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Abstract
Background Impaired glycemic control, a sedentary lifestyle and diabetes related consequences are common 
challenges faced by experts and individuals with type 2 diabetes mellitus (T2DM). Although regular exercise has been 
shown to improve glycemic control in individuals with T2DM, conventional exercise recommendations are not always 
feasible for patients due to time constraints. Therefore, “exercise snacking’’, which involves short bouts of exercise 
interspersed throughout the day, has emerged as a potential alternative to traditional exercise regimes. However, 
optimal intensity, amount, frequency and/or type of “exercise snacking’’ for individuals with T2DM remains unclear. The 
purpose of this three-arm randomized crossover study is to examine the acute effects of different “exercise snacking” 
modalities on cardiometabolic factors and mental health.

Methods Ten sedentary patients (five males and five females, age range: 18–45 years; body mass index (BMI) range: 
25–35 kg/m2) diagnosed with T2DM without additional diseases will be recruited. In this crossover study, participants 
will receive all of the following interventions in a random order: (1) three short sessions of 6 × 1 min of cycling at 
90% of maximal heart rate (HRmax) (2) three short sessions of 1 × 20 s of “all out’’ sprints at cycle ergometer and (3) no 
intervention. Glycemic parameters, blood pressure, rate of perceived extraction (RPE), adverse events, enjoyment and 
affect will be evaluated before and directly after each intervention.

Discussion The results of this acute study have great potential to inform future public health efforts designed to 
improve glycemic control, increase exercise rates and affect overall health in individuals with T2DM.

Trial registration The study was registered on ClinicalTrials.gov (NCT06146036) registred on 18 December, 2023.

Keywords Diabetes, High intensity interval training, Blood glucose, Accumulated exercise, Continuous glucose 
monitoring
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Background
The prevalence of type 2 diabetes mellitus (T2DM) con-
tinues to increase alarmingly, with 642  million patients 
predicted by 2040, posing an enormous economic and 
social challenge [1]. In addition, previous studies [2, 3] 
have shown that most patients with T2DM continue to 
spend considerable periods of the day in hyperglycemia 
despite pharmacological interventions. Consequently, 
patients with T2DM face an increased risk of diabetes-
related complications as well as cardiovascular disease 
attributed to both, long-standing hyperglycemia [2] and 
postprandial hyperglycemia [3]. Therefore, effective and 
accessible interventions are crucial for preventing and 
treating for diabetes-related complications and increas-
ing the life expectancy of T2DM patients.

Exercise has been established as an essential nonphar-
macological approach in the management of T2DM due 
to its multifaceted benefits on glycemic control includ-
ing improved insulin sensitivity and enhanced whole-
body glucose uptake [4, 5]. In addition, previous studies 
[6–8] reported that daily acute exercise is of greater clini-
cal importance for long-term improvements in glycemic 
control compared to chronic exercise adaptations to dif-
ferent exercise modalities. However, there continues to 
be debate which exercise modality is the most effective 
and tolerable for T2DM patients. Specifically, both resis-
tance [9] and moderate continuous training (MICT) [10] 
result in enhanced glucose uptake that persists for up to 
48 hours [11]. Furthermore, recent studies [12, 13] sug-
gest that higher glucose utilization and better glycemic 
control are strongly related to exercise intensity, mean-
ing that traditional exercise programs may no longer be 
the “gold standard’’ for achieving better glycemic control. 
Unfortunately, within the field of investigation, several 
crucial questions remain unanswered and it is of great 
interest to focus on addressing these gaps.

First, despite numerous benefits, the majority of indi-
viduals with T2DM do not exercise regularly. Challenges 
are complex and numerous but the most common reason 
is the lack of time [14]. To address the lack of time and 
intensity issues, High-Intensity Interval Training (HIIT) 
and Sprint Interval Training (SIT) protocols have become 
enormously popular among T2DM population as time-
efficient and effective solutions [15, 16]. The current liter-
ature on acute effects [17–19] suggests that the HIIT and 
SIT protocols are more effective than traditional exercise 
modalities for managing glycemic control with other 
clinically relevant benefits. Nevertheless, some authors 
[15, 20] voiced concern about the time efficiency of these 
interventions (up to 60 min), as well as the high perceived 
exertion responses and side effects associated with them. 
Consequently, poor adherence to these sessions is still a 
scientific and practical challenge. Finally, recent studies 
[21, 22] have provided concrete evidence that breaking 

the entire workout session into several shorter sessions 
throughout the day resulted in better glycemic control 
among patients T2DM. Specifically, Reynolds et al. [21] 
and Pahra et al. [22] examined the effects of three sepa-
rated bouts compared to one continuous bout and con-
cluded that accumulated exercise was more beneficial for 
blood glucose regulation. However, it remains unclear 
how breaking the HIIT and/or SIT protocols can affect 
glycemic responses and outcomes such as enjoyment 
and affect. Thus, there is a growing interest in investigat-
ing the health benefits of short-duration intense exercise 
interventions in individuals with T2DM [15, 23, 24].

