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Abstract

Sedentary lifestyle is one of the main factors that contribute to the 
development of diabetes. The amount recommended, in order to achieve 
an improved overall metabolic health, is at least 150 minutes of moderate-
intensity exercise weekly. However, due to the high volume prescribed, the 
adherence to this practice is not as good as expected, thereby increasing the 
incidence of sedentary lifestyle and diabetes. Here, we show the impact of 
reducing the recommended amount of exercise by 40% (90 minutes/week) on 
cholesterolemia and glycemia among diabetic individuals. 13 diabetics (men 
and women), divided into two groups: untrained (n=6) and trained (n=7) (mean 
age 45.3±3.9). The trained group was submitted to the practice of aerobic 
exercise on a treadmill, three times a week (70–80% MHR), for 30 min/day, 
for 8 weeks. Subsequently, were analysed glucose levels, glycated hemoglobin 
A1C (HbA1c), total cholesterol and its fraction (LDL-c, VLDL-c, HDL-c) and total 
triglycerides (TG). Ninety minutes per week of moderate-intensity exercise 
was effective in controlling blood cholesterol by reducing the total cholesterol 
and LDL-c fraction. Furthermore, it was observed that this amount of exercise 
promoted a reduction in hyperglycemia from the first session until the end 
of the experiment. Fasting glycemia was reduced after the fourth week of 
training, even without changes in the adiposity. In conclusion, 90 minutes of 
moderate intensity exercise a week, spread over 3 nonconsecutive days of 30 
minutes of exercise, can improve the lipid profile and glucose homeostasis in 
diabetic patients, even without a reduction of adiposity.

This study was registered under ClinicalTrials.gov with the identifier code 
number: RBR-8mwkyq

Introduction
Physical inactivity is a major cause of death worldwide1. 

According to the Centers for Disease Control and Prevention, from 
the second half of twentieth century non-communicable chronic 
diseases, such as cardiovascular disease, cancer, nonalcoholic fatty 
liver and diabetes, became the first cause of mortality2. One of these 
noncommunicable chronic diseases, triggered by inactivity, is type 
2 diabetes mellitus (T2DM). About 451 million people with T2DM 
around the world and prevalence will increase to 693 million in 
2045. Also, the International Diabetes Federation estimated that 
49.7% of the people have diabetes but are undiagnosed3. 

T2DM is characterized by resistance to the action of the 
hormone insulin, initially characterized by hyperinsulinemia. The 
perpetuation of this state leads to an increase of glycemia and 
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triggers several consequences for health, in particular 
the formation of Advanced Glycation End-product (AGEs), 
hypertriglyceridemia, dyslipidemia, cholesterolemia 
and an increase of LDL-c4. Consequently, it is essential to 
establish strategies to reduce the impact of hyperglycemia 
on the health of diabetics. The high number of diabetics is 
directly related to the high number of sedentary people. In 
2013, 8.3% of the world population (382 million people) 
was diagnosed as being diabetic, and in 2012 and 2013, 1.5 
to 5.1 million people died as a result of this disease, making 
this condition the 8th biggest cause of death in the world. 
By the year 2035, it is estimated that 592 million people 
will have died from chronic hyperglycemia5,6. 

It is very well known that regular physical exercise 
promotes increased glucose uptake by muscle tissue and 
inhibits hepatic gluconeogenesis; thus, this practice is an 
important tool in the control of blood glucose7,8. According 
to the American College of Sports Medicine (ACSM) and the 
American Diabetes Association (ADA), it is recommended 
for individuals with T2DM minimal 150 minutes per week 
of moderate (50%-70% of an individual’s maximum heart 
rate (MHR)) or vigorous physical activity (>70% of an 
individual’s MHR) in order to obtain total health benefits 
and healthy weight and cannot have long intervals between 
the sessions (more than 2 days between workouts)9. Also, 
multicomponent exercise should be included into the 
session of exercise such as resistance training, flexibility 
among others10,11.

Unfortunately, because of the amount of exercise 
required, these guidelines are challenging, since this 
level of physical exercise and its adherence remains low 
worldwide1. Thus, there is a clear need to develop training 
protocols that enable diabetic people, regardless of age, 
sex, body weight or fitness level, to perform exercises often 
to control glycemia12. It was recently shown that a drastic 
reduction in exercise volume accompanied by increased 
exercise intensity is sufficient to obtain similar results to 
those found after long-term exercise in terms of aerobic 
metabolism and energy homeostasis control12,13. In this 
context, since much of the population does not have the 
available time to perform physical exercise, this study 
aimed to reduce the training volume by 40% proposed by 
the ACSM9 and assess the impact of 3 nonconsecutive days 
(30 min / day) of moderate-intensity exercise and check if 
the reduction of the training volume can improve the serum 
chemistry profile, complete blood count characteristics 
and glycemic control in diabetic individuals.

