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ABSTRACT

Diabetes Mellitus (DM) which is characterized by pancreatic beta-cell dysfunction, peripheral insulin resistance, or both,
is one of the most relevant cardiovascular risk factors worldwide. Its most prevalent and studied form is type 2 diabetes
mellitus (DM2), a chronic multifunctional condition linked to physical inactivity and lifestyle. The purpose of this narrative
review is to explore the implications of high intensity interval training on different hemodynamic, biochemical and
anthropometric parameters of DM2 patients. Findings yielded that high-intensity interval training is a safe and
recommended training method to improve functional capacity and certain parameters such as body weight and body
mass index (BMI), systolic blood pressure (SBP), VO, maximum (peak) and Hb1Ac, compared to moderate and low
intensity training, and passive controls. Moreover, the benefits of physical exercise are independent of weight loss and
there is no nutritional protocol or drug to replace them.
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INTRODUCTION

Diabetes Mellitus (DM) is a metabolic disease characterized by inappropriate high levels of glucose in the
bloodstream. Moreover, chronic DM has been linked to different complications as polyneuropathy, chronic
kidney disease, cardiovascular disease, cerebrovascular disease, loss of vision and immunosuppression
(Galicia-Garcia et al., 2020). The International Diabetes Federation estimates on 425 million the number of
people affected worldwide by DM (Colberg et al., 2016; Khan et al., 2019). On the other hand, DM is
originated by a pancreatic beta-cell dysfunction (DM1), peripheral insulin resistance (DM2), or both (Iglay et
al., 2016). Between the different DM types, its most prevalent and studied form (approximately 90%) is DM2
(Khan et al., 2019; Lin et al., 2020), which will be explored in this review.

In the last years, a B-cell-centred model of DM has been proposed for a functional assessment of DM (Cerf,
2013). Accordingly, it is suggested that B-cell disfunction as well as its interactions with genetics, insulin
resistance, environmental factors and inflammation are the key mechanisms of DM onset (Galicia-Garcia et
al., 2020). The risk of developing DM2 follows a continuum through all abnormal blood glucose levels (Banday
et al., 2020). However, the highest risk patients include those with altered basal blood glucose, impaired
glucose tolerance, or a glycosylated haemoglobin (HbA1c) between 5.7- 6.4% (Galicia-Garcia et al., 2020).
The progression towards DM2 is determined by a group of factors (Paulweber et al., 2010),of which some
are "non-modifiable" and others are "modifiable”. Regarding non-modifiable risk factors, the most prevalent
are (a) age, (b) race / ethnicity, (c) history of DM2 in first-degree relatives or with gestational diabetes, and
(d) the presence of a polycystic ovary (Livadas et al., 2022; Wu et al., 2014). However, under a lifestyle
approach, the most interesting factor are those defined as modifiable risk factors (Reddy, 2018). In addition,
under this classification are included obesity, overweight and abdominal obesity, sedentary lifestyle, smoking,
dietary patterns, as well as other disorders in glucose regulation which can be modulated under lifestyle
interventions (Joseph et al., 2017). Thus, obesity and overweight increase the risk of impairment of glucose
tolerance and DM2 at all ages, through an increment in insulin resistance (Cerf, 2013; Wondmkun, 2020). In
addition, research confirms that more than 80% of DM2 cases can be attributed to obesity (Golay & Ybarra,
2005). Consequently, overweight reduction or conversion to normal weight also decrease DM2 onset risk,
improving glycaemic control in patients with established diabetes (Wondmkun, 2020).