Given that increasing the level of physical activ-
ity among the T2DM population requires time-effi-
cient training protocols, that better glycemic responses 
strongly depend on the intensity of the sessions, and that 
exercise interventions accumulated in the multiple short 
and intense bouts spread throughout the day showed 
promising effects - the concept of “exercise snacking’’ 
has emerged as a potential modality to enhance physical 
activity among healthy and clinical populations. Briefly, 
“exercise snacking’’ involves brief, very intense bouts 
of exercise throughout the day, challenging the conven-
tional idea of continuous, prolonged, and stressful ses-
sions [25]. Furthermore, “exercise snacking’’ provides a 
time-effective alternative and induces lower perceived 
stress compared to HIIT, as demonstrated by Stork et 
al. [26]. Additionally, previous research [27] has estab-
lished that “exercise snacking’’ ensures safety, and can 
be seamlessly incorporated into daily routines, making 
them more feasible for the TD2M population. To date, 
a few studies [12, 28, 29] found that “exercise snacking’’ 
can significantly improve several health aspects including 
cardiorespiratory fitness and body composition. More-
over, engaging in short bouts of intense exercise showed 
a 38%– 40% reduction in all-cause and cancer mortality 
risk and a 48%– 49% reduction in cardiovascular disease 
mortality risk [30]. However, equivocal results have been 
found regarding glycemic control [12, 31].

Thus, caution should be taken in interpreting the lit-
erature review regarding the efficacy of these modalities 
due to the study population and different methodologi-
cal approaches. Moreover, there is a notable research gap 
in understanding the overall effects of different “exercise 
snacking’’ modalities on glycemic control in patients with 
T2DM. The type, intensity, and volume of these exercise 
bouts and how they acutely affect glycemic control are 
unknown and need further exploration. Therefore, the 
aim of this three-arm randomized crossover study is to 
examine the acute impact of different “exercise snacking” 
modalities in laboratory conditions on glycemic control 
in adults with T2DM. Further, we explore the effect of the 
“exercise snacking’’ on blood pressure, and mental health 
(i.e., enjoyment, and affect).
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Methods
Ethical approval
This study was approved by the Ethical Committee of the 
Faculty of Sport and Physical Education (ref. 04-1943/2; 
approval date: 5 December 2023), University of Niš, and 
will be conducted in accordance with the Declaration of 
Helsinki. Moreover, the study was registered on Clinical-
Trials.gov (NCT06146036).

Study design and procedures
This study will be a randomized clinical trial with a cross-
over design. The protocol was written in accordanceith 
the Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) guidelines. The complete 
copy of SPIRIT checklist is available in the supplemen-
tary material (additional file 1). Prior to the experimen-
tal protocols, participants will be asked to come to the 
laboratory on four different days, according to an indi-
vidual schedule. During the first visit, the measure-
ments will take place at the University Medical Centre 
(UMC) where an electrocardiographic stress test (ECG) 
will be performed to determine whether the participants 
can take part in the study. During the second, third and 
fourth visit, the measurements will take place in the labo-
ratory of the Faculty of Sport and Physical Education. At 
the second, third and fourth visits, baseline testing will 
be conducted to examine anthropometric characteris-
tics, cardiorespiratory fitness levels, and heart rate (HR) 
parameters, followed by the familiarization process. A 
detailed description of all assessments can be found in 
the pre-exercise interventions section.

Regarding the main experimental protocol before each 
trial participants will be asked to avoid any strenuous 
exercise for at least 72 h. After 7 days of baseline assess-
ment, participants will come to the laboratory. Each of 
these trials will be separated by at least 5–7 days. Blood 
pressure, as well as rate of perceived exertion (RPE), 
enjoyment, affect, and adverse events will be measured 
before and after each protocol using the standardized 
equipment, questionnaires and rating scales (Fig.  1). 
Moreover, HR will be measured continuously during 
each exercise session. A detailed description of all assess-
ments as well as experimental protocols can be found in 
the exercise interventions and primary and secondary 
outcomes.

Initial recruitment
An open invitation will be sent to diabetic associa-
tions and to the UMC. Additionally, participants will 
be recruited through posters, social media, and word of 
mouth. Then, an initial meeting will be held to inform all 
interested participants about the study and future ideas. 
After the initial meeting, both a contact phone number 
and email addresses will be provided for the participants 

to contact the research team and obtain additional infor-
mation. Participants who contact the research team will 
be able to ask questions regarding the study and if indi-
viduals decide to proceed, they need to provide basic 
information about themselves (age, height, weight and 
diabetes duration) and complete the Physical Activ-
ity Readiness Questionnaire-Plus (PAR-Q+). Partici-
pants will answer verbally, and each conversation will 
be recorded. Then, if the participant meets the eligibil-
ity criteria, we will invite them to an additional meeting 
where the research team will describe in detailed the 
study, objectives and safety of the participants. During 
this meeting, the participants will have to give their writ-
ten approval for participation in the study. The complete 
graphical study design is shown in Fig. 2.

