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Abstract: Aerobic exercise training and diet are recommended for the primary prevention 
of type 2 diabetes mellitus and cardiovascular disease. The American Diabetes Association 
(ADA) recommends that adults with prediabetes engage in $ 150 minutes per week of moder-
ate activity and target a 7% weight loss. However, traditional moderate-intensity (MI) exercise 
training programs are often difficult to sustain for prediabetic adults; a commonly cited barrier 
to physical activity in this population is the “lack of time” to exercise. When matched for total 
energy expenditure, high-intensity (HI) exercise training has a lower overall time commitment 
compared with traditional low-intensity (LI) or MI exercise training. Several recent studies 
comparing HI exercise training with LI and MI exercise training reported that HI exercise train-
ing improves skeletal muscle metabolic control and cardiovascular function in a comparable 
and/or superior way relative to LI and MI exercise training. Although patients can accrue all 
exercise benefits by performing LI or MI activities such as walking, HI activities represent a 
time-efficient alternative to meeting physical activity guidelines. High-intensity exercise training 
is a potent tool for improving cardiometabolic risk for prediabetic patients with limited time 
and may be prescribed when appropriate.
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Introduction
Lifestyle intervention, including aerobic exercise training and diet, is essential for the 
prevention of type 2 diabetes mellitus (T2DM). In particular, the preventative role 
of exercise training is supported by several well-conducted RCTs, including the US 
Diabetes Prevention Program (DPP), Finnish Diabetes Prevention Study, the Chinese 
Da Qing IGT and Diabetes Study, and the Swedish Malmo study, which clearly demon-
strate that exercise reduces the progression of prediabetes to T2DM by approximately 
28.5% to 58% (prediabetes is defined as impaired glucose tolerance [IGT], impaired 
fasting glucose, or a glycated hemoglobin [HbA1c] level of 5.7%–6.4%).1–6 Conse-
quently, an expert consensus statement from the American Diabetes Association (ADA) 
 recommends that adults with prediabetes should engage in $ 150 minutes per week 
of moderate activity, such as walking, and target a weight loss of 7% of body mass in 
order to prevent the development of T2DM.7 Importantly, data from the DPP and the 
US Diabetes Prevention Program Outcomes Study (DPPOS) provide strong evidence 
to suggest that the rate of T2DM development is lower after lifestyle intervention 
compared with metformin therapy1,8–11; follow-up cost analyses of the DPP and DPPOS 
show that lifestyle intervention is highly cost effective as well.1,8–11

Despite being an important and cost-saving component of the DPP, many patients 
with prediabetes find it difficult to maintain lifestyle interventions, such as exercise 
training. Sedentary prediabetic adults report many barriers to physical activity, but 
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the most common reason given is having a “lack of time” to 
exercise.12–14 However, there is a growing body of literature 
that compares cardiometabolic risk reduction effects from 
traditional aerobic/endurance training programs with reduc-
tions of risk from novel exercise interventions that present a 
minimal time burden to patients. High-intensity (HI) exercise 
training has emerged as a primary alternative to traditional 
exercise programs because they present a reduced overall 
time commitment to patients. Additionally, a number of 
recent studies of previously sedentary and prediabetic adults 
reported comparable or superior improvements to skeletal 
muscle metabolic control and cardiovascular function with HI 
exercise training compared with traditional low-intensity (LI) 
and moderate-intensity (MI) exercise training.15–23 A  common 
misconception is that patients with prediabetes or other condi-
tions cannot tolerate HI exercise. However, when HI exercise 
is individually prescribed to patients as a function of peak 
oxygen consumption (Vo2peak), it may be associated with an 
absolute exercise intensity that is considered moderate in 
other groups (eg, HI activity for adults with T2DM might 
be a brisk walking pace, which is an LI or MI activity for 
healthy young adults). High-intensity exercise training inter-
ventions were safely employed and well tolerated by a wide 
range of patient populations, including both healthy patients 
and patients who experienced heart failure18,19; there is also 
data suggesting that HI exercise training is more enjoyable 
to perform than prolonged endurance training.24

This review provides physicians and other clinicians with 
a comparison of the metabolic effects of HI exercise training 
versus traditional LI to MI exercise training in adults with 
prediabetes. In addition, we briefly examine the physiologic 
rationale for using HI exercise to improve metabolic control 
and cardiovascular function in prediabetic adults. Our review 
of the HI exercise training approach to improve cardiometa-
bolic outcomes in prediabetes is not meant to overshadow 
the benefits of traditional exercise training programs, nor is 
it meant to be a “one size fits all” method to improve car-
diometabolic risk in T2DM. However, HI exercise training 
represents a time-efficient alternative to meeting physical 
activity guidelines for many patients and may be used as a 
potent resource for prescribing exercise when appropriate.