Moreover, a sedentary lifestyle entails a reduction in caloric expenditure, promotes weight gain, reduces
aerobic capacity and muscle strength (Newton et al., 2013). Thus, sedentarism favours obesity and therefore
increase the risk of DM2 (Langleite et al., 2016). Lifestyle modifications based on daily physical activity,
avoiding tobacco and nutritional improvements, learning about health comorbidities according to obesity and
DM2, as well as the study of these modifiable risk factors, are key interventions to reorient this prevalent
pathology (Chester et al., 2018). Health education will be key for a successful treatment of this pathology
(Chester et al., 2018). The establishment of pharmacological treatment in many occasions will be necessary
but it will never replace the hygienic-dietary recommendations and physical activity (Raveendran, 2018).
Certainly, physical activity improves insulin sensitivity, thus, it improves blood glucose levels to values in the
normal range (Colberg et al., 2016; Hordern et al., 2012). To enhance glycaemic control, reduce or maintain
body weight and/or reduce the risk of cardiovascular diseases, a plan of at least 150 minutes a week is
recommended, developed in 3 to 5 weekly sessions of moderate to vigorous aerobic activity, at the 50-70%
of your maximum heart rate with no more than 2 consecutive days of no activity (Colberg et al., 2016).
However, shorter durations (minimum 75 min / week) of vigorous intensity or interval training (HIIT) may be
sufficient for younger and more physically fit people (Colberg et al., 2010; Yang et al., 2014). However,
previous research suggests that exercise programs may be designed according to specific modalities (Fritz
et al., 2021). In this sense, Umpierre et al. (2011) concluded that aerobic exercise achieves a reduction in
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HbA1c of 0.73% compared to 0.57% for strength training. However, when both training modalities were
studied in combination, the total decrement of HbA1c was 0.51%.

Currently, medical guidelines have not well aggregated if new training methods as high-intensity interval
training (HIIT) are an effective cost-benefit intervention in this patients (Paternina-de la Osa et al., 2017).
Therefore, the objective of this review was to examine the effects of HIIT as part of the therapy of DM2.
Specifically, it was intended to clarify whether the HITT causes an improvement in hemodynamic, analytical
and anthropometric outcomes of DM2 patients, compared to other types of training, other physical activity or
none at all.

SYSTEMATIC REVIEWS AND META-ANALYSIS ABOUT HIIT AND DM2

Regarding systematic reviews and/or meta-analysis, 5 articles have been published in the last five years (da
Silva et al., 2019; De Nardi et al., 2018; Jiménez-Maldonado et al., 2020; Liu et al., 2019; Lora-Pozo et al.,
2019; Picard et al., 2021):

In a recent systematic review with meta-analysis, (Picard et al., 2021), it was evaluated the effect of physical
exercise on heart rate variability (HRV) in DM2 patients. Between the primary outcomes studied, it was found
a usual comorbidity called cardiac autonomic neuropathy (CAN), which can trigger autonomous nervous
system damage, coronary ischemia, arrhythmia, stroke, orthostatic hypotension and sudden death
syndrome. Data included 21 interventions, where only 4 of the selected studies reported a HIIT protocol.
Results, regarding HIIT elicit improvements in each exercise group, however, HIIT groups exerts more
benefits in functional capacities than traditional resistance training, but not in VFC variables. Exercise
enhanced essential biomarkers of DM2 including glycaemic control, insulin resistance, fat body mass, blood
pressure, strength and lean body mass, despite of the insufficient number of non-resistance training
protocols. Moreover, meta-analysis of the 4 HIIT studies reported benefits on HbA1c, BMI, total cholesterol,
HDL, LDL, TGs and VO..

In other systematic review (Jiménez-Maldonado et al., 2020) found a primary role of glycemia in the
prevention of comorbidities related to metabolic syndrome in DM2. HIIT alone or imbedded in a resistance
training intervention exerts a positive impact on glycaemic in DM2 and non-dysmetabolic subjects
comparable to aerobic training, which was fixed as the comparative reference.