Participants/eligibility criteria
The following inclusion criteria will be applied: (a) 18–45 
year old participants (five males and five females) who 
have been diagnosed with T2DM at least 3 months prior 
to the start of the study according to standard criteria; 
(b) body mass index (BMI) between 25 and 35  kg/m2; 
(c) inactive participants according to the International 
Physical Activity Questionnaire (IPAQ) (< 150  min of 
moderate-intensity activities per week or < 75  min of 
vigorous-intensity activities per week or < 600 metabolic 
equivalent of task (MET) minutes per a week) [32]; (d) 
participants receiving medical therapy (no more than 
two medications) and not undergoing exogenous insu-
lin therapy; (e) participants free of injuries and without 
any contraindications to exercise or chronic diseases that 
might be disruptive with vigorous activity; and (f ) partic-
ipants who are stable on their current diabetes medica-
tions, with no recent changes in their treatment regimen. 
The following exclusion criteria will be applied: (a) par-
ticipants undergoing exogenous insulin therapy or/and 
receiving more than two glucose-lowering medicaments; 
(b) highly physically active participants according to 
IPAQ results (> 75  min per week of vigorous intensity 
activities achieving a minimum total physical activity at 
least 1500 MET minutes a week or ≥ 7 days of any combi-
nation of walking, moderate intensity or vigorous inten-
sity activities achieving a minimum total physical activity 
of at least 3000 MET minutes a week); (c) participants 
suffering from any of the additional chronic diseases 
(renal diseases, liver diseases, neuropathy, cardiovascular 
diseases, uncontrolled hypertension [SBP > 160  mm Hg 
and/or DBP > 90 mm Hg after at least a 5-minute seated 
rest at the screening visit], history of respiratory disease 
including pulmonary hypertension or chronic obstruc-
tive pulmonary disease, history of musculoskeletal or 
neurological disorders and other metabolic diseases) 
[15]; (d) a significant resting and/or exercise ECG abnor-
mality at the prescreening visit, which, in the opinion of 
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the cardiologist exposes the participant to risk by taking 
part in the main trial; (e) participants who are strictly 
prohibited by medical professionals from engaging in 
vigorous exercise.

Sample size calculation
To determine the required sample size, an a priori power 
analysis using G*Power software (G*Power, Version 3.1, 
Heinrich-Heine University Düsseldorf, Germany) was 
used considering a crossover design with three groups. 

Sample size estimates were based on previous stud-
ies [7, 15, 33] with a similar design and the same pri-
mary outcome (24– h mean blood glucose). Therefore, a 
sample size of 10 participants was deemed sufficient to 
detect a medium effect size (η² = 0.06–0.13) with a sta-
tistical power of 0.80 (β = 0.80) and an alpha level of 0.05 
(α = 0.05). This medium effect size on 24– h mean blood 
glucose concentration is further supported by findings 
from previous meta– analysis [34] and given that exercise 

Figure  1 Standard protocol items: recommendations for interventional trials (SPIRIT). Legend: HIIT - high-intensity interval; RPE - rate of perceived 
exertion
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has potent insulin-sensitizing and glucose-lowering 
effects in individuals with T2DM.

Randomization process
The randomization process will be performed through 
www.randomization.com. The order of the participants 
will be revealed upon of prescreening and baseline 
assessments.

Withdrawal, discontinuation, and stopping rules
Participants can withdraw from the research at any 
time without having to give reasons. However, it would 
be preferable to explain why because of the follow-up 
data. Participants can also withdraw before the start of 
the protocol if the cardiologist decides that performing 
intensive exercise based on ECG screening is dangerous. 
Finally, a doctor or the principal investigator may with-
draw participants at any time for health reasons and ter-
minate the exercise sessions.

Pre-experimental procedures
Prior to the experimental protocols, participants will be 
asked to come to the laboratory on four different days, 
according to their individual schedules. At the first visit, 
an ECG test will be performed to determine whether 
participants can take part in the study. The test will be 
conducted, monitored and reviewed by a cardiologist. 
Written consent will be required for further inclusion 
in the study. Moreover, during the first visit, a flash glu-
cose monitoring (fGM) device, FreeStyle, Libre 2 (Abbott 

Diabetes Care Inc, USA) will be inserted on the partici-
pant’s nondominant upper-arm (m. triceps) according 
to manual guidelines. The accuracy of the fGM devices 
will be validated using capillary vs. interstitial fGM mea-
surements. Capillary measurements (Accu-Check; Roche 
Diagnostics, Basel, Switzerland) will be taken by each 
participant before each main meal and before sleep. 
During the second visit, participants will be tested for 
anthropometric characteristics (i.e., body height and 
body composition) and will undergo a maximal incre-
mental test on cycle ergometer. Briefly, body height will 
be measured using a portable stadiometer (Seca 220; 
Seca Corporation, Hamburg, Germany) with a gradua-
tion of 0.1  m while body composition will be examined 
using an InBody 770 (InBody Co., Ltd., Cerritos, CA, 
USA). Body composition will be assessed in a fasted state 
and the testing will be conducted in the morning hours 
(from 8.00 a.m. to 10.00 a.m.). Following a light break-
fast, which will adhere to the guidelines outlined in the 
2008 American Diabetes Association (ADA) dietary rec-
ommendations for T2DM [35], the maximal incremen-
tal test on the cycle ergometer (Monark 894E Pike Bike, 
Sweden) will be conducted to assess maximal aerobic 
capacity at peak exercise (VO₂peak). Additionally, HR will 
be monitored continuously throughout the test using 
the Polar Team System H7 (Polar Electro Oy, Kempele, 
Finland), while HRmax will be utilized as a parameter to 
define the intensity of the exercise session which will 
not be performed in an all-effort manner. Participants 
will be also familiarized with wearing the HR monitors 

Figure 2 Graphical design of the study. Legend: HIIT - high-intensity interval training; HRmax– heart rate maximum; CON– control group;
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and using the RPE. Briefly, after a 5-minute warm-up at 
50 W, the intensity will be increased by 15 W/min until 
the tempo could no longer be maintained at 50 rpm. Car-
diorespiratory fitness will be measured using a portable 
gas analysis system (Quark b2, COSMED, Italy), VO2peak 
will be determined as the highest ten-breath rolling aver-
age and accepted if two or more of the following criteria 
were met: (1) voluntary exhaustion, (2) a plateau in VO2 
despite increasing intensity; (3) HRmax within 10 beats of 
the age-predicted maximum. This protocol has already 
been used in patients with T2DM [15]. During the third 
visit and fourth visit, participants will be invited to attend 
to familiarization sessions to establish their capacity 
to execute both experimental protocols at prescribed 
intensity.

