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THE ROLE OF INTER-SET REST PERIODS IN
HIGH-INTENSITY INTERVAL TRAINING ON
ACUTE GLUCOSE AND INSULIN SENSITIVITY IN
TYPE | DIABETIC CHILDREN: A RANDOMIZED
CROSSOVER STUDY

Abstract

Aims: To investigate the impact of different inter-set rest periods on blood glucose levels
and insulin sensitivity (IS) in children with type 1 diabetes.

Study Design: An experimental randomized crossover trial.

Place and Duration: Recruitment took place in the public health network of Rio Branco,
Acre, Brazil.

Methodology: Twenty subjects participated in three different HIIT protocols with varying
rest intervals. The first protocol consisted of 20 seconds of exercise followed by 10 seconds
of rest (HIIT20-10), the second with 20 seconds of rest (HIIT20-20), and the third with 60
seconds of rest (HIIT20-60). The exercise used in all protocols was the burpee, performed
at maximum effort for a total of 12 minutes, comprising 24 sets. Blood glucose levels were
measured through finger-prick tests before exercise, immediately after, and at 15, 30, 60,
and 120 minutes post-exercise. For insulin sensitivity, 4 ml of venous blood was drawn
before, immediately after, and at 30, 60, and 120 minutes post-exercise, and the TyG Index
was used to calculate IS.

Results: No significant differences were observed between the HIIT20-20 and HIIT20-60
groups (p>0.05) regarding glucose levels. However, the HIIT20-10 protocol showed
significantly lower glucose levels from 15 minutes to 120 minutes post-exercise (p<0.05)
and improved IS at 60 minutes (p<0.05) and 120 minutes (p<0.01) after the exercise
session.

Conclusion: The inter-set rest period influences glucose metabolism during HIIT in children
with type 1 diabetes.

Key Words:Metabolic, Health, .Glucose Metabolism, Type | Diabetes, High-Intensity Interval
Training, Insulin Sensitivity



1. Introduction

Type 1 diabetes (T1D) is a chronic autoimmune disease that destroys the insulin-producing f3-
cells of the pancreas, leading to insulin deficiency. This condition is a significant public health
concern worldwide due to its silent progression and associated complications[1].T1D is often
accompanied by metabolic disorders, including insulin resistance and central fat accumulation,
which are predictive factors for cardiovascular disease[2].

Consistent evidence shows that a sedentary lifestyle is linked to metabolic impairments, while
physical exercise can prevent or reverse these effects[3]. Exercise has been shown to improve
the body's systemic responses to various nutrients, including glucose[4]. Specifically, physical
activity is recognized for its positive effects on metabolic diseases such as diabetes[5-7].In
contrast, a sedentary lifestyle is associated with the development and worsening of conditions
like diabetes[1].

Our research group has demonstrated that high-intensity interval training (HUT) is an. effective
tool for combating metabolic diseases in both young and older adults with diabetes or metabolic
syndrome[8].HIIT-based programs offer non-pharmacological benefits «<in treating insulin
resistance (IR) and diabetes[9], particularly through the use of HIIT[10].

In 2017, the American Diabetes Association recommended 30-60 minutes of:moderate-intensity
exercise for children and adolescents with T1D[11]. However, the optimal exercise guidelines
for improving both acute and long-term glycemic control, in youth with  T1D are still unclear.
Previous studies have shown that fasted HIIT is safe[12]and can consistently increase blood
glucose levels during exercise. Intense interval exercise'is often linked to higher blood glucose
profiles and a lower risk of hypoglycemia during exercise compared to continuous exercise[13].
These findings are largely due to increased counter-regulatory hormone secretion, which
enhances hepatic glucose production andireduces peripheral glucose disposal[14,15].

In healthy adolescents, a single bout. of time-efficient HIIT improves glucose tolerance and
insulin sensitivity, suggesting HIIT as.a viable strategy for managing glycemic control in youth
with T1D[12,14].However, the relationship. between exercise stimulus, rest periods, total
exercise volume, and intensity-key variables in exercise prescriptionhas not been thoroughly
investigated[8],This results in:inconsistent evidence supporting the optimal HIIT dosage for
improving glycemic control'in children with T1D.