High-Intensity Exercise Training 
Defined
High-intensity or vigorous exercise is individually prescribed 
as percent maximum oxygen consumption (Vo2 max), percent 
oxygen consumption reserve (Vo2R), and/or maximum heart 
rate (HRmax). Vigorous exercise may also be individually 

prescribed at a rating of perceived exertion (RPE) that is 
considered “hard” to “very hard” (eg, 15–17 on the Borg 
6–20 scale). The American College of Sports Medicine 
(ASCM) considers any intensity $ 60% of Vo2R (. 77% of 
HRmax) to be vigorous exercise25; however, training intensities 
near the upper ranges of Vo2 max likely confer greater overall 
benefits to patients, which we discuss in a later section.23,26 
High-intensity exercise may be performed as a single continu-
ous effort or as interval training. Interval exercise is defined 
as brief intermittent bouts of HI exercise (usually . 90% 
HRmax) followed by LI recovery periods.

Few studies in the literature compare the metabolic 
effects of calorically matched continuous or interval-based 
HI exercise training programs to traditional LI to MI pro-
grams consistent with the ACSM/ADA exercise guidelines 
for T2DM prevention (∼1000/kcal/week).15,16,25–31 This is 
problematic because independent contributions of exercise 
volume versus intensity cannot be examined. We limited our 
review to studies which compare exercise training intensity 
when total exercise volume is equated. We also considered 
several recent studies which compare traditional endurance 
training to novel HI interval training programs consisting 
of very low weekly volumes (eg, 15–30 minutes HI interval 
work per week) because these types of programs fit our time 
efficiency paradigm.

Exercise Training Intensity and 
Metabolic Control
Postprandial Glycemic Control
Impaired glucose tolerance is the hallmark characteristic of 
prediabetes and describes the exaggerated glycemic response 
to a standard 75-g 2-hour oral glucose tolerance test (OGTT). 
Impaired glucose tolerance is defined as having 2-hour 
plasma glucose concentrations between 140 to 200 mg/dL 
during the OGTT and is associated with both hepatic and 
skeletal muscle insulin resistance.32 Adults with IGT have an 
approximately 2-fold higher risk for cardiovascular events 
compared with euglycemic adults.33–35 Impaired glucose toler-
ance is a proxy for the frequent postprandial hyperglycemic 
excursions most prediabetic adults experience after mixed 
meals consumed in daily life. Postprandial hyperglycemia 
is the most significant contributor to elevated HbA1c levels 
in patients at risk for T2DM and precedes deteriorations in 
fasting blood glucose.36 Objectively measured continuous 
24-hour glucose data suggest that prediabetic adults spend 
approximately 9% of waking hours in a hyperglycemic state, 
which is a percentage that is approximately 3-fold higher 
than euglycemic adults.37 Ceriello and colleagues36 clearly 
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demonstrated that fluctuations in blood glucose occurring as 
a result of consuming meals during the course of a day are 
more deleterious to skeletal muscle homeostasis than chronic 
sustained hyperglycemia.

The beneficial effects of exercise on postprandial glucose 
(PPG) disposal may be due to transient changes in insulin action 
and glucose transporter-4 protein content instead of more pro-
found chronic adaptations to skeletal muscle (eg, mitochondrial 
biogenesis). Acute muscle contraction independent of insulin 
improves glucose disposal and lowers patient blood glucose 
levels for 2 to 72 hours into the recovery period.38,39

We recently compared the effects of acute isocaloric bouts 
of HI and MI exercise (∼30% peak power output vs 80% peak 
power output) on PPG disposal in a sample of middle-aged 
sedentary adults with prediabetes.40 Patients experienced an 
improved late phase PPG response to an OGTT with HI, 
but not MI exercise or compared with a no-exercise control 
group (late phase glucose area under the curve was 13% 
lower after HI exercise [P = 0.002]).40 In contrast to our find-
ings, Manders et al41 reported that the prevalence of 24-hour 
episodes of hyperglycemia (measured by continuous glucose 
monitoring) was similarly improved after isocaloric acute 
bouts of HI and MI cycle ergometer exercise (70% vs 35% 
peak power) in a sample of patients with T2DM.