Dietary standardization and glycemic control strategies
The diet will not be controlled, as the study will be based 
on participants’ everyday life habits. This study will 
exclusively focus on the effects of two “exercise snacking” 
modalities on acute glycemic responses. Furthermore, to 
minimize the risk of hypoglycemia, capillary blood glu-
cose levels will be measured before and after each exer-
cise session. Participants will consume carbohydrates 
(30 g of raisins or juice) if their blood glucose level prior 
to the session is < 5.6 mmol/L. However, if blood glu-
cose exceeds 13.9 mmol/L, the session will be canceled 
[8]. Furthermore, if the blood glucose level at the end of 
the session is < 3.9 mmol/L, participants will consume 
15 g of carbohydrates, and glucose levels will be checked 
again after 20 min. Finally, if blood glucose levels remain 
unchanged after 20  min, participants will consume an 
additional 15 g of carbohydrates [8].

Experimental interventions
 The HIIT protocol utilized in this study met the criteria 
of a Guideline for Reporting HIIT protocols (AGReHIIT) 
[36].

HIIT snacks
After a short-term warm-up on the cycle ergometer 
(5  min, the intensity will be determined by the partici-
pants themselves), short-term, intense bouts of cycling 
6 × 1  min at 90% HRmax with a minute of active break 
between bouts will be performed (at 50  W). Recovery 
will last 3 min, also at the self-paced intensity. The whole 
process will be repeated two more times during the day 
with intervals of 1–4 h. We will utilize the identical exer-
cise protocol implemented by Francois et al. [12].

 For the Sprint snacking (Ss) group training will con-
sist of three separate sprints on the cycle ergometer sep-
arated by 1–4  h. The Ss exercise bouts will consist of a 
2-minute warm-up followed by a 20-s sprint and then 
a 1-minute cooldown (three separate workout sessions 

each lasting 3  min and 20  s). The warm-up, cooldown, 
and recovery periods will all be performed at 50 W. Each 
sprint will be performed at a resistance of 0.21  N m/
kg and include a 10-s period when participants will be 
advised to accelerate the number of rpm as fast as pos-
sible. This study will replicate the protocol established by 
Little et al. [28].

Control (CON)
During CON, participants will come to the laboratory 
and remain sedentary throughout the entire period. 
Additionally, participants will be permitted to engage in 
reading or solving sudoku puzzles to minimize potential 
confounding stimuli that could influence blood glucose 
levels.

Primary outcomes
Glycemic control
Glycemic control will be assessed using the methodology 
described by Metcalfe et al. [15]. Glycemic parameters: 
The 24– h mean blood glucose (mmol/L), time spent in 
hyperglycemia (percent (%) of the day spent above 10 
mmol/L), incremental area under the curve (AUC) and 
glycemic variability will be monitored using fGM for 
each 24– h period (baseline day, exercise day, and day 
following exercise interventions). More precisely, time 
spent in hyperglycemia will be measured by the percent-
age time of the day spent above 10 mmol/L; AUC will 
be determined from the fGM data three hours following 
each main meal. AUC will be calculated using trapezoi-
dal model. Postprandial blood glucose will be defined as 
mean blood glucose levels measured 180 min after break-
fast, lunch and dinner (3 h– postprandial blood glucose). 
Finally glycemic variability will be determined by Excel 
Macro (Easy GV 9.0; available at  h t t p : / / w w w . e a s y g v . c o . u 
k     ) . The mean amplitude of glycemic excursions (MAGE) 
and standard deviation (SD) from the mean glucose [37] 
will be used for this purpose.

Secondary outcomes
Blood pressure
Both systolic (SBP) and diastolic blood pressure (DBP) 
will be measured before and after exercise sessions using 
an automated device (Omron HEM-7130®). Briefly, par-
ticipants will be in a seated position and the bracelet will 
be attached around the participant’s left arm, above the 
elbow, and in alignment with the brachial artery.

Rate of perceived exertion (RPE)
RPE will be examined using the Borg Scale (0–10 scale) 
with 1– being very light and 10 being– maximum effort 
[38]. The RPE will be examined before and after each 
exercise session during the main experimental period.

http://www.easygv.co.uk
http://www.easygv.co.uk
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Adverse events
Adverse events will be evaluated and classified into four 
different categories: (1) minor and temporary, (2) serious 
symptoms (potential risk of severe injury or life threat-
ening, 3) manifest injury or disease and 4) death. The 
adverse event rate will be calculated for each participant 
as the total number of sessions during which any adverse 
events occurred divided by the total number of attended 
sessions.

Mental health: exercise enjoyment
The Physical Activity Enjoyment Scale (PACES) will be 
used to determine the perceived enjoyment after each 
exercise session. The PACES is an 18-item physical 
activity/exercise enjoyment scale in which participants 
are asked to rate “how you feel at the moment about 
the physical activity/exercise you have been doing” on 
a 7-point bipolar Likert scale with a total score of 126. 
Higher scores indicate greater levels of exercise enjoy-
ment [39]. The PACES has been widely used in patients 
with T2DM [40, 41]. Exercise enjoyment will be assessed 
immediately after each exercise session during the main 
experimental period.