This study's findings are particularly significant for the scientific community as they provide
insights into how different HIIT protocols may manage glucose levels in children with type 1
diabetes. Given the increasing prevalence of diabetes in children, understanding the effects of
various exercise regimens on metabolic health is crucial. We hypothesize that exercise induces
positive acute-adaptations in glucose metabolism and insulin resistance. Thus, we aimed to
investigate the impact of different interest rest on blood glucose levels, and insulin sensitivity

(1S).
2. Methods

2.1 Study type, participants and ethic

This study employed a randomized crossover design with blinding during the selection process to
minimize bias. Children with type 1 diabetes were selected based on specific inclusion criteria, such

as a medical history free of cardiovascular complications and no limitations on physical exercise.

Participants: During the initial week of the experiment, 20 children (age: 12.8+2.1 years, weight:
60.4+16.8 kg, height: 145+22.35 cm, BMI: 28.7+14.8 kg/m2) were randomly assigned to different
intervention groups using a 1:1:1:1 ratio. Over the course of the study, each group was reassigned to
different interventions weekly, following a randomized sequence. A 6-day washout period between
interventions was implemented to mitigate the influence of prior exercise sessions. Figure 1

illustrates the crossover method utilized in this study.
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Interventions: Three HIIT protocols with varying rest intervals were tested:
HIIT20-10: 20 seconds of exercise followed by 10 seconds of rest.

HIIT20-20: 20 seconds of exercise followed by 20 seconds of rest.
HIIT20-60: 20 seconds of exercise followed by 60 seconds of rest.

Control Group gg HIIT (20-10)

HIIT (20-10) @™ H||T (20-20)

HIIT (20-20) G HIIT (20-60) HIIT (20-60) [ed Control Group
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Figure 1: The crossover method used to insertithe groups into different intervention each week.

All protocols involved performing ‘burpees at 90% or higher of maximum heart rate, monitored
using a G-Tech (Model ONE) finger oximeter. Each session lasted 12 minutes, consisting of 24
sets of exercises.Participantsfollowed a standardized warm-up routine, including stretching and
light gymnastics for 5 minutes, followed by the main workout, and ended with a 5-minute cool-
down.

2.2 Basic Proceedings

Blood samples were collected at eight time points: baseline (before the intervention),
immediately ‘after'the session, and at 5, 15, 30, 60, 90, and 120 minutes post-exercise. Each
blood sample was:processed twice independently, yielding four measurements per participant.
Discrepant results were excluded, and the average of consistent measurements was calculated.

2.3 Exercise protocols

Three models of high-intensity interval training (HIIT) programs were evaluated to address our
problem. All protocols maintained an intensity level at 90% of maximum heart rate, monitored
using a G-Tech (Model ONE) finger oximeter. The first protocol, HIIT20-10, consisted of 20
seconds of exercise followed by 10 seconds of rest. The second protocol, HIIT20-20, involved
20 seconds of exercise followed by 20 seconds of rest. The third protocol, HIIT20-60, comprised
20 seconds of exercise followed by 60 seconds of rest. The exercise performed was the burpee,
completed over a total duration of 12 minutes, resulting in 24 sets of stimuli. All exercises were
performed without equipment, relying solely on body weight.

To perform a burpee, start by standing with your feet shoulder-width apart and your arms at your
sides. Lower your body into a squat position, placing your hands on the floor in front of you, just
inside your feet. With your weight on your hands, kick your feet back to land in a plank position,
keeping your body in a straight line from head to heels. You can add an optional push-up at this
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stage by lowering your chest to the ground and then pushing back up to the plank position.
Jump your feet forward to return to the squat position, with your hands still on the ground.
Finally, explode up from the squat position into a jump, reaching your arms overhead. Land
softly and immediately lower back into the squat position to begin the next repetition.