Methods

Participants 
Forty six patients were recruited from Unity Health 

Center II in the city of Sumaré, Sao Paulo/Brazil. Fourteen 
patients were eligible to participate in the study and 

thirteen completed all the experimental procedures (Figure 
1). Firstly, similar to other’s studies from our laboratory 
and the work of Dantas and colleagues14, a prior sample 
size calculation was utilized, indicating that at least 7 
participants were required, based on an α level established 
at 0.05 of significance. Therefore, thirteen patients were 
divided into two groups, randomly assigned, with six in the 
untrained groups (3 males and 3 females) and seven in the 
trained groups (3 males and 4 females), with an age range 
of 40 to 55 years old. The exercised group was authorized 
for medical clinic to practice exercise. To be included in the 
study, patients had to be voluntary, overweight (body mass 
index = above 25 kg/m²), sedentary and diagnosed with 
T2DM. The criteria adopted for the sedentary condition 
were to practice less than 150 minutes of moderate physical 
activity per week15. 

For this, all participants had to present blood glucose 
equal to or above 130 mg/dL, not be participating in 
another study, not be performing exercise regularly and be 
overweight. Because they were diabetic, seven participants 
were taking Metformin or Glycemin. Four of the evaluated 
patients were diagnosed with hypertension, which was 
clinically controlled by taking hypotensive drugs, such 
as: Captopril, Furosemide or Enalapril. Five patients had 
SBP (systolic blood pressure) above 139 mmHg and DBP 
(diastolic blood pressure) above 89 mmHg. The criterion 
for exclusion from the program was the absence from 
training sessions or any pre-scheduled evaluation.

Ethical approval

The study was conducted in accordance with the 
guidelines of the University of Campinas for clinical trials. 
All participants invited onto the program, after the stages 
and procedures for the research protocols being explained, 
signed an informed consent form, which was approved 
by the university’s Ethics Committee (protocol number: 
722/2010), following all the ethical research standards 
that resolution 196/96 recommends and was registered 
in the Brazilian Clinical Trials Registry (ReBec) (Register 
Number: RBR-8mwkyq) such as a no blindness, clinical 
trial of prevention, open and single group, an appropriate 
registry according to the World Health Association (WHO). 
The authors confirm that all of the experimental protocols 
were approved by the University of Campinas (UNICAMP). 

Evaluated Parameters and Biochemical parameters

Body weight and height were measured at the baseline 
and Week 8 assessment for all participants and they were 
weighted during each exercise session for the intervention 
group. Body Mass Index (BMI) was calculated using the 
Quetelet formula (body weight divided by height squared). 
Waist-to-hip ratio (WHR) was measured in the first and 
after the last week (8th week) of the experiment for both 
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groups. Heart rate (HR) was measured using a cardiac 
frequency Polar® CS100 model for intensity control; it 
was evaluated during all 24 exercise sessions. Glucose 
level was analysed before, during and after each of the 24 
physical exercise sessions (5min before exercise; 15min 
during exercised and 15min after finishing) and it was 
measured using a portable OneTouch Ultra® tagmonitor. 
The blood collections were made removing a drop of 
blood from the finger with a disposable needle using basic 
safety procedures before the first exercise session (session 
number 1) and after the last session (session number 24). 
For the biochemical analyses (related to table 1 and Figure 
3), the blood from each participant in both groups was 
collected after 12 hours of fasting. 

Experimental Design
For this experiment, a physical training program 

of aerobic exercise, with three weekly nonconsecutive 
sessions, lasting 30 minutes each, was prepared. There 
was an interval of 48 hours between each session and 
all sessions took place in the morning. The training 
protocol consisted of 30 minutes of exercise on a treadmill 
(Moviment® model RT-400 PRO), performed 3 times a week 
for eight weeks, making a total of 24 sessions of moderate 
exercise at the end of the experiment. Each exercise session 