Lora-Pozo et al. (2019) in a systematic review with meta-analysis of randomized control trials, explored the
effects of HIIT compared to passive controls and other exercise interventions (e.g., aerobic exercise) in DM2
patients. Collected data reported anthropometric, cardio-pulmonary and metabolic measurements. After
statistical analysis, obtained results favoured HIIT interventions, compared to passive controls: (Weight:
standardized mean difference (SMD) = -2.09; 95% confidence interval (Cl): (-3.41; -0.78); BMI: SMD =
-3.73; 95% CI: (-5.53; -1.93); Systolic blood pressure: SMD = -4.55; 95% CI: (-8.44; -0.65); VO2max: SMD
= 12.20; 95%Cl: (0.26; 24.14); HbA1c: SMD = -3.72; 95%CI: (-7.34; -0.10)]). Concerning HIIT effects
compared to other interventions, this meta-analysis manifested positive improvements in weight loss, BMI,
systolic blood pressure, VO2max and HbA1c. This study also suggested better results in the moderate intensity
exercise in contrast to lower intensities groups.

In a 5 RCTs systematic review (da Silva et al., 2019), authors examined the effects of a HIIT intervention in
comparison to low or moderate interval training on blood glucose in DM2 patients. This review was
characterized for being the first one analysing the impact of HIIT in DM2 with a RCT eligibility criteria. Most
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studies reported significant differences for weight and BMI in HIIT interventions. Metabolic profile
measurements (SBP, DBP, cholesterol, TGs, fasting glucose and HbAC1) related to HIIT protocols were
examined in only 1 study; significant differences were found for SBP and HDL cholesterol in 2 studies. Only
1 study reported data for medium intensity interval, showing improvements in LDL levels. Blood glucose was
examined in 4 studies; all the selected interventions obtained significant differences for HIIT and moderate
intensity training protocols.

Liu et al. (2019) developed a systematic review with meta-analysis of 13 studies (n = 345) exploring the
effectiveness of HIIT on glycaemic control and cardio-pulmonary fitness. In this review HIIT was compared
with moderate intensity interval training and a passive control in DM2 patients. HIIT protocols resulted in a
positive reduction in fat body mass, HbA1c (SMD: - 0.37, 95% CI: - 0.55 ; - 0.19, p <.0001); VO2 relative
peak (SMD: 3.37 ml/ kg / min, 95% Cl: 1.88 ; 4.87, p <.0001); VO2 absolute peak (SMD: 0.37/ min, 95% Cl:
0.28 ; 0.45, p < .00001) fasting insulin, weight (SMD: - 1.22 kg, 95% CI: - 2.23 ; - 0.18, p = .02) and BMI
(SMD: - 0.40 kg / m2,95% CI - 0.78 ; - 0.02, p = .04) compared to moderate intensity training.

In a meta-analysis of 7 low of risk bias studies (De Nardi et al., 2018), explored the impact of HIIT in
comparison to continuum training in metabolic biomarkers of pre-DM2 and DM2 patients. HIIT increased
significantly in 3.02 ml / kg / min (Cl 95% 1.42-4.61) VOamax in contrast to moderate intensity training. No
differences were found between both training modalities for A1c, SBP, DPB, total cholesterol, LDL, HDL, BMI
and waist to hip ratio (WHR).

Clinical guidelines concerning HIIT and DM2
Clinical practice guidelines targeting DM2 were also reviewed. HIIT was only mentioned in the Canadian
Clinical Practice Guidelines (2018) and in the evidence summary of Dynamed (2018).

The Canadian Clinical Practice Guidelines (2018) discussed the benefits of HIIT within the chapter dedicated
to physical activity and diabetes. It is known that HIIT induces greater cardiorespiratory functional adaptations
but, when talking about patients with DM2, HIIT also seems to be more effective to improve glycaemic control
compared to lower intensity continuous exercise. It is recommended for DM2 patients to perform interval
trainings (short periods of vigorous exercise alternating with short recovery periods at low-to-moderate
intensity or rest from 30 seconds to 3 minute each) aiming to improve their cardiorespiratory fithess (Grade
B, Level 2).

In the evidence summary of Dynamed (2018) targeting alternative treatments for diabetes, HIIT is included
as a plausible exercise protocol to reduce fasting glucose levels and HbA1c in patients with DM2 (Evidence
level 3) based the findings reported by a randomized clinical trial.