Do a standardized 5-minute gentle warm-up including stretching and gymnastics for 5 minutes
each day. This is followed by the main workout, and finally, a 5-minute cool down was
performed to promote cool down.

2.4 Blood Sampling Acquisition and Glucose Measurement

A finger blood samples were collected at eight time points: baseline (before the intervention),
immediately after the session, and at 5, 15, 30-, 60-, 90-, and 120-minutes post-exercise. Each
blood sample was processed twice independently, yielding four measurements per participant.
Discrepant results were excluded, and the average of consistent measurements was calculated.

For glucose curve assessment, blood glucose levels were measured using “a glucometer
(ROCHE, Accutrend Plus) at each time point. Additionally, 4 ml of venous blood was,drawn at
baseline, 60 minutes, and 120 minutes after the intervention to determine serum triglyceride
concentrations.

2.5 Insulin Resistance Assessment

The TyG index, calculated as the product of serum triglyceride concentration and fasting blood
glucose, was used to assess insulin resistance. The TyGiindex is a cost-effective and clinically
applicable method, with a cut-off point of 4.5, as suggested by Guerrero-Romero et al.[16].

Try.x Glu
3—-TyG ={7ry2 )

Equation 1:TyG Index. 3= Tyg Index, Try= Tryglicerides, Glu= Glucose.
2.6 Statistical Procedures

Descriptive data were expressed as-mean, percentage, and standard error. The Shapiro-Wilk
test was used to assess data normality. A two-way ANOVA with Sidak's post hoc test was
employed to determine differences between groups, using the "GraphPad Prism 9.5.1"
software. A significance level of p <10.05 was set for all analyses.

3. Results

The anthropometric characteristics of the participants, including BMI and body fat percentage,
were comparable:.acroess all groups (p > 0.05 for all). Analyzing the intragroup data, no
significant differences were observed in glucose control and insulin sensitivity (IS) between the
HIIT20-60 and the other protocols (p > 0.05 for both). However, the HIIT20-20 protocol showed
significant differences at 30, 60, 90, and 120 minutes compared to 15 minutes post-exercise (p
< 0.05, 0.05; 0.01, and 0.01, respectively). Notably, the HIIT20-10 protocol resulted in lower
glucose levels at 30, 60, 90, and 120 minutes and improved IS when comparing baseline, time
0, 5, and 15 minutes with 120 minutes post-exercise (p < 0.05, 0.05, 0.01, and 0.0001,
respectively), as well as 15 with 60 minutes post-exercise.
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Figure 2: Blood Glucose levels and Insulin Sensitivity. The Figure A represent the blood
glucose concentration along the time of investigation; Figure B the Area Under the:.Cutve of the
Glucose, and C is the Insulin Sensitivity. The ANOVA TWO WAY with SidékPos-Hoc Test set up

at 5% was used to determine the differences between groups. Legend: (a,b="difference to

baseline, 5 minutes, and 15 minutes, and c= difference to HIIT20-60.and control).

Discussion

This study aimed to investigate the effects .of three different rest intervals in high-intensity
interval training (HIIT) on acute blood glucose levels and insulin sensitivity. We found that
shorter rest intervals significantly impacted the body's acute adaptations to exercise, leading to
greater metabolic perturbations and a more pronounced glucose response. Specifically, shorter
rest periods led to a peak in glucose levels. at 15 minutes, often coinciding with a high
concentration of insulin in response:to the glucose surge. Subsequently, blood glucose levels
decreased at 30, 60, 90, and 120 minutes, demonstrating the expected metabolic curve.
Additionally, the reduction in glucose concentration during HIIT contributed to improved insulin
sensitivity.

Although the area under the glucose.curve did not differ significantly between the HIIT20-10 and
control groups, the HIIT20-10 protocol exhibited a more substantial decrease in glucose levels,
which likely aceounts for the observed improvement in insulin sensitivity. These findings align
with previous.studies showing that HIIT can significantly impact blood glucose levels and insulin
resistance. For example, De Teles et al.[17], investigated two HIIT protocols and reported
reductions in:blood glucose levels, which are consistent with our results[18].