Mental health: positive and negative affect
Positive and negative affect will be measured using the 
Positive and Negative Affect Scale (PANAS). The PANAS 
consists of 20 items, with 10 items measuring posi-
tive affect and 10 items measuring negative affect on a 
5-point Likert scale (1 = not at all, 2 = a little, 3 = mod-
erately, 4 = quite a bit, 5 = extremely) [42]. Positive and 
negative items are summed separately and both items 
range from 10 to 50. The total score is calculated by 
their sum. Higher scores in any of the positive and nega-
tive scales indicate higher levels of positive or negative 
affect, respectively. PANAS has been already employed in 
patients with T2DM [43]. Affect will be assessed before 
and after each exercise session during the main experi-
mental period.

Statistical analysis
Statistical analysis will be performed using the IBM SPSS 
statistics program (version 26.0; Inc., Chicago, IL, USA). 
The mean ± standard deviation, Kolmogorov-Smirnov 
(normality of the distribution), and Levene’s (homogene-
ity of variance) tests will be determined for all outcome 
measures. Moreover, one-way repeated measures analy-
sis of variance (ANOVA) will be performed to compare 
trial effects, and Bonferroni pairwise comparisons will be 
performed if any differences are identified. Sphericity will 
be analyzed with Mauchly’s test of sphericity followed by 
the Greenhouse–Geisser adjustment where required. In 
accordance with previous study [44] ordinal scale data 
will be analyzed by parametric statistical analysis. The 

significance level will be set at p < 0.05. Finally, effect 
sizes will be calculated using partial eta squared (η2) and 
reported as follows: small 0.01–0.05, medium 0.06–0.13, 
and large > 0.14 [45].

Discussion and practical application
To the best of our knowledge, there are no comparative 
studies on patients diagnosed with T2DM. Therefore, 
we will conduct this study to determine the acute effects 
of two modalities of “exercise snacking’’ with different 
intensities and volumes with a particular emphasis on 
glycemic control. Moreover, this study will also exam-
ine blood pressure, individual responses to RPE, adverse 
events, exercise enjoyment and affect which is crucial for 
implementing protocols that contains intense exercise.

“Exercise snacking’’ is a relatively new exercise modal-
ity with a great potential among sedentary clinical 
population. The advantages of this form of exercise are 
demonstrated by the fact that the exercise can be con-
ducted outside of the laboratory without equipment and/
or supervision. Although “exercise snacking” can chroni-
cally affect cardiometabolic health [12, 28, 29], little is 
known about acute effects. Indeed, understanding the 
immediate impact of these short, high-intensity bouts on 
glycemic control is crucial for people with T2DM espe-
cially when taking into account that individuals with 
T2DM exhibit significant intraday fluctuations in glucose 
levels, raising concerns about the safety and feasibility of 
certain exercise interventions. Existing studies [12, 31, 
46] investigating acute effects of new developed modality 
of exercise on glycemic control are limited and have pro-
vided contradictory findings. More precisely, Rafiei et al. 
[46] showed that intense bouts consisted of 15–30 s stair 
“climbing snacks’’ once per hour are effective for lowering 
insulin across the day in overweight and obese individu-
als. These findings are congruent with work of Francois et 
al. [12] which found reduced postprandial blood glucose 
levels and subsequent 24– h mean blood glucose concen-
trations after two different “exercise snacking’’ modalities 
in individuals with insulin resistance. Conversely, Godkin 
et al. [31] that 3 × 1-minute bouts of stairs climbing did 
not affect changes in glycemic control (24– h mean blood 
glucose levels, postprandial blood glucose levels and time 
spent in hyperglycemia) among T2DM population. How-
ever, the different study designs, intervention characteris-
tics (i.e., activity, duration, and intensity) and populations 
assessed within studies make it difficult to compare the 
results between studies. Despite the limited and contra-
dictory findings regarding glycemic control, it is note-
worthy to highlight several mechanisms that may explain 
how “exercise snacking” has the potential to acutely 
improve glycemic control. Specifically, these mechanisms 
include increased muscle glycogen utilization and the 
activation of insulin-related signaling pathways within 
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skeletal muscle, which ultimately enhances insulin sensi-
tivity [47]. Furthermore, these short but intense exercise 
bouts can result in a 20–30% reduction in muscle glyco-
gen levels and contribute to a decrease in blood glucose 
and a reduction in insulin resistance [48]. To induce these 
significant changes, it is crucial for participants to main-
tain a high-intensity effort during the exercise, aligning 
with the principles of “exercise snacking’’[49]. Finally, 
brief but intense exercise bouts activate intracellular 
signaling pathways associated with the translocation of 
glucose transporter type 4 (GLUT4), including mitogen-
activated protein kinase (MAPK), AMP-activated protein 
kinase (AMPK), and calcium/calmodulin-dependent pro-
tein kinase II (CaMK II) [50]. These pathways collectively 
may contribute to the temporary hypoglycemic effects.