Studies incorporating 30-second Wingate anaerobic 
bicycle sprints in which patients were encouraged to go “all 
out” reported that the low-volume HI interval training rapidly 
improved carbohydrate metabolism in healthy adults.19 How-
ever, the Wingate protocols used in these studies may not be 
tolerable or practical for use in prediabetic adults. A recent 
pilot study examining the effects of a 2-week practical model 
of low-volume HI interval training in adults with T2DM 
(10 repetitions at 1-minute intervals performed at 90% Vo2 max 
with 1-minute recovery) reported that patients experienced 
significant reductions in 24-hour glycemia and PPG levels after 
breakfast, lunch, and dinner.20 Although the patients performed 
only 6 sessions of interval training during the 2 weeks of the 
study, the authors observed an increase of approximately 260% 
in glucose transporter-4 muscle content.22 Importantly, total 
training volume in this study was much lower than current 
ADA recommendations. Currently, these practical models of 
low-volume interval training have not been compared with 
traditional endurance training in large scale studies.

Insulin
Exercise exerts its beneficial effects on T2DM prevention 
in patients via improvements in skeletal muscle insulin 
 sensitivity. Insulin sensitivity generally improves for # 24 

to 48 hours after the last bout of exercise42 and the sensitivity 
tends to wane over time.43,44 Because of the transient effects 
of exercise, the ADA recommends that patients with T2DM 
should undertake $ 150 minutes per week of moderate to 
vigorous aerobic exercise; patients should exercise 3 days 
per week and the space between bouts of exercise should 
not be . 2 consecutive days.45

Dube et al46 recently reported that a graded dose-response 
relationship exists between exercise intensity and improve-
ments in insulin sensitivity. When matched for caloric 
expenditure, HI exercise appears to be at least as effective 
as MI exercise for improving insulin sensitivity.47 DiPietro 
et al47 reported a 21% improvement in insulin action for older 
men and women after patients participated in a 9-month, HI 
aerobic exercise program (80% of Vo2 max) compared with 
16% and 8% in the MI and LI intensity groups, respectively. 
We recently reported that acute HI exercise lowered the 
late phase postprandial insulin response of patients with 
prediabetes (∼29% lower during a 3-hour OGTT), whereas 
the reductive effects of MI exercise upon late phase insulin 
were less pronounced and more variable.40 Additionally, when 
compared with a no-exercise control condition, patient insulin 
sensitivity improved by 51% (P = 0.02) and 85% (P , 0.001) 
after acute MI and HI exercise, respectively, when assessed 
using the oral minimal model.

Recently, low-volume HI interval training was shown 
to improve insulin action in healthy subjects. Babraj et al31 
showed that a minimal amount of HI exercise protocol (only 
∼250 kcal of work each week) resulted in improved insu-
lin action in sedentary subjects. Richards et al48 found that 
16  minutes of HI sprint interval exercise during a period of 
14 days was sufficient to augment insulin sensitivity in healthy 
adults. Limited data from 2 small 2-week training interventions 
suggest that the beneficial effects of insulin sensitivity from 
low-volume HI interval protocols (eg, repeats of 30- second 
Wingate anaerobic sprints) also occur in overweight and obese 
sedentary men.49,50 Larger sample sizes and longer  trials involv-
ing prediabetic adults are necessary before Wingate sprint 
interval programs can be clinically recommended.

Importantly, some studies demonstrate that LI to MI 
exercise is equally or more effective than HI exercise at 
improving insulin sensitivity in patients. For example, in the 
Studies of a Targeted Risk Reduction Intervention Through 
Defined Exercise (STRRIDE) trial, a low-volume MI training 
program (≈12 miles of jogging per week) was significantly 
better at improving insulin sensitivity than a calorically 
equivalent HI exercise training program in obese and 
 overweight men and women (∼85% vs ∼40%  improvement 
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in insulin sensitivity).51,52 Interestingly, in the STRRIDE 
study, a high-volume HI training program approximately 
equal to 20 miles of jogging per week was only slightly 
better at improving insulin sensitivity in patients than the 
low-volume MI training program.52 The STRRIDE findings 
support current ACSM/ADA exercise recommendations for 
diabetes mellitus prevention and suggest that the insulin 
sensitizing benefits of exercise may be achieved by walking 
approximately 12 miles per week at an MI level.