In terms of,.comparison De teles[19] investigated two HIIT protocols: a long HIIT (2 minutes at
100% VO2peak followed by 2 minutes of passive rest) and a short HIIT (30 seconds at 100%
VO2peak followed by 30 seconds of passive rest). They reported reductions in blood glucose
levels of 32.14 mg/dL and 31.40 mg/dL for the long and short HIIT protocols, respectively. These
findings are consistent with our results, which showed reductions of 12.35, 21.35, 23.79, and
29.4 mg/dL at 30, 60, 90, and 120 minutes after the exercise session, respectively.

Despite the clinical relevance of these findings, there is no consensus on the optimal
combination of parameters for designing exercise programs for individuals with metabolic
disorders. However, our study highlighted the importance of carefully planning rest intervals
between each stimulus [20,21]. Our study highlights the importance of carefully planning rest
intervals within HIIT protocols, as they significantly influence the metabolic and physiological
outcomes. Longer rest periods may allow for higher exercise overload, while shorter rest
periods may induce greater metabolic stress, impacting glucose metabolism and insulin
sensitivity. This is important because when performing exercises with increased overload, the
rest period needs to be adjusted to maintain the exercise, focusing the stimulus more on the
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muscular system. Conversely, shorter rest periods suggest less overload but impact the
metabolism, as many myokines are overexpressed in this exercise approach [22,23].

Interleukin-6 (IL-6), a cytokine often elevated during high-intensity exercise, may play a role in
the metabolic adaptations observed in this study. IL-6 is known to regulate the expression of
glucagon-like peptide 1 (GLP-1), which has been shown to improve glucose control in diabetic
models [24]. Ellingsgaard et al., (2011), demonstrated that high-intensity exercise induces the
overexpression of IL-6, which upregulates GLP-1 in L cells and alpha cells, leading to improved
glucose control in diabetic mice. Therefore, we suggest that the overexpression of IL-6 during
HIIT may contribute to the improved glucose and insulin sensitivity observed in our participants.

What does this article add and practical implications?

This study highlights the potential of high-intensity interval training (HIIT) to acutely improve
glycemic control, making it a valuable exercise option for individuals looking to'manage their
blood glucose levels more effectively. The findings suggest that shorter rest.intervals in HIT
protocols may enhance insulin sensitivity and reduce blood glucose concentrations more
significantly. These insights can assist fithess professionals and healthcare. providers in
designing more effective exercise programs for individuals with or at risk of metabolic diseases
such as diabetes. Incorporating HIIT into regular exercise routines could provide a time-efficient
and effective strategy for improving overall metabolic health. Future research should explore the
role of IL-6 and other biomarkers in optimizing HIIT protocols further.

Conclusion

The manipulation of the inter-set rest period is crucial in promoting different metabolic
responses. Shorter recovery durations-appear to affect metabolism more profoundly than longer
recovery periods, leading to a more significant acute.impact on blood glucose levels and insulin
sensitivity in children with T1D. However; these findings should be interpreted with caution. The
combination of HIIT protocols, medication, and.insulin therapy requires close monitoring due to
the potential risk of inducing a hypoglycemic state, which could be dangerous.

Disclaimer of artificialintelligence

The authors hereby declare that generative Al technology, CHAT GPT 4.0, was used for editing
the English language of the manuscript. The request was solely to correct spelling, punctuation,
and grammar, without alteringy adding, omitting information or data, or changing the meaning of
the text.

Acknowledgements

The authors would like to thank to all participants, to SESI, and to Convivence Older Center in
Porto Velho, Rondbnia, Brazil.