comprised a 30-minute walk with an established intensity 
of between 70 and 80 % of MHR. The calculation to find the 
MHR percentage was based on a mathematical prediction 
protocol adjusted for age (220 - age)16. The participants 
were adviced to stop the exercise any time if they feel any 
discomfort. All exercise sessions were performed in the 
morning after each participant had consumed their usual 
breakfast at a predetermined time. In order not to have the 
bias of the intervention of medication and or food intake, 
no changes in the medicine and food consumption were 
suggested for both groups (trained or untrained control 
group). Also, all participants were informed every week 
to do not performing any type of exercise during the rest 
period. According to “The American College of Sports 
Medicine and the American Diabetes Association” patients 
with blood glucose levels higher than or equal to 300 mg/
dl need more attention during the physical activity11. Thus, 
thinking in not to create a risk to the participant, patients 
with blood glucose levels higher than or equal to 300 mg/
dl did not perform physical activity. All participants had a 
warm-up and the cool-down period and they performed the 
exercise sessions at the same time, which were scheduled 
in advance. All experimental procedures can be observed 
in the experimental design illustration in Supplementary 
Figure 1.

Assessed for eligibility (n=46) 

Excluded  (n= 32) 
� Not be Sedentary (n=5) 
� Not be overweight equal or above 25kg/m2    

(n= 2) 
� Not be Blood glucose equal or above 

130mg/dL (n=3) 
� Refused to participate (n= 22) 

Randomized to practice exercise trained (n= 8) 
�  Received allocated intervention (n=8) 
�  Did not receive allocated intervention (n=0) 

 
 

Allocation 

Analyzed 
 

Randomized (n= 14) 

Enrollment 

Follow-Up 
Lost to follow-up (missed blood collection in the 
end of training) (n=1) 

Discontinued intervention  (n=1) 

 

� Analysed  (n= 7) 
Excluded from analysis (missed blood collection 
in the end of training) (n=1) 

� Analysed  (n= 6) 
Excluded from analysis  (n=0) 

 

Randomized to control group (n= 6) 
�  Received allocated intervention (n=0) 
�  Did not receive allocated intervention (n=6) 

 
 
Lost to follow-up (n=0) 

Discontinued intervention  (n=0) 

 

Figure 1. CONSORT diagram for trial.
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Statistical Analysis
The distribution of data was previously verified by 

Bartlett’s test for equal variances, and the data are presented 
as mean and standard deviation (SD). The analysis was 
performed using Statistic version 6.0 or GraphPad Prism 
software test. When necessary were performed using the 
Student’s t-test, one-way or two-way ANOVA with repeated 
measures, and subsequently the Bonferroni post hoc test 
was used. P lower than or equal to 0.05 was considered 
statistically significant.

Results
Initially, the anthropometric profiles of all participants 

were analyzed. For demographic profiles, male and 
female participants, aged 40–55 years, were analyzed 
(Supplementary Table 1). Comparative analyses were 
performed between the first and eighth week of training. 
There was no statistical difference in the body weight, 
BMI, waist, hip and waist-to-hip ratio of the participants 
(Supplementary Table 1). However, when assessing the 
slope of the curve related to weight gain, it was observed 
from the inclination of the body weight evolution curve 
(k) that at the end of the experimental period, the trained 
group had a body weight decay rate of about 0.002%. This 
decay was not significant, but if this protocol lasted longer, 
it could lead to a possible change in body composition 
(Supplementary Figure 2). On the other hand, due to 
the fact that no changes in body weight were found, it is 
important to demonstrate the exact effects of exercise on 
body composition.

The concentrations of HbA1c, total cholesterol and its 
fractions (VLDL-c, LDL-c and HDL-c) and TG were assessed 
before and after the exercise protocol in a fasting condition. 
At baseline, no difference was observed in these parameters 
for both groups (Table 1). On the other hand, was found 
a reduction on LDL-c fraction into the untrained control 
group when compared to the baseline (Table 1). At the end 
of the 8 weeks of training, even without changes in body 
weight and HbA1c, it was observed that the training group 
(which performed 90 minutes of aerobic exercise a week) 
decreased their total cholesterol by 20% and LDL-c by 30% 
and thus showed lower cholesterolemia in the last week of 

training (Table 1). Also, it was observed that the trained 
group showed a reduction of the fasting glucose comparing 
the baseline analysis. The untrained group showed no 
differences in the fasting glucose values throughout 
the experiment, comparing the baseline analysis (data 
collected before the first exercise session) with the data 
collected after the last exercise session (Table 1). 