β-cell Function
Several recent studies demonstrated that by the time a patient 
with prediabetes meets the diagnostic criteria for T2DM, 
they are near maximally insulin resistant and present with 
severe β-cell dysfunction (80% less function compared with 
healthy controls).53–57 One study suggests that interventions 
aimed at preventing the progression of IGT to T2DM also 
demonstrate the efficacy of the programs in preserving β-cell 
insulin secretory function.32

The influence of exercise intensity on β-cell function was 
studied by Slentz et al,58 who reported greater improvements 
in β-cell function; results were modeled from an intravenous 
glucose tolerance test after 8 weeks of low-volume MI exer-
cise training (14 kcal/kg/week; 40%–55% Vo2peak) compared 
with high-volume HI exercise training (23 kcal/kg/week; 
65%–80% Vo2peak) in a sample of sedentary adults. Data 
from our group suggest that HI exercise acutely improves the 
disposition index (a marker of β-cell function) to a greater 
extent than MI exercise in prediabetic adults.59

Lipids
Dietary fat intake acutely augments glucose-stimulated insulin 
secretion in order to facilitate the storage of fat in adipocytes. 
Chronic exposure to fat results in impaired glucose-stimulated 
insulin secretion, most likely due to interference with β-cell 
glucose metabolism, insulin synthesis, β-cell loss, or defects 
in calcium channel function.60 There is a strong correlation 
between fat deposition around the pancreas and impaired 
glucose-stimulated insulin secretion and glucose tolerance. For 
example, Lim et al61 demonstrated a restoration of first phase 
insulin secretion that correlated with decreased pancreatic and 
liver triglyceride stores in a sample of T2DM subjects placed 
on an ultra-low–calorie diet (600 kcal/day) for 8 weeks.

Independent of patient diet, exercise training has benefi-
cial effects on lipoprotein sub-fractions and triglycerides in 
patients. Exercise training appears to be most beneficial for 
treating dyslipidemia in patients with the most atherogenic 
lipid profiles. In a study of overweight men and women 

with mild to moderate dyslipidemia, 8 months of exercise 
training reduced total cholesterol and low-density lipopro-
tein cholesterol and resulted in an increased high-density 
lipoprotein cholesterol/total cholesterol ratio.62 In this study, 
patients performing the highest amount of HI weekly exercise 
experienced more beneficial lipoprotein profile effects than 
other patients.62 Acute HI exercise has also shown favorable 
benefits for improving postprandial lipemia in patients. When 
equated for exercise energy expenditure, Trombold et al63 
reported that HI exercise was more effective than MI exercise 
(50% vs 90% Vo2 max) at lowering postprandial triglycerides 
and increasing postprandial fat oxidation. However, data in 
the literature conflicts regarding the effects of the intensity of 
exercise upon postprandial reductions in lipemia and chronic 
reductions in lipid sub-fractions.64–66 It is likely that discrep-
ancies in the various studies are related to prior exercise and 
dietary control, meal timing, and the energy expended by 
patients during the exercise bout.

Exercise Training Intensity and 
Cardiovascular Adaptations
Fitness and Vo2max
Maximal oxygen consumption is the criterion measure of 
cardiorespiratory fitness and is an independent predictor 
of mortality.67 Every increase in fitness of 1 metabolic unit 
(3.5 ml/kg/min increase in Vo2) is associated with high 
improvements (10%–25%) in patient survival.68 Regardless 
of the sample studied, HI exercise has the greatest impact 
on improving cardiorespiratory fitness in patients.26,29,30 
A review by Swain and Franklin26 concluded that greater 
improvements in Vo2 max are observed with HI exercise 
training compared with MI exercise training when exercise 
volume is held constant.

A recent meta-analysis that included 10 studies with 273 
patients (patients had coronary artery disease, heart failure, 
hypertension, metabolic syndrome, and obesity) concluded 
that there was a significantly higher increase in patient Vo2peak 
after HI interval training compared with traditional endurance 
training (∼9.1% increase in fitness, or approximately double the 
effects typically seen with MI exercise).69 The studies examined 
by the meta-analysis included training protocols of HI intervals 
of 4 minutes with 3-minute active recovery periods, 5 repeti-
tions of 3-minute intervals with 3-minute recovery periods, and 
30-second intervals with 60-second recovery periods.

Pioneering studies by the Gibala laboratory70,71 demon-
strated significant increases in markers of mitochondrial 
biogenesis following acute and chronic HI interval training. 
A key regulator of oxidative capacity is the peroxisome 
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proliferator-activated receptor-γ coactivator 1α, which 
plays a role in reducing oxidative stress and inflammation 
in patients, as well as improving glucose uptake.