Summary of the effects of HIIT on patients with DM2

Lingvay et al (2021) declared that obesity management should be the primary treatment for remission of
DM2. In a recent study (Taheri et al., 2020), randomly assigned 158 patients with DM2 to an intervention (n
= 79) and a control group (n = 79). The intervention group underwent lifestyle modifications with physical
activity and nutrition interventions and was compared to another group based on general recommendations
(passive control group). The intervention group lost 11.98 kg (95% IC: 9.72 a 14.23) while the control group
lost 3.98 kg (95% IC: 2.78 a 5.18). Besides, the intervention group achieved a significantly greater remission
of type 2 diabetes mellitus (61 vs. 12%).
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High intensity training improves health parameters regardless of the induced weight loss (Gaesser & Angadi,
2021). In the latest guidelines for the management of heart failure by the European Society of Cardiology
(McDonagh et al., 2021), it is recommended to perform 75-150 minutes of high intensity physical exercise
per week aiming to reduce all causes of mortality, cardiovascular mortality and morbidity (IA evidence). In
fact, Gaesser et al. (2020) state that the treatment of obesity (key for the treatment of type 2 DM) should
focus on physical exercise due to its benefits regardless of weight loss: (1) The risk of mortality associated
to obesity is attenuated or eliminated by moderate-high levels of cardiorespiratory fitness (measured by
VOzmax) or high levels of physical activity (measured by number of steps per day, among others); (2) Most of
the cardiometabolic risk markers associated to obesity can be improved with physical exercise independently
of weight loss (Colberg et al., 2010). Improved cardiorespiratory fitness or elevated levels of physical activity
are associated with greater reductions in mortality compared to weight loss alone (McDonagh et al., 2021).

At physiological and molecular levels, HIIT would regulate both lipid and glycaemic metabolism (Sabag et
al.,, 2021). Focusing on glycaemic metabolism, HIIT would improve the quantity and quality of mitochondria
organelles, which are key in the beta oxidation of fatty acids (Sabag et al., 2021). These effects would reduce
the accumulation of ceramides and diacylglycerides, lipids that decrease insulin sensitivity by several
mechanisms. In addition to the inhibition of protein kinase C resulting from physical exercise, it would induce
anincrease in the translocation of GLUT4 receptors at the muscle level, increasing peripheral glucose uptake
and increasing the storage capacity of muscle glycogen (Banday et al., 2020; Sabag et al., 2021).

HIIT provides greater benefits to functional capacity compared to resistance training (Jiménez-Maldonado et
al., 2020; Picard et al., 2021). Both, resistance training and HIIT improve glycaemic control, insulin resistance,
fat mass, blood pressure, strength and lean body mass (Jiménez-Maldonado et al., 2020). Combining
resistance training and HIIT improved only some results (Jiménez-Maldonado et al., 2020). On the other
hand, HIIT and sprint interval training improve glycaemic control to a similar or greater degree than aerobic
exercise in populations without metabolic syndrome or DM2 (Jiménez-Maldonado et al., 2020). HIIT improves
body weight and significantly reduces BMI (da Silva et al., 2019; Lora-Pozo et al., 2019). Despite this, HIIT
does not seem to induce greater effects compared to other exercise interventions. On the other hand, HIIT
improves VO2max absorption in DM2 patients, which indicates the maximum capacity of the cells of our body
to absorb and use oxygen, also predicting glucose clearance by plasma insulin (De Nardi et al., 2018).

CONCLUSIONS

In conclusion, HIIT is a safe and recommended effective exercise for patients with DM2 to improve their
functional capacities, body weight, BMI, blood pressure, VO2max and Hb1Ac. There is no drug or nutritional
intervention that could replace physical exercise benefits. Physical exercise is applicable to the entire
population regardless of their financial resources. Further research is needed to clarify the most effective
HIIT protocol depending on the targeted population.

AUTHOR CONTRIBUTIONS
All authors have worked in the development of this study. The study was conceived by AKR and APC, the

literature search and reviewed was performed by AKR, PJM, APC and CAF, all authors participated in writing
and the final critical revision of the manuscript.

