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Abstract
Objective To explore the effect of high-intensity interval training (HIIT) on
blood glucose control in experimental animals with type 2 diabetes mellitus
(T2DM) and to evaluate the quality of the included studies.

Methods Literature was obtained by searching PubMed, EMbase, Web of Sci-
ence, BIOSIS Preview and Cochrane Library. Chinese literature was obtained
through CNKI, WanFang Data, SinoMed and VIP Database. Studies were
collected and screened strictly according to inclusion/exclusion criteria. The
methodological quality and reporting quality of the included studies were eval-
uated using SYRCLE’s risk of bias tool for animal studies (SYRCLE) and
Animal Research: Reporting In Vivo Experiments guidelines 2.0 (ARRIVE 2.0).
Outcomes such as body weight (BW), fasting blood glucose (FBG), fasting in-
sulin (FINS), homeostasis model assessment of insulin resistance (HOMA) were
meta-analyzed and the quality of evidence was evaluated using Grading of Rec-
ommendations Assessment, Development and Evaluation (GRADE).

Results Twenty studies were included, including male mice (9) or rats (11).
T2DM models were established mainly in two ways: high-fat diet and/or com-
bined with streptozotocin (STZ) injection (15 articles), genetic modification (5
articles). Exercise and interval intensity were measured using VO2 max, maxi-
mum speed and slope, with 1-4.5 minutes of exercise and 15 seconds-3 minutes
of interval, and the training duration was 8-13 weeks with 3-5 sessions per week.
The SYRCLE assessment results were mainly uncertain; none of the individual
items or single studies assessed by ARRIVE 2.0 appeared complete. Standard-
ized mean difference (SMD) combined effect size showed that compared with the
sedentary control group, heterogeneity was large for all outcomes, and there were
significant differences in FBG and HOMA. All evidence assessed by GRADE
was of very low quality.
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Conclusions The effect of HIIT on blood glucose control is clear, but the influ-
encing factors are complex, the risk of bias is high, the reporting quality is low,
the source of heterogeneity in outcomes is complex, and the quality of evidence
is extremely low, which questions its reliability and validity. It is recommended
to use ARRIVE 2.0 as a guide to increase the integrity and transparency of re-
search information and improve research quality through experimental protocol
registration and supplementary materials.
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Abstract

Objective: To investigate the effects of high-intensity interval training (HIIT)
on blood glucose control in experimental animal models of type 2 diabetes mel-
litus (T2DM) and to evaluate the quality of included studies.

Methods: We systematically searched PubMed, Embase, Web of Science, BIO-
SIS Preview, and the Cochrane Library for English-language literature, and
CNKI, WanFang Data, SinoMed, and VIP Database for Chinese literature.
Study selection was conducted strictly according to predefined inclusion and
exclusion criteria. Methodological quality and reporting quality were assessed
using SYRCLE’s risk of bias tool for animal studies and the Animal Research:
Reporting of In Vivo Experiments guidelines 2.0 (ARRIVE 2.0). Outcomes in-
cluding body weight (BW), fasting blood glucose (FBG), fasting insulin (FINS),
and homeostasis model assessment of insulin resistance (HOMA) were meta-
analyzed, and evidence quality was evaluated using the Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE) system.

Results: Twenty studies were included, involving male mice (9 studies) or rats
(11 studies). T2DM models were developed primarily through high-fat diet
feeding with or without streptozotocin (STZ) injection (15 articles) or through
genetic modification (5 articles). Exercise intensity and intervals were mea-
sured using VO2max, maximum speed, and slope, with exercise durations of
1–4.5 minutes and intervals of 15 seconds to 3 minutes. Training lasted 8–13
weeks at a frequency of 3–5 sessions per week. SYRCLE assessment results
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were predominantly uncertain, and no single study met all ARRIVE 2.0 criteria.
Meta-analysis using standardized mean difference (SMD) showed significant het-
erogeneity across studies. Compared with sedentary controls, HIIT produced
significant reductions in FBG and HOMA, though the absolute effect sizes var-
ied considerably. GRADE assessment rated all evidence as very low quality.