Blood Pressure
Aerobic exercise training reduces resting and daytime ambu-
latory blood pressure (BP) by approximately 2.4 to 3.0 mm 
Hg in systolic blood pressure (SBP) and decreases diastolic 
BP by approximately 3.3 to 3.5 mm Hg.72 Exercise training 
reductions in SBP tend to be most pronounced in hypertensive 
subjects (a decrease of 6.9 mm Hg in SBP and 4.9 mm Hg in 
diastolic BP).72 The effects of differing training intensities on 
BP are equivocal. Cornelissen et al28 did not find a relationship 
between BP changes and training intensity in a recent meta-
analysis; the authors concluded that HI and MI exercise were 
equally effective. Additionally, both acute HI and MI exercise 
demonstrate sufficient reduction in patient BP after exercise 
(an effect known as post-exercise hypotension). However, a 
study of 16 stage 1 and 2 non-medicated hypertensive adults 
by Quinn et al73 measured BP for a 24-hour period and dem-
onstrated that patients sustained SBP reductions for 13 hours 
after acute HI exercise (75% of Vo2 max) compared with only 
4 hours following acute MI exercise (50% of Vo2 max).

Limited data suggest that low-volume HI interval exercise 
may be more beneficial for reducing patient BP compared 
with traditional endurance training. Molmen-Hansen et al74 
demonstrated an intensity-dependent decrease of 12 mm 
Hg in 24-hour ambulatory SBP in an interval training group 
of patients with essential hypertension compared with a 
decrease of 4.5 mm Hg in an MI training group. In this study, 
Vo2 max also improved by 15% in the interval training group 
compared with 5% in the MI training group.

Endothelial Function
Vascular endothelial dysfunction is a key early event in the 
process of atherosclerosis. Studies demonstrate that endo-
thelial dysfunction presents at all levels of the arterial tree 
in prediabetic adults; studies also report that experimental 
manipulations (eg, free fatty acid or glucose IV infusions) 
rapidly worsens vascular function.75–78 Several lines of 
research support the notion that postprandial dysmetabolism 
contributes to the pathogenesis of atherosclerosis.79 Even in 
healthy people, a single high carbohydrate meal increases 
the production of reactive oxygen species and nuclear factor 
κB activation in circulating mononuclear cells in # 2 hours. 
The deleterious effects associated with the consumption of 
meals high in carbohydrates or fats are exacerbated in obese, 
insulin-resistant subjects.80

In adults with metabolic syndrome, exercise training 
improves endothelium dependent vasodilation (FMD) of 
the brachial artery; results are dependent on the intensity of 
the exercise.16,81,82 Tjonna et al81studied patients with meta-
bolic syndrome and reported a 9% improvement in brachial 
artery FMD after 16 weeks of HI exercise compared with a 
5% improvement in FMD after isocaloric MI exercise train-
ing. The same authors recently demonstrated a sustained 
improvement in FMD for 72 hours post-exercise in a group 
of patients who underwent a 16-week aerobic HI interval 
training intervention compared with 24-hour post-exercise 
improvement in an MI training group.16,81

Exercise Training Intensity and 
Weight Loss
Weight loss is poorly maintained long-term when achieved 
through lifestyle intervention.83 An important review of the 
literature by Gaesser et al84 concluded that lifestyle inter-
vention independent of weight loss resulted in improved 
cardiometabolic risk for overweight and obese adults at risk 
for T2DM and cardiovascular disease.

Although exercise training has a variable impact on patient 
weight loss, studies show that it is a powerful strategy for 
the loss of abdominal visceral fat.29,84 Moreover, HI exercise 
appears to be superior to MI exercise for  reducing abdominal 
visceral fat. For example, in the STRRIDE study, patients in 
the high-volume HI exercise training group (≈20 miles/week of 
activity with 1 mile of jogging) had significantly higher reduc-
tions in abdominal visceral fat compared with patients in the 
low-volume MI or low-volume HI exercise training groups.85 
In a sample of obese women with metabolic syndrome, Irving 
et al29 showed that 16 weeks of HI exercise training signifi-
cantly reduced abdominal visceral fat; no significant changes 
abdominal visceral fat were observed in patients in the LI 
exercise training or non-exercise control groups.