40 | 2023 |ISSUE 1| VOLUME 2 ©2023 ARD Asociacion Espafiola



Kramer-Ramos, et al. / High-intensity interval training and type 2 diabetes mellitus Scientific Journal of Sport and Performance

SUPPORTING AGENCIES

No funding agencies were reported by the authors.
DISCLOSURE STATEMENT

No potential conflict of interest was reported by the authors.
REFERENCES

Banday, M. Z., Sameer, A. S., & Nissar, S. (2020). Pathophysiology of diabetes: An overview. Avicenna
Journal of Medicine, 10(04), 174-188. https://doi.org/10.4103/ajm.ajm_53 20

Cerf, M. E. (2013). Beta Cell Dysfunction and Insulin Resistance. Frontiers in Endocrinology, 4.
https://doi.org/10.3389/fendo.2013.00037

Chester, B., Stanely, W. G., & Geetha, T. (2018). Quick guide to type 2 diabetes self-management education:
Creating an interdisciplinary diabetes management team. Diabetes, Metabolic Syndrome and
Obesity: Targets and Therapy, Volume 11, 641-645. https://doi.org/10.2147/DMS0.5178556

Colberg, S. R., Sigal, R. J., Fernhall, B., Regensteiner, J. G., Blissmer, B. J., Rubin, R. R., Chasan-Taber,
L., Albright, A. L., & Braun, B. (2010). Exercise and Type 2 Diabetes. Diabetes Care, 33(12), e147-
e167. https://doi.org/10.2337/dc10-9990

Colberg, S. R., Sigal, R. J., Yardley, J. E., Riddell, M. C., Dunstan, D. W., Dempsey, P. C., Horton, E. S.,
Castorino, K., & Tate, D. F. (2016). Physical Activity/Exercise and Diabetes: A Position Statement of
the  American  Diabetes  Association.  Diabetes  Care,  39(11),  2065-2079.
https://doi.org/10.2337/dc16-1728

da Silva, D. E., Grande, A. J., Roever, L., Tse, G., Liu, T., Biondi-Zoccai, G., & de Farias, J. M. (2019). High-
Intensity Interval Training in Patients with Type 2 Diabetes Mellitus: A Systematic Review. Current
Atherosclerosis Reports, 21(2), 8. https://doi.org/10.1007/s11883-019-0767-9

De Nardi, A., Tolves, T., Larissa, T., Signori, L., & Vargas da Silva, A. (2018). High-intensity interval training
versus continuous training on physiological and metabolic variables in prediabetes and type 2
diabetes: A meta-analysis. https://doi.org/10.1016/.diabres.2017.12.017

Diabetes Canada Clinical Practice Guidelines Expert Committee. (2018). Clinical Practice Guidelines for the
Prevention and Management of Diabetes in Canada. Can J Diabetes.

EBSCO Information Services. (2018). Diabetes Alternative Treatments. Dynamed.

Fritz, N. B., Gene-Morales, J., Saez-Berlanga, A., Juesas, A., Flandez, J., & Colado, J. C. (2021). Resistance
training for chronic low back pain in the elderly: A systematic review. Journal of Human Sport and
Exercise - 2021 - Winter Conferences of Sports Science. Journal of Human Sport and Exercise -
2021 - Winter Conferences of Sports Science. https://doi.org/10.14198/jhse.2021.16.Proc3.66

Gaesser, G. A, & Angadi, S. S. (2021). Obesity treatment: Weight loss versus increasing fitness and physical
activity for reducing health risks. IScience, 24(10), 102995.
https://doi.org/10.1016/}.isci.2021.102995

Galicia-Garcia, U., Benito-Vicente, A., Jebari, S., Larrea-Sebal, A., Siddiqi, H., Uribe, K. B., Ostolaza, H., &
Martin, C. (2020). Pathophysiology of Type 2 Diabetes Mellitus. International Journal of Molecular
Sciences, 21(17), 6275. https://doi.org/10.3390/ijms21176275