Furthermore, existing research on “exercise snack-
ing” has not investigated psychological and affective 
responses, especially within clinical population. These 
facts are supported by the work Islam et al. [25] which 
highlighted patient acceptance as a crucial factor for 
wider adoption of “exercise snacking” approach. To 
address this gap, our study will specifically examine these 
crucial psychological and affective aspects within a clini-
cal context, providing valuable insights into the feasibility 
of “exercise snacking’’. Thus, it is necessary to determine 
how the different exercise intensity, number of bouts 
and specific activity affect the intended effects. Finally, 
this study could provide a strong and promising clinical 
basis for the future use of “exercise snacking’’ modalities 
among patients with T2DM and prescribed guidelines. 
Additionally, it would be interesting to examine how 
these “exercise snacks’’ affect glycemic control before or/
and after meals and other cardiometabolic outcomes in 
sedentary patients with T2DM. Therefore, our results will 
lead to potential new questions and new ideas for ran-
domized and follow-up studies in patients with T2DM.

Abbreviations
T2DM  Type 2 diabetes mellitus
RPE  Rate of perceived excretion
HIIT  High intensity interval training
SIT  Sprint interval training
MICT  Moderate continuous training
VO2peak  Peak oxygen uptake
HR  Heart rate
HRmax  Maximal heart rate
BMI  Body mass index
Ss  Sprint snacks
fGM  Flash glucose monitoring system
PACES  The physical activity enjoyment scale
PANAS  Positive and negative affect scale
IPAQ  International physical activity questionnaire
PARQ+  Physical activity readiness questionnaire
SBP  Systolic blood pressure
DBP  Diastolic blood pressure

Supplementary Information
The online version contains supplementary material available at  h t t p s :   /  / d o  i .  o r  
g  /  1 0  . 1 1   8 6  / s 1 2  8 8 9 -  0 2 5 - 2  1 6 6 9 - 9.

Supplementary Material 1

Author contributions
G.K. and C.C.S. have conducted conceptualization and design of the protocol. 
A.L. and N.T. wrote the main manuscript text. G.D. and C.C.S. edited the 
manuscript. All authors read and approved the final manuscript.

Funding
This project has been supported by the Serbian Ministry of Education, 
Science and Technological Development. The funder had no role in the study 
design, data collection and analysis, decision to publish, or preparation of the 
manuscript.

Data availability
Data will be accessible upon request to the corresponding author.

Declarations

Ethics approval and consent to participate
This randomized controlled crossover study was approved by the Ethical 
Committee of the Faculty of Sport and Physical Education (ref. 04-1943/2; 
approval date: 5 December 2023), University of Niš and it will be conducted 
in accordance with the Declaration of Helsinki. Moreover, the study was 
registered on ClinicalTrials.gov (NCT06146036). Informed consent will be 
obtained from all participants and/or their legal guardian(s).

Consent for publication
Written informed consent will obtained from the participants for publication 
of their individual details. The document is available upon request to the 
corresponding author.

Competing interests
The authors declare no potential conflicts of interest with respect to the 
research, authorship, and/or publication of this article.

Received: 9 April 2024 / Accepted: 28 January 2025

References
1. Zheng Y, Ley SH, Hu FB Global aetiology and epidemiology of type 2 diabetes 

mellitus and its complications. Nat Rev Endocrinol 14(2):2018;88–98
2. Monnier L, Colette C Postprandial and basal hyperglycaemia in type 2 dia-

betes: contributions to overall glucose exposure and diabetic complications. 
Diab Metab 2015;41(6):6S9–6S15

3. van Dijk J-W, Manders RJ, Hartgens F, Stehouwer CD, Praet SF, van Loon LJ 
Postprandial hyperglycemia is highly prevalent throughout the day in type 2 
diabetes patients. Diabetes Res Clin Pract 2011;93(1):31–37

4. Way KL, Hackett DA, Baker MK, Johnson NA The Effect of Regular Exercise on 
Insulin Sensitivity in Type 2 Diabetes Mellitus: A Systematic Review and Meta-
Analysis. Diabetes Metab J 2016;40(4):253–271

5. Batrakoulis A, Jamurtas AZ, Fatouros IG Exercise and type II diabetes mellitus: 
A brief guide for exercise professionals. Strength Cond J 2022;44(6):64–72

6. Schneider SH, Amorosa LF, Khachadurian AK, Ruderman NB Studies on the 
mechanism of improved glucose control during regular exercise in type 2 
(non-insulin-dependent) diabetes. Diabetologia 1984;26(5):355–360

7. Van Dijk J-W, Manders RJ, Canfora EE, Van Mechelen W, Hartgens F, Stehouwer 
CD, Van Loon LJ Exercise and 24-h glycemic control: equal effects for all type 
2 diabetes patients? Med Sci Sports Exerc 2013;45(4):628–635

8. Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, 
Horton ES, Castorino K, Tate DF Physical Activity/Exercise and Diabetes: A 
Position Statement of the American Diabetes Association. Diabetes Care 
2016;39(11):2065–2079

https://doi.org/10.1186/s12889-025-21669-9
https://doi.org/10.1186/s12889-025-21669-9


Page 9 of 9Lazić et al. BMC Public Health          (2025) 25:566 

9. Koopman R, Manders RJ, Zorenc AH, Hul GB, Kuipers H, Keizer HA, van Loon 
LJ A single session of resistance exercise enhances insulin sensitivity for at 
least 24 h in healthy men. Eur J Appl Physiol 2005;94:180–187

10. Larsen JJ, Dela F, Kjaer M, Galbo H The effect of moderate exercise on 
postprandial glucose homeostasis in NIDDM patients. Diabetologia 
1997;40(4):447–453