Conclusions: While HIIT appears to have clear effects on blood glucose con-
trol, the evidence is compromised by complex influencing factors, high risk of
bias, poor reporting quality, substantial outcome heterogeneity, and extremely
low overall evidence quality, which questions the reliability and validity of find-
ings. We recommend using ARRIVE 2.0 as a guide to improve research trans-
parency and quality through comprehensive experimental protocol registration
and detailed reporting.

Keywords: Type 2 Diabetes Mellitus; Experimental Animals; High-Intensity
Interval Training; Systematic Review; Meta-Analysis

Type 2 diabetes mellitus (T2DM) is a serious metabolic disease with increasing
incidence worldwide, representing an unprecedented and largely uncontrolled
pandemic. Notably, one in four diabetic patients globally originates from China
[1], and the prevalence among Chinese adults aged 18 and older has risen from
10.4% in 2013 to 11.2% in 2017 [2]. High-intensity interval training (HIIT) has
emerged as a popular exercise concept and methodology, ranking among the top
five global fitness trends for eight consecutive years as of 2021 according to the
American College of Sports Medicine [3]. HIIT can improve insulin sensitivity
in adults and may confer greater cardiovascular benefits for individuals at high
risk of T2DM [4]. However, critical questions remain regarding the biological
mechanisms of HIIT in T2DM patients, its effects on complications and other
important outcomes, its advantages compared to other exercise interventions,
and its safety profile. Due to the lengthy duration, difficulty, and potential risks
to participants in clinical experimental research, current evidence remains very
limited and conclusions are unclear [5].

Animal experiments offer a valuable alternative research strategy, and many in-
vestigators have employed animal models to address these questions. However,
HIIT as an exercise intervention exerts broad, holistic effects on the organism,
with slower and reversible outcomes compared to pharmacological interventions.
Experimental factors are numerous and complex, and improper handling can
compromise research quality and lead to erroneous conclusions. The method-
ological rigor and reporting quality of current animal experiments investigating
HIIT interventions in T2DM, along with the characteristics of their research
outcomes, are prerequisites for determining the value of these animal studies.
This study employs systematic review and meta-analysis methodology to syn-
thesize the evidence, aiming to provide researchers with high-quality evidence,
optimize experimental protocols, and reduce redundant studies. Our goal is to
maximize the extraction of health-promoting information from animal experi-
mental research while upholding the principles of reduction, replacement, and
refinement (3Rs) for animal experimentation.
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This research protocol was registered with PROSPERO (registration code:
CRD42021244120). The report was completed according to the protocol and
the actual characteristics of included studies, following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) statement.
Both the full text and abstract were checked against the PRISMA 2020
checklist, with verification results provided in Supplementary Appendices 1
and 2.

1. Methods
1.1 Inclusion and Exclusion Criteria

Inclusion and exclusion criteria were established based on the PICOS principle
(Participants, Interventions, Comparisons, Outcomes, Study design).

1.1.1 Inclusion Criteria
(1) Study design: Experimental studies; (2) Participants: T2DM animal mod-
els, with no restrictions on species; (3) Intervention and control protocols: HIIT
defined as exercise intensity >80–95% VO2max or equivalent peak heart rate
(HRpeak) or equivalent running speed, with no restrictions on specific exercise
type, exercise time, interval duration, training duration, or frequency. No re-
strictions were placed on control groups; (4) Outcomes: Body weight (BW),
fasting blood glucose (FBG), fasting insulin (FINS), and homeostasis model
assessment of insulin resistance (HOMA).

1.1.2 Exclusion Criteria
Duplicate publications; in vitro studies, cell and tissue culture studies, and
human studies; observational studies, systematic review protocols, traditional
reviews, and systematic reviews/meta-analyses; literature for which full text
could not be obtained (e.g., conference abstracts); multiple publications from the
same study were counted as a single study to avoid duplicate outcome inclusion.