Golay, A., & Ybarra, J. (2005). Link between obesity and type 2 diabetes. Best Practice & Research Clinical
Endocrinology & Metabolism, 19(4), 649-663. https://doi.org/10.1016/].beem.2005.07.010

Hordern, M. D., Dunstan, D. W, Prins, J. B., Baker, M. K., Singh, M. A. F., & Coombes, J. S. (2012). Exercise
prescription for patients with type 2 diabetes and pre-diabetes: A position statement from Exercise

VOLUME 2| ISSUE 12023 #1


https://doi.org/10.4103/ajm.ajm_53_20
https://doi.org/10.3389/fendo.2013.00037
https://doi.org/10.2147/DMSO.S178556
https://doi.org/10.2337/dc10-9990
https://doi.org/10.2337/dc16-1728
https://doi.org/10.1007/s11883-019-0767-9
https://doi.org/10.1016/j.diabres.2017.12.017
https://doi.org/10.14198/jhse.2021.16.Proc3.66
https://doi.org/10.1016/j.isci.2021.102995
https://doi.org/10.3390/ijms21176275
https://doi.org/10.1016/j.beem.2005.07.010

Kramer-Ramos, et al. / High-intensity interval training and type 2 diabetes mellitus Scientific Journal of Sport and Performance

and Sport Science Australia. Journal of Science and Medicine in Sport, 15(1), 25-31.
https://doi.org/10.1016/j.jsams.2011.04.005

lglay, K., Hannachi, H., Joseph Howie, P., Xu, J., Li, X., Engel, S. S., Moore, L. M., & Rajpathak, S. (2016).
Prevalence and co-prevalence of comorbidities among patients with type 2 diabetes mellitus. Current
Medical Research and Opinion, 32(7), 1243-1252. https://doi.org/10.1185/03007995.2016.1168291

Jiménez-Maldonado, A., Garcia-Suérez, P. C., Renteria, |., Moncada-Jiménez, J., & Plaisance, E. P. (2020).
Impact of high-intensity interval training and sprint interval training on peripheral markers of glycemic
control in metabolic syndrome and type 2 diabetes. Biochimica et Biophysica Acta (BBA) - Molecular
Basis of Disease, 1866(8), 165820. https://doi.org/10.1016/j.bbadis.2020.165820

Joseph, J. J., Echouffo-Tcheugui, J. B., Talegawkar, S. A., Effoe, V. S., Okhomina, V., Carnethon, M. R.,
Hsueh, W. A., & Golden, S. H. (2017). Modifiable Lifestyle Risk Factors and Incident Diabetes in
African  Americans. American Journal of Preventive Medicine, 53(5), €165-e174.
https://doi.org/10.1016/j.amepre.2017.06.018

Khan, M. A. B., Hashim, M. J., King, J. K., Govender, R. D., Mustafa, H., & Al Kaabi, J. (2019). Epidemiology
of Type 2 Diabetes - Global Burden of Disease and Forecasted Trends: Journal of Epidemiology and
Global Health, 10(1), 107. https:/doi.org/10.2991/jegh.k.191028.001

Langleite, T. M., Jensen, J., Norheim, F., Gulseth, H. L., Tangen, D. S., Kolnes, K. J., Heck, A., Storas, T.,
Grathe, G., Dahl, M. A., Kielland, A., Holen, T., Noreng, H. J., Stadheim, H. K., Bjgrnerud, A.,
Johansen, E. |., Nellemann, B., Birkeland, K. I., & Drevon, C. A. (2016). Insulin sensitivity, body
composition and adipose depots following 12 w combined endurance and strength training in
dysglycemic and normoglycemic sedentary men. Archives of Physiology and Biochemistry, 122(4),
167-179. https://doi.org/10.1080/13813455.2016.1202985