Competing interests
Authors have declared that no competing interests exist.
Authors’ contributions

The authors JRV-S performed all steps of this manuscript. The all authors performed the
administrative tasks as supervision, control visualization and participated in the first wrote
version of this manuscript. JRV-S performed all stages, data curation and treatment, written alll
versions and did all corrections, additionally, was the laboratorial supervisor. Both did the final
version and JRV-S did the submission.

Ethical approval and Consent



248
249
250
251
252

253
254
255
256
257
258
259

260
261
262

263
264
265

266
267
268
269
270

271
272

273
274
275
276
277

278
279
280
281
282

283
284
285
286
287

288
289
290
291

292
293
294

The study adhered to all mandatory ethical requirements as per the Brazilian National Health Council
Ethics Law 466/2012 and received approval from the Ethics Committee of the Federal University of
Rondénia (approval report number 2066823). All participants and their parents signed informed
consent forms after being informed of the study's risks, benefits, and procedures. Participation was
voluntary, and subjects could withdraw at any time without any penalties.

References
1. Garcia-Hermoso, A.; Ezzatvar, Y.; Huerta-Uribe, N.; Alonso-Martinez,
A.M.; Chueca-Guindulain, M.J.; Berrade-Zubiri, S.; Izquierdo, M.; Ramirez-
Vélez, R. Effects of Exercise Training on Glycaemic Control in Youths with Type
1 Diabetes: A Systematic Review and Meta-Analysis of Randomised Controlled
Trials. Eur J Sport Sci 2023, 23, 1056-1067.

2. Gurka, M.J.; Guo, Y.; Filipp, S.L.; Deboer, M.D. Metabolic Syndrome
Severity Is Significantly Associated with Future Coronary Heart Disease.in Type
2 Diabetes. CardiovascDiabetol2018, 1-9, d0i:10.1186/s12933-017-064/-y.

3. Stanford, K.l.; Goodyear, L.J. Exercise and Type.2 Diabetes: Molecular
Mechanisms Regulating Glucose Uptake in Skeletal Muscle.
AdvPhysiolEduc2014, doi:10.1152/advan.00080.2014.

4, Ahmad, A.M.; Mahmoud, A.M.; Serry, Z.H.; Mohamed, M.M.;
AbdElghaffar, H.A. Effects of Low-versus High+=Volume High-Intensity Interval
Training on Glycemic Control and Quality of Life in Obese Women with Type 2
Diabetes. A Randomized Controlled Trial. J ExercSci:Fit2023, 21, 395,
doi:10.1016/J.JESF.2023.08.003.

5. Suzuki, K. Chronic Inflammation as an‘lmmunological Abnormality and
Effectiveness of Exercise. Biomolecules2019, doi:10.3390/biom9060223.

6. Ramos, J.S.; Dalleck, L.C.; Keith, C.E.; Fennell, M.; Lee, Z.; Drummond,
C.; Keating, S.E.; Fassett,:R.G.; Coombes, J.S. Optimizing the Interaction of
Exercise Volume and Metformin to Induce a Clinically Significant Reduction in
Metabolic Syndrome Severity: A Randomised Trial. Int J Environ Res Public
Health2020, doi:10.3390/ijerph17103695.

7. Da Silva, M.A.R.; Baptista, L.C.; Neves, R.S.; De Franca, E.; Loureiro,
H.; Lira, RS.; Caperuto, E.C.; Verissimo, M.T.; Martins, R.A. The Effects of
Concurrent Training Combining Both Resistance Exercise and High-Intensity
Interval Training or Moderate-Intensity Continuous Training on Metabolic
Syndrome. Front Physiol2020, 11, 1-10, doi:10.3389/fphys.2020.00572.

8. Portela, P.F. de M.; Neto, V.G.C.; Monteiro, E.R.; Santos da Silva, R.; da
Silva, V.F.; Nogueira, C.J.; Schutz, S.; Scudese, E.; Salvino, A.K.S.; Valentim-
Silva, J.R. HIIT Is Most Effective than Mict on Glycemic Control of Older People
with Glucose Metabolism Impairments: A Systematic Review and Metanalysis.
Prim Care Diabetes 2023, 17.