1.2 Literature Search Strategy

We searched PubMed, Embase, Web of Science, BIOSIS Preview, Cochrane Li-
brary, CNKI, WanFang, VIP, and SinoMed databases from inception to August
23, 2021, with no restrictions on publication year or language. A supplementary
search strategy was employed by reviewing reference lists of relevant systematic
reviews/meta-analyses and included original studies to identify additional eli-
gible articles. In accordance with PRISMA 2020 requirements, detailed search
formulas and results for each database are provided in Appendix 3 and the
supplementary document package.

1.3 Literature Screening and Data Extraction

Literature screening and data extraction were completed independently by two
researchers, with a third researcher summarizing findings. Discrepancies were
resolved through discussion among all three researchers.
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1.3.1 Literature Screening
Retrieved literature was imported into EndNote software, where duplicates were
identified using the “Find Duplicates”function combined with manual verifi-
cation. Titles and abstracts were then screened to exclude studies not meeting
inclusion criteria, including review articles, human studies, non-animal stud-
ies, and non-T2DM studies. Full texts were obtained for potentially eligible
studies, with authors contacted by email if web-based searches lacked necessary
data. Two researchers independently read full texts, applied exclusion criteria,
and screened each article individually. For multiple publications from the same
study, one publication was retained based on the most complete outcome data,
with preference given to journal articles or more recent publications.

1.3.2 Data Extraction
Data were extracted directly from text, tables, and graphs. When data were
presented only graphically, the GetData Graph Digitizer software was used for
extraction. Extracted data were organized into three tables: (1) Basic infor-
mation table including first author, publication year, country, animal species,
ethical approval, funding support, outcomes, and comments; (2) Experimental
design table including animal information and T2DM induction methods (strain,
sample size, age, sex, weight, temperature, humidity, lighting, drug administra-
tion details, dose, site, frequency, success criteria, and intervention group sample
size); (3) Interventions and comparison measures table including exercise type,
intensity, duration, interval exercise parameters, repetition number, frequency,
program duration, and control measures. All outcomes were continuous vari-
ables: BW (g), FBG (mmol/L), FINS (mmol/L), and HOMA. Authors were
contacted by email (up to two attempts) for unreported or unclear data.

1.4 Quality Assessment

1.4.1 Risk of Bias Assessment
The SYRCLE (Systematic Review Centre for Laboratory Animal Experimenta-
tion) risk of bias tool for animal studies was used [6]. As detailed in Appendix
4, SYRCLE evaluates six domains: selection bias, performance bias, detection
bias, attrition bias, reporting bias, and other biases, comprising 10 items includ-
ing sequence generation, baseline characteristics, allocation concealment, ran-
dom housing, blinding, randomized outcome assessment, incomplete outcome
reporting, selective outcome reporting, and other bias sources. Judgments of
“Yes,”“No,”or “Unclear”were made and expressed as percentages.

1.4.2 Reporting Quality Evaluation
Reporting quality was assessed using the Animals in Research: Reporting In
Vivo Experiments (ARRIVE) guidelines 2.0, updated by the National Centre for
the Replacement, Refinement and Reduction of Animals in Research (NC3Rs)
in July 2020 [7]. The ARRIVE 2.0 Executive Questionnaire provided by NC3Rs
in March 2021 (Appendix 5) was used to evaluate reporting quality based on
key items, with final completeness percentages calculated and horizontal com-
parisons performed across questionnaire items.
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1.5 Statistical Analysis and Meta-Analysis

Meta-analysis was performed using Stata 16.0 and Review Manager 5.4 software.
All outcomes were expressed as mean±standard deviation (mean±SD). When
original studies reported data as mean±standard error (mean±SEM), conver-
sion was performed using the formula SD = SEM × √n. Effect sizes were pooled
using standardized mean difference (SMD) with 95% confidence intervals (95%
CI). Heterogeneity was assessed using the Q test (𝛼 = 0.10). When I2 ≤ 50%,
a fixed-effects model was used; when I2 > 50%, a random-effects model was
employed. Sources of heterogeneity were explored through sensitivity analysis,
subgroup analysis, and univariate meta-regression. Potential sources included
species, modeling methods, and exercise protocols. Statistical significance was
set at P < 0.05.