Lin, X., Xu, Y., Pan, X, Xu, J., Ding, Y., Sun, X., Song, X., Ren, Y., & Shan, P.-F. (2020). Global, regional,
and national burden and trend of diabetes in 195 countries and territories: An analysis from 1990 to
2025. Scientific Reports, 10(1), 14790. https://doi.org/10.1038/s41598-020-71908-9

Lingvay, 1., Sumithran, P., Cohen, R., & le Roux, C. (2021). Obesity management as a primary treatment
goal for type 2 diabetes: Time to reframe the conversation. https://doi.org/10.1016/S0140-
6736(21)01919-X

Liu, J., Zhu, L., Li, P., Li, N., & Xu, Y. (2019). Effectiveness of high-intensity interval training on glycemic
control and cardiorespiratory fitness in patients with type 2 diabetes: A systematic review and meta-
analysis. Aging Clinical and Experimental Research, 31(5), 575-593. https://doi.org/10.1007/s40520-
018-1012-z

Livadas, S., Anagnostis, P., Bosdou, J. K., Bantouna, D., & Paparodis, R. (2022). Polycystic ovary syndrome
and type 2 diabetes mellitus: A state-of-the-art review. World Journal of Diabetes, 13(1), 5-26.
https://doi.org/10.4239/wjd.v13.i1.5

Lora-Pozo, Lucena-Anton, Salazar, Galan-Mercant, & Moral-Munoz. (2019). Anthropometric,
Cardiopulmonary and Metabolic Benefits of the High-Intensity Interval Training Versus Moderate,
Low-Intensity or Control for Type 2 Diabetes: Systematic Review and Meta-Analysis. International
Journal  of  Environmental Research and  Public  Health, 16(22), 4524,
https://doi.org/10.3390/ijerph 16224524

McDonagh, T. A., Metra, M., Adamo, M., Gardner, R. S., Baumbach, A., Béhm, M., Burri, H., Butler, J.,
Celutkieng, J., Chioncel, O., Cleland, J. G. F., Coats, A. J. S., Crespo-Leiro, M. G., Farmakis, D.,
Gilard, M., Heymans, S., Hoes, A. W., Jaarsma, T., Jankowska, E. A, ... Skibelund, A. K. (2021).
2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. European
Heart Journal, 42(36), 3599-3726. https://doi.org/10.1093/eurheartj/ehab368

42 | 2023 |ISSUE 1| VOLUME 2 ©2023 ARD Asociacion Espafiola


https://doi.org/10.1016/j.jsams.2011.04.005
https://doi.org/10.1185/03007995.2016.1168291
https://doi.org/10.1016/j.bbadis.2020.165820
https://doi.org/10.1016/j.amepre.2017.06.018
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.1080/13813455.2016.1202985
https://doi.org/10.1038/s41598-020-71908-9
https://doi.org/10.1016/S0140-6736(21)01919-X
https://doi.org/10.1016/S0140-6736(21)01919-X
https://doi.org/10.1007/s40520-018-1012-z
https://doi.org/10.1007/s40520-018-1012-z
https://doi.org/10.4239/wjd.v13.i1.5
https://doi.org/10.3390/ijerph16224524
https://doi.org/10.1093/eurheartj/ehab368

Kramer-Ramos, et al. / High-intensity interval training and type 2 diabetes mellitus Scientific Journal of Sport and Performance

Newton, R. L., Han, H., Zderic, T., & Hamilton, M. (2013). The Energy Expenditure of Sedentary Behavior: A
Whole Room Calorimeter Study. PLoS ONE, 8(5), e63171.
https://doi.org/10.1371/journal.pone.0063171

Paternina-de la Osa, A., Villaquiran-Hurtado, A., Jacome-Velasco, S., Galvis-Fernandez, B., & Granados-
Vidal, Y. A. (2017). Actividad fisica en pacientes con diabetes mellitus tipo 2 y relacion con
caracteristicas sociodemograficas, clinicas y antropométricas. Universidad y Salud, 20(1), 72.
https://doi.org/10.22267/rus.182001.111