One advantage to continuous HI exercise training 
programs that are calorically equivalent to ACSM/ADA 
guidelines is the potential for patient weight loss. For 
example, Irving et al29 reported significant reductions in 
total abdominal fat, abdominal subcutaneous fat, body mass, 
and waist circumference in addition to abdominal visceral 
fat loss. These parameters were not reduced post-training 
in the control or LI training groups. High-intensity exercise 
training is a potent stimulator of lipolytic hormones such 
as growth hormone and epinephrine; these hormones may 
augment post-exercise energy expenditure, fat oxidation, 
and lead to a larger energy deficit, all of which favors greater 
weight loss. It is unlikely that most low-volume minimal HI 
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exercise protocols would induce significant fat loss due to 
the low total caloric expenditure; however, this hypothesis 
has not been tested yet.

Safety Considerations
Currently, the literature reports no adverse effects of continu-
ous or interval-based HI exercise training. However, most HI 
exercise training studies are , 6 months in duration; longer 
trials must be performed to evaluate intervention safety and 
durability. Early studies using Wingate interval training used 
extremely strenuous protocols and may not be safe for or 
well-tolerated by prediabetic adults. Practical models of HI 
interval training, such as the program with 10 repetitions of 
60-second intervals (90% HRmax) proposed by Little et al21 
or the program of 4 repetitions of 4-minute intervals (90% 
HRmax) used by Wisloff et al,15 have a broader application 
for treating cardiometabolic risk factors in prediabetes and 
may be a more tolerable alternative to continuous HI exercise 
training programs.

Conclusion
When matched for total energy expenditure, HI exercise is 
associated with equal or superior improvements in patient 
metabolic and cardiovascular health compared with LI or MI 
exercise. Improvements in metabolic control, cardiovascular 
function, and visceral fat loss resulting from HI exercise 
also appear to be supported in the literature. Although the 
vast majority of the cardiometabolic benefits described in 
our review can be achieved with MI walking, traditional 
exercise training requires a considerable time commitment 
from patients. Patients may accrue similar benefits with HI 
exercise training, which represents a significant decrease 

in total weekly energy expenditure and may only require 
patients to exert approximately 250 kcal/week.

Many clinicians have previously discouraged HI exercise 
based on the premise that patients who are older, obese, or have 
cardiometabolic risk are unable to exercise at high intensities. 
However, with the advent of individual parameters of HI exer-
cise, recent studies demonstrated that HI exercise is tolerable 
in a number of clinical patient populations, such as patients 
with T2DM, prediabetes, heart failure, and old age.28,86

The majority of HI exercise training interventions are 
short in duration, which represents a significant gap in the 
literature; short interventions are especially prevalent in stud-
ies comparing traditional endurance training with low-volume 
interval training programs. Long-term studies are warranted 
to address unknown issues related to the sustainability of HI 
training programs and whether the long-term adaptations to 
HI exercise training programs remain superior to MI exercise 
training over time. Additionally, no studies demonstrate a 
reduced conversion of prediabetes to T2DM after HI exercise 
training interventions compared with LI exercise programs or 
metformin. Although these important studies must be under-
taken in the future, the literature contains sufficient data to 
support HI exercise as a potent and time efficient tool in reduc-
ing metabolic risk for patients with prediabetes, particularly 
for patients with limited time to commit to exercise.
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Table 1. Exercise Training Intensity and Cardiometabolic Risk 
Reduction in Prediabetic Adults

Variable MI Traininga HI Traininga

Fitness (Vo2 max) ↑ 26,29,30 ↑↑ 26,29,30,69

Endurance Capacity (Lactate Threshold) ↑ 29 ↑↑ 29,70,71

Postprandial Metabolic Control ↑ 40,41 ↑ 19,20,40

Insulin Sensitivity ↑ 40,51,52 ↑↑ 31,40,46–50

β-Cell Function ↑/– 58,59 ↑/– 58,59

Lipid Profile ↑ 62–66 ↑ 63

Blood Pressure ↑ 28,72 ↑↑ 73,74

Endothelial Function ↑ 16,81,82 ↑/– 16,81,82

Weight Loss ↑ 29,85 ↑↑ 29,85

Visceral Fat Loss ↑ 29,85 ↑↑ 29,85

a↑, Improved with aerobic exercise training and similar improvements observed 
with MI training vs HI training; ↑↑, improvements with HI training . MI training; –, 
no change with training or limited data comparing intensities. 
Abbreviations: HI, high-intensity; MI, moderate-intensity; Vo2 max, maximum oxygen 
consumption.
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