During the training, when the trained group was 
evaluated, firstly it was observed that the blood glucose 
concentration was decreased during and after all 24 
exercise sessions, comparing baseline (rest period) with 
the data of the same day (Figure 2A). Also, was noticed a 
significant reduction in blood glucose in the (S) S6, S8, S9, 
S11, S12, S14, S15, S17, S19, S23 and S24 sessions when 
compared to glucose analysis performed in the basal 
condition (Figure 2D). Furthermore, it was observed that 
there was a reduction in glycemia when compared to the 
S8 and S21 sessions (Figure 2B). We also found the same 
reduction in blood glucose levels during the exercise 
session in the S8, S9, S11, S21, S23 and S24 sessions (Figure 
2C). Also, the analyses of fasting glucose showed that the 
trained group reduced the glycaemia when compared to 
the baseline point and also after comparing the trained 
participants with untrained (Figure 3). The area under 
the blood glucose curve each time (before, during and 
after) was analyzed and no difference was found (data not 
shown). Further, after comparing the effect of only 40% 
of exercise recommended volume between untrained and 
trained individuals, it was observed that the trained group 
showed lower blood glucose compared to the untrained 
group. Thus, demonstrating the effectiveness of the 
proposed training protocol controlling glycemia of diabetic 
participants, even without reduction of body weight 
(Figure 3).

Discussion
Since the number of cases of T2DM is currently reaching 

alarming rates, it is very important to investigate more 
suitable exercise practices for the population in order to 
promote health benefits for diabetic patients. Important 
guidelines postulate that the beneficial effects of exercise 
are found from 150 minutes of moderate exercise per week, 
divided into 5 sessions of 30 minutes, without exceeding 

Table 1. Biochemical characteristics of Untrained and Trained groups. The distribution of data was previously verified by Bartlett’s test for 
equal variances, and the data are presented as mean and standard deviation (SD). 

Untrained group (n=6) Trained group (n=7)
Before After 8 Weeks P value Before After 8 Weeks P value

HbA1c (%) 7.5±2.0 8.3±3.2 0.311 5.8±1.4 5.2±1 0.214
Total Cholesterol (mg/dL) 254.8±54.1 203.7±45.5 0.053 195.7±18.7 159.4±19.8 0.002*
LDL-c (mg/dL) 161.7±50.9 110.5±40.4 0.041* 112.3±22.2 78.7±11.3 0.002*
HDL-c (mg/dL) 56.5±8.7 53.0±12.0 0.288 57.7±12.3 59.6±8.0 0.372
VLDL-c (mg/dL) 36.7±14.8 39.2±13.5 0.383 25.7±19.1 20.3±7.4 0.250
TG (mg/dL) 183.3±74.2 198.0±67.2 0.363 128.4±95.3 102.9±37.3 0.261
Glycemia (mg/dL) 198.2±80.3 169.2±50.9 0.1419 136.0±32 104.1. ±21 0.046*
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intervals of more than 48 hours between each activity 
session. 

Knowing that a huge proportion of the population 
does not exercise because of the time it takes7, this study, 
in an attempt to increase the adherence of the diabetic 
population to regular physical exercise, proposed to reduce 
by 40% of the exercise volume suggested and to evaluate 90 
minutes of aerobic training per week and assess its effects 
on the glucose homeostasis, lipid profile, blood count 
and anthropometric profile of diabetic T2DM patients. 
From these results, we showed that 90 minutes of aerobic 
training per week, divided into 3 sets of 30 min/d for 8 
weeks, reduces fasting hyperglycemia, total cholesterol 
and LDL-c. Thus, we provide evidence that shorter exercise 
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Figure 2. Effects of exercise on glucose levels. (A) Figure A shows the glucose curve throughout the experiment and before starting 
the exercise session (15 min before in rest state) (a), during the exercise (15 min after starting the exercise) (b) and after each exercise 
session (15 min after exercise session) (c). S = session. The others show the glucose levels before (B), during (C) and after (D) physical 
exercise. In graphics c and d there are two comparisons; both of these are being compared with basal glycemia (the first glycemia 
analyzed in the experiment, before starting the first exercise session). Data were expressed using two-way ANOVA as mean ± S.E.M. 
using p<0.05. *means different from basal or the first (S1) session of glycemia level.
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p<0.05. *means.
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protocols can be effective in the treatment of disorders 
associated with T2DM.

Initially, participants were asked to perform 40% of the 
exercise amount proposed by the editorial board, divided 
into three weekly sessions of 30 min/d for 8 weeks. At the 
end of the experimental protocol, body composition was 
assessed and no exercise effect was verified. However, when 
assessing the behavior of the curve related to body weight, 
we observed a low probability of achieving a reduction 
in body mass if the experimental protocol training was 
extended. 