Paulweber, B., Valensi, P., Lindstrom, J., Lalic, N., Greaves, C., McKee, M., Kissimova-Skarbek, K., Liatis,
S., Cosson, E., Szendroedi, J., Sheppard, K., Charlesworth, K., Felton, A.-M., Hall, M., Rissanen, A.,
Tuomilehto, J., Schwarz, P., Roden, M., Paulweber, M., ... Yilmaz, T. (2010). A European Evidence-
Based Guideline for the Prevention of Type 2 Diabetes. Hormone and Metabolic Research, 42(S 01),
S3-S36. https://doi.org/10.1055/s-0029-1240928

Picard, M., Tauveron, |., Magdasy, S., Benichou, T., Bagheri, R., Ugbolue, U. C., Navel, V., & Dutheil, F.
(2021). Effect of exercise training on heart rate variability in type 2 diabetes mellitus patients: A
systematic ~ review  and meta-analysis. PLOS  ONE, 16(5), €0251863.
https://doi.org/10.1371/journal.pone.0251863

Raveendran, A. V. (2018). Non-pharmacological Treatment Options in the Management of Diabetes Mellitus.
European Endocrinology, 14(2), 31. https://doi.org/10.17925/EE.2018.14.2.31

Reddy, P. H. (2018). Can Diabetes Be Controlled by Lifestyle Activities? 9.

Sabag, A., Little, J. P., & Johnson, N. (2021). Low-volume high-intensity interval training for cardiometabolic
health. https://doi.org/10.1113/JP281210

Taheri, S., Zaghloul, H., Chagoury, O., Elhadad, S., Anmed, S. H., El Khatib, N., Amona, R. A., El Nahas, K.,
Suleiman, N., Alnaama, A., Al-Hamagq, A., Charlson, M., Wells, M. T., Al-Abdulla, S., & Abou-Samra,
A. B. (2020). Effect of intensive lifestyle intervention on bodyweight and glycaemia in early type 2
diabetes (DIADEM-I): An open-label, parallel-group, randomised controlled trial. The Lancet
Diabetes & Endocrinology, 8(6), 477-489. https://doi.org/10.1016/S2213-8587(20)30117-0

Umpierre, D. (2011). Physical Activity Advice Only or Structured Exercise Training and Association With HbA
1c Levels in Type 2 Diabetes: A Systematic Review and Meta-analysis. JAMA, 305(17), 1790.
https://doi.org/10.1001/jama.2011.576

Wondmkun, Y. T. (2020). Obesity, Insulin Resistance, and Type 2 Diabetes: Associations and Therapeutic
Implications. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy, Volume 13, 3611-
3616. https://doi.org/10.2147/DMS0Q.5275898

Wu, Y., Ding, Y., Tanaka, Y., & Zhang, W. (2014). Risk Factors Contributing to Type 2 Diabetes and Recent
Advances in the Treatment and Prevention. International Journal of Medical Sciences, 11(11), 1185-
1200. https://doi.org/10.7150/ijms.10001

Yang, Z., Scott, C. A,, Mao, C., Tang, J., & Farmer, A. J. (2014). Resistance Exercise Versus Aerobic
Exercise for Type 2 Diabetes: A Systematic Review and Meta-Analysis. Sports Medicine, 44(4), 487-
499. https://doi.org/10.1007/s40279-013-0128-8

o020

This work is licensed under a Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
VOLUME 2 | ISSUE 1]2023 | 43



https://doi.org/10.1371/journal.pone.0063171
https://doi.org/10.22267/rus.182001.111
https://doi.org/10.1055/s-0029-1240928
https://doi.org/10.1371/journal.pone.0251863
https://doi.org/10.17925/EE.2018.14.2.31
https://doi.org/10.1113/JP281210
https://doi.org/10.1016/S2213-8587(20)30117-0
https://doi.org/10.1001/jama.2011.576
https://doi.org/10.2147/DMSO.S275898
https://doi.org/10.7150/ijms.10001
https://doi.org/10.1007/s40279-013-0128-8
https://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/