1.6 Evidence Quality Evaluation

Evidence quality for outcomes was assessed using the GRADE system [8]. Two
researchers independently used the GRADEpro GDT online tool to rate evi-
dence quality across five domains: study limitations, publication bias, impre-
cision, inconsistency, and indirectness [9]. Results were cross-checked, with
disputes resolved by the study supervisor.

2. Results
2.1 Literature Search and Screening

The initial search yielded 446 articles (35 Chinese, 411 English), which were
imported into EndNote. After eliminating 96 duplicates through author, journal,
publication date, and title verification, 350 articles remained. Title and abstract
screening excluded review studies, human studies, other animal models (e.g.,
obesity, heart failure), and conference abstracts, leaving 29 full-text articles (8
Chinese, 21 English). One Korean study was translated using WPS and Youdao
translation tools. The Persian study by ESMAEILI S (2018) was interpreted
using the English title, abstract, keywords, and professional Persian translation
services. The detailed screening process is shown in Appendix 6.

2.2 Characteristics of Included Studies

2.2.1 Basic Information
Table 1 summarizes the 29 full-text articles reviewed. Twelve studies used mice
(all C57BL strain), while 17 used rats (13 Wistar, 3 Sprague-Dawley, 1 OLETF).
Eighteen studies reported ethical committee approval, and eight received fund-
ing support. Geographically, 12 studies originated from China (7 mice, 5 rats),
11 from Iran (all rats), 3 from Norway, and 1 each from France, the United
States, and South Korea. All non-US studies used mice. During full-text re-
view, studies with identical research designs and outcomes were identified as
duplicates. Criteria for identifying duplicate studies included identical or par-
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tially identical outcomes with identical intervention protocols. When duplicates
were identified, the study with the most complete outcomes was retained, with
preference for journal articles or more recent publications. ESMAEILI S (2018),
Amri J (2019), and Mohammad P (2019) shared intervention protocols and
some results, so Amri J (2019) with the most outcomes was retained. ZHENG
L (2020) and Zheng Lifang (2021) were duplicates, with the journal publication
retained. Similar duplicate handling was applied to Kalaki-Jouybari F (2020)
and KHAKDAN S (2020), Xing Xiaorui (2019) and Li Xun (2018), and Zhang Q
(2020) and Zhang Qiang (2017). Lin Sen (2020) and Zhang Xiaofei (2020) repre-
sented the same study using pre-diabetes induction exercise protocols, which did
not meet our inclusion criteria. ROLIM N (2015) was excluded for not meeting
inclusion criteria, leaving 20 studies for final inclusion.

2.2.2 Experimental Design
Table 2 presents the experimental designs of the 20 included studies, all of which
were controlled group experiments. While most studies mentioned temperature,
humidity, and lighting conditions, details were generally lacking. For T2DM
induction, four studies used db/db mice and one used OLETF rats. KHAKDAN
S (2020) employed a simple high-fat high-fructose diet (HFHFD), SABOURI M
(2020) and Amri J (2019) used streptozotocin (STZ) alone, and the remaining
12 studies combined high-fat diet with STZ injection. STZ was administered
intraperitoneally as a single injection in all but one study, though timing and
dosage varied considerably. Zhang Q (2020) reported STZ injection followed by
high-fat diet, while others administered STZ after 12 weeks of high-fat feeding.
STZ was typically dissolved in fresh sodium citrate buffer at pH 4.4–4.5. Mouse
studies used doses of 100 mg/kg or 10 mg/kg, while rat studies used 30–65 mg/kg.
Sample sizes ranged from 6–8 animals per group. T2DM induction success was
determined by FBG values using thresholds of $�$16.7 mmol/L, $�$13.8 mmol/L,
or $�$11.1 mmol/L, though db/db mice and OLETF rats lacked explicit success
criteria. The sample size for SABOURI M (2020) was unclear, and YAZDANI
F (2020) showed inconsistencies between reported group sizes (n=8/group) and
body weight data (n=10/group). Authors were contacted but did not respond.
MOGHADDAMI K (2018) contained errors in degrees of freedom conversion
and blood glucose unit conversion (mg/dL to mmol/L).

