in Type 2 diabetes patients, however,
require further elucidation. We therefore performed a systematic review and meta-analysis to
investigate the effect of HIIT on inflammatory markers in Type 2 diabetes patients. Methods:
PubMed, Scopus, and Web of Science were searched up to May 2022 for HIIT vs. Control or
only HIIT studies on inflammatory makers i.e. CRP, IL-6 and TNF-a in Type 2 diabetes patients.
The search was performed using the HIIT, inflammation and type 2 diabetes keywords.
Standardized mean difference (SMD) effect sizes and 95% confidence intervals were calculated Scan this QR code to see the
using CMA2 software. Results: Among the 257 extracted studies, 11 studies including 257  accompanying video, or visit

participants (143 women and 114 men) with an age range of 44 to 71 years were included in the  jahssp.azaruniv.ac.ir

-0.13), p = 0.01] and CRP [-0.65 (95% CI: -1.21 to -0.08), p = 0.02]. However, there were no
significant evidence for an effect of HIIT on IL-6 [-0.31 (95% CI: -0.70 to -0.06), p = 0.10] in
Type 2 diabetes patients. Conclusions: These results suggest that HIIT could induce
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Extended abstract

Background

Insulin resistance, hyperglycemia, and dysfunction of pancreatic beta cells are the main symptoms of type 2 diabetes,
which can lead to the regulation of chronic inflammation (1). Several studies have shown that inflammatory markers
including interleukin-6, tumor necrosis factor alpha (TNF-a) and C-reactive protein (CRP) are associated with type 2
diabetes (2). Therefore, these inflammatory markers are known as therapeutic targets for type 2 diabetes.

Exercise and nutritional interventions are the main strategies for the treatment of type 2 diabetes (3, 4), which high
intensity interval training (HIIT) has been suggested as an effective exercise for glycemic markers, body composition,
visceral and liver fat, and cardiometabolic indices in individuals with metabolic diseases (11-17). However, less known
about roles of HIIT on inflammatory markers in individuals with type 2 diabetes. Therefore, the present meta-analysis
was conducted to investigate the effects of HIIT on inflammatory markers including IL-6, TNF-a and CRP in type 2
diabetic patients.

Methodology

A comprehensive search was conducted in PubMed, Web of Science, Scopus and Google Scholar databases using the
keywords of HIIT, inflammatory markers and type 2 diabetes from the inception to May 2022. Studies were included in
the present meta-analysis that met the following criteria: (1) studies published in English and Persian language journals,
(2) studies with human subjects with an average age greater than 18 years, (3) studies with subjects who have type 2
diabetes, (4) studies investigating the effect of HIIT with an intervention duration of more than 2 weeks, (5) studies
measuring circulating levels of inflammatory markers IL-6, TNF-o and CRP. For current meta-analysis following
information were extracted from studies: (1) the characteristics of the studies, including the type of study and the sample
size, (2) the characteristics of the subjects, including age and body mass index (BMI), (3) the characteristics of the exercise
interventions, including type, intensity, time, frequency and duration of interventions, (4) inflammatory markers and
measurement method (5) and mean and standard deviation of main outcomes in the pre- and post of intervention. If
needed, the desired data was extracted from the figure using Get data software. The quality assessment of the included
studies was assessed using PEDRO tool. For calculation of effect size, SMDs and 95% confidence intervals (Cls) were
calculated using the random effect model method. For studies that lacked a control group, only the data from the single
HIIT group was included. The heterogeneity was assessed using the 12 test. the publication bias was assessed using the
visual interpretation of funnel plot and Egger’s test, and the significance level was p<0.1. All analyses were performed
using CMAZ2 software.

Results

Eight from 11 studies, had investigated the effect of HIIT versus the control group, and the three had only single groups.
257 patients with type 2 diabetes were included in this study which 143 were women and 114 were men. Also, the number
of participants in the HIIT group was 160 and the number of subjects in the control group was 97.

IL-6. The meta-analysis of 7 interventions showed that HIIT has no significant effect on the reduction of IL-6 in type 2
diabetic patients [-0.31, Cl: -0.70 to 0.06, p=0.10].

TNF-a. The meta-analysis of 9 interventions showed that HIIT has a significant effect on reducing TNF-a in type 2
diabetic patients [-0.62, CI: -1.12 to -0.13, P=-0.01].

CRP. The meta-analysis of 7 interventions showed that HIIT has a significant effect on reducing CRP in type 2 diabetic
patients [-0.65 ClI: -1.21 to 0.08 -0.65, p=0.02].