It’s known that reduced adiposity can delay the diabetes 
progression17. Some studies have reported that weight-
loss around 5% per year improve the glycaemia in obese 
people17,18. The fact that the individuals did not show a 
reduction in body weight can be explained, in part, by the 
low volume and intensity of training and because there 
was no interference in the eating habits of the individuals. 
Also, we do not exclude the possibility that a large period 
of training could be more effective in reducing the body 
weight. Winding et al; noticed that high-intensity interval 
training after 11 weeks of intervention reduced body 
composition including fat mass, visceral fat mass, HbA1c 
and, consequently, the glucose levels in T2DM patients19. 
In this line, four different groups of individuals submitted 
to physical exercise with different volumes and different 
intensities were compared, and from these results, the 
authors suggested that the volume may be more important 
than the intensity when the main goal of the protocol is 
weight loss20. Donnelly and colleagues21 proposed that the 
amount of exercise required in order to reduce adiposity 
should be 200–300 minutes per week. However, exercise 
will not always lead to reduced body weight. Pontzer and 
colleagues22 showed in different populations that exercise 
can trigger reductions in basal energy expenditure leading 
to an effective energy control. These findings corroborate 
our study and enable us to provide evidence of why the 
trained group showed no significant weight loss. Also, an 
important point to highlight is the period of training. Here 
we trained the participants during 8 weeks. 

The fact that the participants did not present a change 
in body weight makes the training protocol used even 
more effective in controlling hypercholesterolemia and 
hyperglycemia in diabetics. These results corroborate the 
systematic review of Bray et al.23, which emphasizes that 
even with no changes in the volume of adipose tissue, 
there is a possibility of physical exercise affecting the 
body directly and promoting benefits in terms of glucose 
homeostasis. Additionally, the authors suggest that 
training volumes of between 30 and 45 minutes per day 
should be undertaken to prevent obesity. Also, recently, 
our group reported that short-term training (fifteen days) 
was enough to decrease obesity-related lipogenesis and 

hepatic inflammation improving hepatic insulin sensitivity 
and glycaemia independent od weight loss in obese mice24. 
Taking all this information together, it is suggested that 
exercise may offer other benefits besides weight loss8. 
Therefore, it is stated that the training protocol proposed 
in this study is effective in controlling hyperglycemia in 
diabetic patients regardless of body weight change. Also, 
although we did not measure other metabolic health 
parameters, it is known that exercise can be a benefit for 
the whole body reducing chronic disease even if there is no 
weight-loss25.

The studies of Rivellese et al.26 and Matheus et al.27 
have shown that heart disease is the leading cause of 
death in diabetic patients. Therefore the practice of 
physical exercise becomes important, because during 
exercise there is an increase in lipoprotein lipase activity 
and uptake of VLDL-c, promoting an increased level of 
HDL-c and decreasing LDL-c and TG28. The results of our 
research showed that the practice of planned exercise 
was not able to reduce levels of TG, VLDL-c and HDL-c. 
On the other hand, this protocol was effective in reducing 
LDL-c and total cholesterol levels. Among the fractions 
of total cholesterol, LDL-c has a fundamental role in the 
development of cardiometabolic diseases and has a strong 
correlation with mortality rates from cardiovascular 
disease29. Therefore, exercise protocols that reduce these 
lipoproteins are important for dyslipidemic participants. 
The present results on the serum lipid profile showed that 
90 minutes of exercise weekly really does not promote 
all the same benefits generated by the practice of 150 
minutes of regular physical exercise. However, 90 min/
week of moderate exercise was effective in reducing the 
total cholesterol level and LDL-c, resulting in benefits for 
the cardiovascular health of diabetic individuals. This is 
important for a clinical prescription. 

As regards the glycemic profile, it is known that regular 
exercise promotes metabolic control in diabetic patients, 
an important component in the treatment of DM211. In 
humans and animal models, aerobic training increases 
glucose uptake stimulated by insulin30,31 and decreases the 
secretion of insulin in response to elevated blood glucose 
levels32, thereby contributing to fine control of glycemia. 
The reduction in fasting hyperglycemia is linked to insulin 
sensitivity, mainly in the muscle and liver tissues, as these 
two tissues are responsible for about 60% of all glucose 
metabolism33. In this way, exercise can act on the liver, 
reducing gluconeogenesis 7, and on the muscle tissue, 
increasing glucose uptake34. Furthermore, many studies 
have shown the effects of exercise in controlling fasting 
glycemia regardless of changes in body weight35,36. 