2.2.3 HIIT Intervention and Control Measures
Table 3 details the interventions. All studies used treadmill exercise for both
high-intensity and interval training. Mouse high-intensity speeds ranged 15–
26 m/min, while rat speeds ranged 25–36 m/min, with weekly increments of
1–2 m/min. Slopes of 15°, 20°, and 25° were used, with intensity specified as
80–95% VO2max. Exercise duration was 2–4 minutes per bout, repeated 4–
13 times. Intervals consisted of low-to-moderate intensity exercise at 0–75%
VO2max. Training frequency was 3–6 sessions per week. Control groups in-
cluded sedentary, continuous exercise, and moderate-intensity intermittent ex-
ercise conditions. Training duration across studies ranged from 8–13 weeks,
with 15 studies using 8 weeks, one study (Stolen 2009) using 13 weeks, and four
studies using 10–12 weeks.
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2.3 Quality Assessment

2.3.1 Risk of Bias
SYRCLE assessment (Figure 1) revealed that selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other biases could not be
determined from the published reports. Only three studies could be definitively
rated as low risk for selection and other biases.

2.3.2 Reporting Quality
ARRIVE 2.0 evaluation of the 20 included studies (Figure 2) assessed the 10
key items of the executive questionnaire covering study design, sample size,
inclusion/exclusion criteria, randomization, blinding, outcome measures, statis-
tical methods, experimental animals, procedures, and results. The evaluation
comprised 18 questions answered as “yes”or “no.”Nearly all studies failed to
report details on randomization and blinding. The rationale for sample size de-
termination, effect size magnitude, and confidence intervals were not provided.
Additionally, determination and statistical handling of the experimental unit
were not reported, and whether data met statistical assumptions was overlooked.
The complete reporting rate for all studies was below 80%, though reporting of
experimental animal characteristics and outcomes was relatively complete.

2.4 Meta-Analysis Results

2.4.1 Meta-Analysis Findings
Table 4 presents the meta-analysis results. For comparisons between HIIT and
sedentary controls, heterogeneity was substantial (I2 > 50%, P < 0.1) for all
outcomes except BW and HOMA when compared to exercise controls, which
showed no significant heterogeneity (I2 < 50%, P > 0.1) and thus used fixed-
effects models. Random-effects models were used for all other outcomes. Com-
pared with sedentary controls, HIIT showed absolute SMDs > 0.5 for FBG,
FINS, and HOMA, with highly significant reductions in FBG and HOMA (P
< 0.01). Compared with exercise controls, absolute SMDs for BW, FBG, FINS,
and HOMA ranged 0.2–0.5, but confidence intervals were wide and crossed the
null effect line.

2.4.2 Sensitivity Analysis
Sensitivity analysis for HIIT versus sedentary controls (Figure 3) and HIIT ver-
sus exercise controls (Figure 4) showed that removing any single study did not
substantially alter the pooled effect sizes. Using Review Manager 5.4 to sequen-
tially remove individual studies, overall heterogeneity remained high. Subgroup
analyses based on population, modeling method, and training duration did not
reveal obvious sources of heterogeneity.

2.5 Evidence Quality Evaluation
GRADE assessments (Table 5) rated the evidence quality for all outcomes (BW,
FBG, HOMA) as very low across all included samples.
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3. Discussion
Animal studies investigating HIIT interventions in T2DM originate primarily
from China and Iran, particularly in recent years, reflecting distinct regional
research patterns. The appeal of HIIT lies in its high fitness efficiency and time-
saving nature, aligning with contemporary fast-paced lifestyles and fragmented
time availability. Economic development and increasing competitive pressures
have further driven interest in HIIT. Given the relatively high T2DM prevalence
in both China and Iran [1], understanding HIIT’s effects on glycemic control
holds significant practical value. While animal experimental research on HIIT
interventions in T2DM addresses an important applied scientific question, at-
tention must be paid to inconsistent reporting of the same study across multiple
publications.