11. Ivy JL, Holloszy Persistent increase in glucose uptake by rat skeletal muscle 
following exercise. Am J Physiol JO 1981;241(5):C200–203

12. Francois ME, Baldi JC, Manning PJ, Lucas SJ, Hawley JA, Williams MJ, Cotter JD 
Exercise snacks’ before meals: a novel strategy to improve glycaemic control 
in individuals with insulin resistance. Diabetologia 2014;57(7):1437–1445

13. Grace A, Chan E, Giallauria F, Graham PL, Smart NA Clinical outcomes and 
glycaemic responses to different aerobic exercise training intensities in 
type II diabetes: a systematic review and meta-analysis. Cardiovasc Diabetol 
2017;16(1):37

14. Korkiakangas EE, Alahuhta MA, Laitinen JH Barriers to regular exercise among 
adults at high risk or diagnosed with type 2 diabetes: a systematic review. 
Health Promot Int 2009;24(4):416–427

15. Metcalfe RS, Fitzpatrick B, Fitzpatrick S, McDermott G, Brick N, McClean C, 
Davison GW Extremely short duration interval exercise improves 24-h glycae-
mia in men with type 2 diabetes. Eur J Appl Physiol 2018;118(12):2551–2562

16. Batrakoulis A, Jamurtas AZ, Fatouros IG High-intensity interval train-
ing in metabolic diseases: physiological adaptations. ACSMs Health Fit J 
2021;25(5):54–59

17. Terada T, Wilson BJ, Myette-Cote E, Kuzik N, Bell GJ, McCargar LJ, Boule 
NG Targeting specific interstitial glycemic parameters with high-intensity 
interval exercise and fasted-state exercise in type 2 diabetes. Metabolism 
2016;65(5):599–608

18. Little JP, Gillen JB, Percival ME, Safdar A, Tarnopolsky MA, Punthakee 
Z, Jung ME, Gibala MJ Low-volume high-intensity interval training 
reduces hyperglycemia and increases muscle mitochondrial capacity in 
patients with type 2 diabetes. Journal of applied physiology (Bethesda, Md: 
2011,1985;111(6):1554–1560

19. Gillen JB, Little JP, Punthakee Z, Tarnopolsky MA, Riddell MC, Gibala MJ Acute 
high-intensity interval exercise reduces the postprandial glucose response 
and prevalence of hyperglycaemia in patients with type 2 diabetes. Diabetes 
Obes Metab 2012;14(6):575–577

20. Hardcastle SJ, Ray H, Beale L, Hagger MSJF Why sprint interval training is 
inappropriate for a largely sedentary population. In. Frontiers Media SA; 
2014;5;1505

21. Reynolds AN, Mann JI, Williams S, Venn BJ Advice to walk after meals is more 
effective for lowering postprandial glycaemia in type 2 diabetes mellitus than 
advice that does not specify timing: a randomised crossover study. Diabeto-
logia 2016;59:2572–2578

22. Pahra D, Sharma N, Ghai S, Hajela A, Bhansali S, Bhansali A Impact of post-
meal and one-time daily exercise in patient with type 2 diabetes mellitus: a 
randomized crossover study. Diabetol Metab Syndr 2017;9:64

23. Zhang X, Zheng C, Ho RS, Miyashita M, Wong SHS The effects of accumu-
lated versus continuous exercise on postprandial glycemia, insulin, and 
triglycerides in adults with or without diabetes: A systematic review and 
meta-analysis. Sports Medicine-Open 2022;8(1):14

24. Alvarez C, Ramirez-Campillo R, Martinez-Salazar C, Mancilla R, Flores-Opazo 
M, Cano-Montoya J, Ciolac E Low-volume high-intensity interval training as a 
therapy for type 2 diabetes. Int J Sports Med 2016;37(09):723–729

25. Islam H, Gibala MJ, Little JP Exercise Snacks: A Novel Strategy to Improve 
Cardiometabolic Health. Exerc Sport Sci Rev 2022;50(1):31–37

26. Stork MJ, Marcotte-Chénard A, Jung ME, Little JP Exercise in the workplace: 
examining the receptivity of practical and time-efficient stair-climbing exer-
cise snacks. Appl Physiol Nutr Metab 2023;49(1):30–40

27. Perkin OJ, McGuigan PM, Stokes KA Exercise Snacking to Improve Muscle 
Function in Healthy Older Adults: A Pilot Study. J Aging Res 2019(1):7516939

28. Little JP, Langley J, Lee M, Myette-Cote E, Jackson G, Durrer C, Gibala MJ, Jung 
ME Sprint exercise snacks: a novel approach to increase aerobic fitness. Eur J 
Appl Physiol 2019;119(5):1203–1212

29. Hasan R, Perez-Santiago D, Churilla JR, Montes B, Hossain J, Mauras N, 
Darmaun D Can short bouts of exercise (exercise snacks) improve body 
composition in adolescents with type 1 diabetes? A feasibility study. Horm 
Res Paediatr 2020;92(4):245–253

30. Stamatakis E, Ahmadi MN, Gill JMR, Thogersen-Ntoumani C, Gibala MJ, 
Doherty A, Hamer M Association of wearable device-measured vigor-
ous intermittent lifestyle physical activity with mortality. Nat Med 
2022;28(12):2521–2529