9. Sun, S.; Zhang, H.; Kong, Z.; Shi, Q.; Tong, T.K.; Nie, J. Twelve Weeks
of Low Volume Sprint Interval Training Improves Cardio-Metabolic Health
Outcomes in Overweight Females. J Sports Sci2019,
doi:10.1080/02640414.2018.1554615.

10. Junior, A.L.A.L.; da Silva, J.M.J.M.; da Silva, V.F.V.F.; Castro,
A.C.M.A.C.M.; de Freitas, R.E.R.E.; Cavalcante, J.B.J.B.; Dos Santos,
K.M.K.M.; Albuquerque, A.P.A.A.P.A.; Brandao, P.P.P.P.; Bello, M.N.D.M. de



295
296
297
298

299
300
301
302

303
304
305
306

307
308
309

310
311
312
313

314
315
316
317
318

319
320
321
322
323
324

325
326
327
328
329

330
331
332
333

334
335
336
337

338
339
340

N.D.; et al. Multimodal HIIT Is More Efficient than Moderate Continuous Training
for Management of Body Composition, Lipid Profile and Glucose Metabolism in
the Diabetic Elderly. Int. J. Morphol2020, 38, 392-399, do0i:10.4067/S0717-
95022020000200392.

11. Cockecroft, E.J.; Moudiotis, C.; Kitchen, J.; Bond, B.; Williams, C.A.;
Barker, A.R. High-Intensity Interval Exercise and Glycemic Control in
Adolescents with Type One Diabetes Mellitus: A Case Study. Physiol Rep2017,
5, d0i:10.14814/phy2.13339.

12. Yardley, J.E. Fasting May Alter Blood Glucose Responses to High-
Intensity Interval Exercise in Adults With Type 1 Diabetes: A Randomized, Acute
Crossover Study. Can J Diabetes2020, 44, 727-733,
doi:10.1016/j.jcjd.2020.09.007.

13. Dubl, M.C.; Lavoie, C.; John Weisnagel, S. Glucose or. Intermittent High-
Intensity Exercise in Glargine/Glulisine Users with TLDM. Med Sci. Sports
Exerc2013, 45, 3-7, d0i:10.1249/MSS.0b013e31826c6ad3.

14. Riddell, M.C.; Pooni, R.; Yavelberg, L.; Li, Z.; Kollman, C.; Brown, R.E.;
Li, A.; Aronson, R. Reproducibility in the Cardiometabolic' Responses to High-
Intensity Interval Exercise in Adults with Type 1 Diabetes:Diabetes Res
ClinPract2019, 148, 137-143, doi:10.1016/j.diabres.2019.01.003.

15. Bally, L.; Zueger, T.; Buehler, T.; Dokumaci;A.S.; Speck, C.; Pasi, N.;
Ciller, C.; Paganini, D.; Feller, K.; Loher,:H.; et al. Metabolic and Hormonal
Response to Intermittent High-Intensity and Continuous Moderate Intensity
Exercise in Individuals with Type 1 Diabetes: A-Randomised Crossover Study.
Diabetologia2016, 59, 776-784, doi:10.1007/s00125-015-3854-7.

16. Guerrero-Romero, E.; Simental-Mendia, L.E.; Gonzalez-Ortiz, M.;
Martinez-Abundis, E.; Ramos-Zavala, M.G.; Hernandez-Gonzéalez, S.O.;
Jacques-Camarena;O.; Rodriguez-Moran, M. The Product of Triglycerides and
Glucose, a Simple-Measure of Insulin Sensitivity. Comparison with the
Euglycemic-Hyperinsulinemic Clamp. Journal of Clinical Endocrinology and
Metabolism2010, doi:10.1210/jc.2010-0288.