Rodents are commonly used in exercise intervention studies for chronic diseases
[39]. The included studies utilized rats or mice, but substantial heterogeneity ex-
isted in model selection, STZ concentrations, diet composition, feeding duration,
and STZ injection timing. While all studies employed treadmill-based HIIT, con-
siderable variation was observed in intensity intervals, testing methods, exercise
duration, interval patterns, and weekly frequency. Notably, training duration
significantly affects glycemic control outcomes. BW, FBG, FINS, and HOMA
are all indirect surrogate outcomes [40] that reflect health status statically and
are influenced by multiple factors including measurement timing, physiological
condition, testing methods, and instrumentation. These measures show bidirec-
tional relationships with HIIT effects, making it problematic to assess health
benefits based on single-indicator changes.

Clinical studies demonstrate small effect sizes for HIIT on BW in T2DM pa-
tients, with bidirectional changes (both decreases and increases) reported [41,42].
More carefully defined exercise protocols are needed to improve evidence quality.
Compared with sedentary controls, HIIT significantly reduced FBG and HOMA,
demonstrating clear glycemic control effects, though no significant advantages
over other exercise modalities were observed.

From a PICOS perspective, species differences, model variations, and diverse
exercise protocols contributed to substantial outcome heterogeneity, reflecting
considerable diversity and uncertainty across studies. These intertwined factors
complicate identification of heterogeneity sources.

High-quality evidence is fundamental to realizing the value of animal experi-
ments, and low risk of bias is essential for ensuring evidence quality. SYRCLE
evaluation revealed that most included studies had unclear or high risk of bias
across multiple domains. While drug intervention animal studies commonly ex-
hibit issues with sequence generation, allocation concealment, blinding, and lack
of randomized outcome assessment reporting [43], exercise intervention stud-
ies similarly show unreported or unclear sequence generation, allocation con-
cealment, random housing, randomized outcome assessment, incomplete data
reporting, and selective outcome reporting [44]. Blinding procedures remain
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largely unreported or unclear.

The reproducibility crisis in experimental animal research has garnered increas-
ing attention, with transparent reporting being key to improving reproducibility.
To facilitate practical implementation, NC3Rs revised and published ARRIVE
2.0 in 2020, featuring a tiered questionnaire design with “Key 10 Items”as the
basic requirement [7]. However, incomplete reporting remains problematic [45].
None of the included studies clearly described random sequence generation meth-
ods or addressed potential confounding factors. Blinding was neglected during
animal grouping, intervention, and outcome assessment. While all studies re-
ported group sample sizes (n=), they overlooked experimental unit design and
implementation, lacked sample size justification, and underreported basic ani-
mal information [46]. Whether considering individual studies or ARRIVE 2.0
items, reporting was incomplete. Journal space limitations, absence of“negative”
study publications [47], exclusive use of male animals [48], and consequences of
duplicate reporting prevent full presentation of study details, resulting in poor
reproducibility (<25%). Appropriate sample size calculations and effect analy-
ses are essential [49]. The reproducibility crisis represents a major challenge for
sports science research, requiring reasonable responses to align with progress in
other disciplines [50].

4. Conclusion
HIIT demonstrates clear effects on blood glucose control, but the evidence is
compromised by complex influencing factors, high risk of bias, poor reporting
quality, substantial outcome heterogeneity, and extremely low overall evidence
quality, which questions the reliability and validity of findings. We recommend
using ARRIVE 2.0 as a guide to enhance research information integrity and
transparency, and to improve study quality through experimental protocol reg-
istration and comprehensive reporting.
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