Conclusion
It was observed that 90 min/week of moderate exercise 
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reduced fasting hyperglycemia. Firstly, it was observed that 
during exercise a reduction of hyperglycemia, compared to 
baseline levels, could be observed from the second exercise 
session. In addition, in basal state, the reduction of fasting 
glycaemia was observed after 4 weeks of training and also 
after comparing the trained participants with untrained at 
the end of the experiment, indicating the effectiveness of 
the proposed protocol. These findings can be helpful to the 
scientific community because they show that for glycemic 
control, 90 minutes weekly of moderate aerobic exercise 
can be applicable to T2DM participants.
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Supplementary Figure 1. Study’s experimental design. This illustration displays variables collected in the period before initiating the 
experimental protocol (pretest), such as stature, weight, BMI, circumference and blood samples; the blood glucose collected before, 
during and after each exercise session; and the variables that were collected at the end of the experiment, after eight weeks of training 
(post training), such as stature, weight, BMI, circumference and blood samples can be found.

Supplementary Figure 2. Monitoring of body weight during whole experiment. All participants were weighed before each exercise 
session. The results were analyzed by calculating the body weight decay trend curve (k angle). The k angle was calculated by the formula 
(0.0693/t1/2) × 100 and expressed in %. The t1/2 was calculated by curve least squares analysis of body weight measured during the 
whole experiment using Microsoft Excel software 2007.
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Supplementary Figure 3

Supplementary Figure 3. Effect of exercise protocol in glycaemia between men. Effects of exercise on glucose levels. (A) Figure A shows 
the glycaemia before starting the exercise session (15 min before in rest state) and after each exercise session (15 min after exercise 
session). W = Week. Figure (B) shows the fasting glucose, (C) Glycated hemoglobin (HbA1c), (D) Total cholesterol, (E) Low density 
lipoprotein cholesterol (LDL-c), (F) HDL-c (High density lipoprotein cholesterol), (G) Very low-density lipoprotein cholesterol (VLDL-c) and 
(H) Total triglycerides (TG). Comparative between Untrained control group vs Trained group before and after the last week of training. 
Data were expressed using two-way ANOVA as mean ± S.E.M. using p<0.05. *means different from the first (W1) week (Before) of 
glycemia level (Related Fig S3A). *<0.05 vs. Untrained group. Data were expressed using Student’s t-test as mean ± S.E.M. using p<0.05. 
*means (related Fig S3 B-H).
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Supplementary Figure 4

Supplementary Figure 4.  Effect of exercise protocol in glycaemia between women. Effect of exercise protocol in glycaemia between men. 
Effects of exercise on glucose levels. (A) Figure A shows the glycaemia before starting the exercise session (15 min before in rest state) 
and after each exercise session (15 min after exercise session). W = Week. Figure (B) shows the fasting glucose, (C) Glycated hemoglobin 
(HbA1c), (D) Total cholesterol, (E) Low density lipoprotein cholesterol (LDL-c), (F) HDL-c (High density lipoprotein cholesterol), (G) Very 
low-density lipoprotein cholesterol (VLDL-c) and (H) Total triglycerides (TG). Comparative between Untrained control group vs Trained 
group before and after the last week of training. Data were expressed using two-way ANOVA as mean ± S.E.M. using p<0.05. *means 
different from the first (W1) week (Before) of glycemia level (Related Fig S3A). *<0.05 vs. Untrained group. Data were expressed using 
Student’s t-test as mean ± S.E.M. using p<0.05. *means (related Fig S3 B-H).
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Supplementary Table 1. Demographic and anthropometric characteristics of Untrained or Trained diabetic patients.

Untrained group (n=6) Trained group (n=7)
1-Week 8-week P value 1-Week 8-week P value

Sex (M/F) 2/4 - - 3/4 - -
Age 49.8 - - 45.3±3.9 - -
Height (m) 1.61 - - 1.63±0.1 - -
Body weight (kg) 87.05±14.4 87.25±14.5 0.9813 89.09±22.0 88.33±22.7 0.475
BMI (kg/m2) 33.38±4.3 33.44±41 0.9814 33.44±8.6 33.17±8.6 0,477
Waist (cm) 101.08±7.3 101.42±8.5 0.9434 95.57±14.0 95.86±13.3 0.485
Hips (cm) 110.75±15.0 110.5±14.1 0.9768 112.21±20.0 112.14±19.3 0.497
WHR (Waist/Hips ratio) 0.92±0.1 0.93±0.1 0.9768 0.85±0.1 0.86±0.09 0.369
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