17. Gillen, J.B.;:Martin, B.J.; Maclnnis, M.J.; Skelly, L.E.; Tarnopolsky, M.A.;
Gibala, M.J. Twelve Weeks of Sprint Interval Training Improves Indices of
Cardiometabolic Health Similar to Traditional Endurance Training despite a Five-
Fold Lower Exercise Volume and Time Commitment. PLoS One2016, 11,
doi:10.1371/journal.pone.0154075.

18. Holmstrup, M.; Fairchild, T.; Keslacy, S.; Weinstock, R.; Kanaley, J.
Multiple Short Bouts of Exercise over 12-h Period Reduce Glucose Excursions
More than an Energy-Matched Single Bout of Exercise. Metabolism2014, 63,
510-519, doi:10.1016/j.metabol.2013.12.006.

19. De Teles, G.O.; Gentil, P.; e Silva, L.R.B.; De Sousa, W.M.; Seguro,
C.S.; Rebelo, A.C.S. HIIE Protocols Promote Better Acute Effects on Blood
Glucose and Pressure Control in People with Type 2 Diabetes than Continuous
Exercise. Int J Environ Res Public Health2022, 19, doi:10.3390/ijerph19052601.

20. Braga, J.C.; de Freitas, R.E.; dos Santos, K.M.; Pontes da Silva, R.;
Mota da Silva, J.; Junior, A.L.; de Oliveira, G.L.; Oliveir, T.A.P.; Pernambuco,
C.S.; Furtado da Silva, V.; et al. Twelve Weeks of High-Intense Interval Training



341
342

343
344
345
346
347
348

349
350
351
352

353
354
355
356

357
358
359
360
361

362
363
364
365
366

367

Enhance the Neuromuscular and Cardiorespiratory Performance of Elderly.
Open Sports Sci J2020, 13, 42-48, doi:10.2174/1875399x02013010042.

21. Louzada Junior, A.; Mota da Silva, J.; Furtado da Silva, V.; Clodoaldo
Melo Castro, A.; Eufrasio de Freitas, R.; Braga Cavalcante, J.; Maia dos Santos,
K.; Paula Azevedo Albuquerque, A.; Paraguassu Brandéo, P.; de Nazaré Dias
Bello, M.; et al. Multimodal HIIT Is More Efficient Than Moderate Continuous
Training for Management of Body Composition, Lipid Profile and Glucose
Metabolism in the Diabetic Elderly. Int. J. Morphol2020, 38, 392—-399.

22. Wiecek, M.; Szymura, J.; Maciejczyk, M.; Kantorowicz, M.; Szygula, Z.
Acute Anaerobic Exercise Affects the Secretion of Asprosin, Irisin, and Other
Cytokines - A Comparison between Sexes. Front Physiol2018, 9, 1782,
doi:10.3389/fphys.2018.01782.

23. Moldoveanu, A.l.; Shephard, R.J.; Shek, P.N. Exercise Elevates Plasma
Levels but Not Gene Expression of IL-1beta, IL-6, and TNF-Alpha.in'Blood
Mononuclear Cells. J ApplPhysiol (1985)2000, 89, 1499-1504, d0i:8750-
7587/00.

24, Ellingsgaard, H.; Seelig, E.; Timper, K.; Coslovsky,; M.;iSoederlund, L.;
Lyngbaek, M.P.; WewerAlbrechtsen, N.J.; Schmidt-Trucksass, A.; Hanssen, H.;
Frey, W.O.; et al. GLP-1 Secretion Is Regulated by/IL-6 Signalling: A
Randomised, Placebo-Controlled Study. Diabetologia2020, 63, 362-373,
doi:10.1007/s00125-019-05045-y.

25. Ellingsgaard, H.; Hauselmann, |.; Schuler, B.; Habib, A.M.; Baggio, L.L.;
Meier, D.T.; Eppler, E.; Bouzakri, K.; Wueest, S.; Muller, Y.D.; et al. Interleukin-6
Enhances Insulin Secretion by Increasing Glucagon-like Peptide-1 Secretion
from L Cells and Alpha Cells. Nat Med2011, 17, 1481-1489,
doi:10.1038/nm.2513.