31. Godkin FE, Jenkins EM, Little JP, Nazarali Z, Percival ME, Gibala MJ The effect 
of brief intermittent stair climbing on glycemic control in people with type 
2 diabetes: a pilot study. Applied physiology, nutrition, and metabolism = Physi-
ologie appliquee, nutrition et metabolisme 2018;43(9):969–972

32. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, 
Pratt M, Ekelund U, Yngve A, Sallis JF et al International physical activity 
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc 
2003;35(8):1381–1395

33. Manders RJ, Van Dijk JW, van Loon LJ Low-intensity exercise reduces the 
prevalence of hyperglycemia in type 2 diabetes. Med Sci Sports Exerc 
2010;42(2):219–225

34. Munan M, Oliveira CLP, Marcotte-Chenard A, Rees JL, Prado CM, Riesco E, 
Boule NG Acute and Chronic Effects of Exercise on Continuous Glucose 
Monitoring Outcomes in Type 2 Diabetes: A Meta-Analysis. Front Endocrinol 
(Lausanne) 2020;11:495

35. American Diabetes A, Bantle JP, Wylie-Rosett J, Albright AL, Apovian CM, Clark 
NG, Franz MJ, Hoogwerf BJ, Lichtenstein AH, Mayer-Davis E et al Nutrition 
recommendations and interventions for diabetes: a position statement of the 
American Diabetes Association. Diabetes Care 2008;31(Suppl 1):S61–78

36. Cadenas-Sanchez C, Fernandez-Rodriguez R, Martinez-Vizcaino V, de Los 
Reyes Gonzalez N, Lavie CJ, Galan-Mercant A, Jimenez-Pavon D A systematic 
review and cluster analysis approach of 103 studies of high-intensity interval 
training on cardiorespiratory fitness. Eur J Prev Cardiol: zwad 2023;309

37. Rodbard DJDt, therapeutics: Glycemic variability: measurement and utility 
in clinical medicine and research—one viewpoint. In., vol. 13: Mary Ann 
Liebert, Inc. 140 Huguenot Street, 3rd Floor New Rochelle, NY 10801 USA;: 
2011;1077–1080

38. Borg GA Psychophysical bases of perceived exertion. Med Sci Sports Exerc 
1982;14(5):377–381

39. Kendzierski D, DeCarlo KJ Physical activity enjoyment scale: Two validation 
studies. J Sport Exerc Psychol 1991;13(1)

40. Atef H, Muka T, Abd El-Hameed AA Cardiometabolic and perceptual 
responses to different forms of interval training in patients with type 2 diabe-
tes. Ger J Exerc Sport Res 2023;53(2):180–186

41. Santos A, Stork MJ, Locke SR, Jung ME Psychological responses to HIIT and 
MICT over a 2-week progressive randomized trial among individuals at risk of 
type 2 diabetes. J Sports Sci 2021;39(2):170–182

42. Watson D, Clark LA, Tellegen A Development and validation of brief mea-
sures of positive and negative affect: the PANAS scales. J Pers Soc Psychol 
1988;54(6):1063–1070

43. Huffman JC, Golden J, Massey CN, Feig EH, Chung W-J, Millstein RA, Brown 
L, Gianangelo T, Healy BC, Wexler DJ A positive psychology–motivational 
interviewing intervention to promote positive affect and physical activity 
in type 2 diabetes: the BEHOLD-8 controlled clinical trial. Psychosom Med 
2020;82(7):641

44. Bishop PA, Herron RL Use and Misuse of the Likert Item Responses and Other 
Ordinal Measures. Int J Exerc Sci 2015;8(3):297–302

45. Cohen J Statistical power analysis for the behavioral sciences. Academic 2013
46. Rafiei H, Omidian K, Myette-Cote E, Little JP Metabolic Effect of Breaking Up 

Prolonged Sitting with Stair Climbing Exercise Snacks. Med Sci Sports Exerc 
2021;53(1):150–158

47. Cochran AJ, Percival ME, Tricarico S, Little JP, Cermak N, Gillen JB, Tarnopolsky 
MA, Gibala MJ Intermittent and continuous high-intensity exercise training 
induce similar acute but different chronic muscle adaptations. Exp Physiol 
2014;99(5):782–791

48. Jensen J, Rustad PI, Kolnes AJ, Lai YC The role of skeletal muscle glycogen 
breakdown for regulation of insulin sensitivity by exercise. Front Physiol 
2011;2:112

49. Gibala MJ, Little JP Physiological basis of brief vigorous exercise to improve 
health. J Physiol 2020;598(1):61–69

50. Islam H, Gillen JB Skeletal muscle mechanisms contributing to improved 
glycemic control following intense interval exercise and training. Sports Med 
Health Sci 2023;5(1):20–28

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Acute effects of different “exercise snacking’’ modalities on glycemic control in patients with type 2 diabetes mellitus (T2DM): study protocol for a randomized controlled trial
	Abstract
	Background
	Methods
	Ethical approval
	Study design and procedures
	Initial recruitment
	Participants/eligibility criteria
	Sample size calculation
	Randomization process
	Withdrawal, discontinuation, and stopping rules
	Pre-experimental procedures
	Dietary standardization and glycemic control strategies
	Experimental interventions
	HIIT snacks
	Control (CON)
	Primary outcomes
	Glycemic control


	Secondary outcomes
	Blood pressure
	Rate of perceived exertion (RPE)
	Adverse events
	Mental health: exercise enjoyment
	Mental health: positive and negative affect

	Statistical analysis
	Discussion and practical application
	References