Discussion and Conclusions

Chronic systemic inflammation is known as an important risk factor in the pathogenesis of diseases associated with insulin
resistance, including type 2 diabetes, which is characterized by an increase in pro-inflammatory cytokines, including IL-
6 and TNF-a, as well as CRP. On the other hand, exercise training is an effective intervention to improve the condition
of chronic inflammation, however, the effects of exercise training can be related to exercise type and intensity. Based on
the results of the present study, HIIT had beneficial effects on inflammatory markers in type 2 diabetic patients, which
shows that HIIT has significant effects in reducing TNF-a and CRP. Adipose tissue, especially visceral fat, macrophages
and T cells are mainly source for the secretion of IL-6 and TNFa and increasing the circulating amounts of these cytokines.
Exercise training can play an important role in improving the secretion of cytokines and reducing the circulating amounts
Copyright ©The authors Publisher: Azarbaijan Shahid Madani University
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of these hormones, at least in part due to the reduction of fat mass and visceral fat. In this regard, the beneficial effects of
various types of exercise, including aerobic, resistance and HIIT exercises, have been documented on the reduction of fat
mass and visceral fat (16, 26, 44). The evidence shows that the beneficial effects of HIIT on the reduction of fat mass and
visceral fat as the main site for the secretion of cytokines can be a reason for the improvement of circulating levels of
inflammatory cytokines (45). Also, animal studies show that HIIT leads to changes in the phenotype of white to brown
adipose tissue, decreased expression of pro-inflammatory cytokines, and changes macrophage polarization from M1 to
M2, which may further decrease circulating levels of these hormones. (46-48). Therefore, HIIT may reduce chronic
inflammation through changes in the mass and morphology of adipose tissue, especially visceral fat. CRP, as one of the
other main markers of chronic inflammation, is produced and secreted from the liver in response to the increase of pro-
inflammatory cytokines such as IL-6 and TNF-a (49). Potential mechanisms for decreasing CRP are related to reducing
body weight, especially visceral fat and inflammatory cytokines.

Article Message

In general, the findings of the present study showed that HIIT is an effective exercise intervention to reduce pro-
inflammatory cytokines and CRP in type 2 diabetic patients.
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Model  Study name Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower Upper
in means error Variance limit limit ZValue p-Value

Banitalebi etal. 2019 -0.132 0.378 0143 -0874 0609 -0350 0.726
Madsen etal 2015 -0.194 0.319 0102 -0.820 0431 -0609 0.542
Mallard et al. 2017 -0.033 0.224 0.050 -0471 0405 -0147 0.583
Nemati et al. 2017 -2.083 0.563 0317 -3187 -0980 -3701 0.000
Ranjbar etal. 2016 -0.278 0.477 0227 -1.212 0656 -0583 0.560
Sabouri et al. 2021 -0.327 0.376 0141 -1.063 0410 -0E7O 0.385
Zamanpour etal. 2016 -0.025 0.378 0143 -0769 0713 -0073 0.942
Random -0.318 0.196 0.038 -0703 0066 -1623 0.105
-4.00 -2.00 0.00 2.00

4.00
Meta Analysis
1L-6 , HIIT I by e (Forest Plot) cuslsl jlages .Y lages
Model  Study name Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower Upper
inmeans  error Variance limit  limit Z-Value p-Value
Afrasyabietal. 2019a -2.196 0.566 0.321 -3.306 -1.086 -3.879 0.000
Afrasyabi etal. 2019b -1.079 0479 0229 -2.017 -0.141 -2.255 0.024
Dinnwald et al. 2019 -0.347 0.364 0133 -1.060 03867 -0.953 0.341
Mallard et al. 2017 0.021 0.224 0.050 -0.416 0.459 0.092 0.927
Salimi avansar 2017 -1.986 0.499 0.249 -2964 -1.008 -3.981 0.000
Sabouri et al. 2021 -0.102 0.374 0.140 -0.834 0630 -0273 0.785
MNemati etal. 2017 -0.848 0.476 0226 -1.778 0086 -1.778 0.075
Madsen et al. 2015 0216 0.320 0.102 -0D.411 0.843 0676 0.439
Zamanpour et al. 2016 -0.210 0.379 0.144 -0953 0533 -0.5855 0.579
Random -0.626 0.253 0.064 -1.121 -0.130 -2476 0.013 -
-4.00 -2.00 0.00 2.00 4.00
Meta Analysis
TNF-a  HIIT §l b e (Forest Plot) cuslsl jlges ¥ jlages
Model  Study name Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
abolfathi et al. 2015 -0.097 0475 0225 -1.027 0833 -0204 0.838
Diannwald et al. 2019 -0.769 0.402 0.162 -1.588 0.020 -1.911 0.056
Sabouri etal. 2021 -0.277 0.375 0.141 -1.012 0458 -0.738 0.480
Zamanpour etal. 2016 -1.432 0.424 0179 -2.262 -0.601 -3.379 0.001
Random -0.650 0.291 0.085 -1.219 -0.080 -2234 0025 otlfi-
-4.00 -2.00 0.00 2.00 4.00
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