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eAppendix 1. Strategy implemented to train and select physicians and exercise specialists 
involved in the IDES study 
In order to improve efficacy and safety of exercise intervention and patient adherence in the IDES, a 

specific strategy was implemented in 2002 for training and selecting a group of physicians 

(diabetologists) and exercise specialists for this study. Exercise professionals were also certified for 

supervising exercise sessions dedicated to patients suffering from metabolic abnormalities/disorders 

including insulin resistance, type 2 diabetes, obesity and the metabolic syndrome. All the activities 

indicated below were proposed and managed by the Metabolic Fitness Association 

(www.metabolicfitness.it). 

A. Diabetologists training path 

This training path concerned the following aspects: 

1. role of physical activity/exercise in healthy subjects and in patients suffering from metabolic 

abnormalities/disorders; 

2. biochemical and molecular bases of physical activity/exercise under normal and metabolic 

disease conditions; 

3. prescription of an exercise intervention to patients suffering from metabolic 

abnormalities/disorders; 

4. administration of a structured exercise counselling to these subjects. 

Only registered physicians working in outpatient diabetes clinics were contacted by means of a 

structured interview. Of the approximately 2,000 diabetologists interviewed, 69 accepted to 

participate in the course. Total duration of the course was 4 months, with two-day on site 

educational sessions every two months. This was followed by a further 4-month e-learning phase, in 

which participants reviewed and discussed the main concepts addressed in the previous meetings 

and filled in an interactive questionnaire. At the end of this path, 25 diabetologists participated as 
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tutor diabetolgists in seminars all over in the country aimed at increasing the awareness of the 

importance of physical activity/exercise as a preventive and therapeutic measure in type 2 diabetes 

and other metabolic abnormalities/disorders. 

B. Exercise specialists training path 

This training path concerned the following aspects: 

1. basics of exercise physiology;  

2. introduction to metabolic abnormalities/disorders, including the role of lifestyle and physical 

activity/exercise intervention in their management (indication and contraindication); 

3. assessment of physical fitness in patients suffering from these abnormalities/disorders; 

4. supervision of exercise session for these subjects, including monitoring of fitness and clinical 

parameters (blood glucose and blood pressure levels). 

Only professionals with at least a Bachelor degree in exercise science were admitted to the courses. 

Five courses with 20-30 participants in each course for a total of 120 were held from 2002 to 2004. 

Total duration of each course, from enrolment to final certification, was 4 months. Each course 

consisted of a 2-day session of face to face education, followed by a 4-month phase of e-learning 

and another 2-day session educational and practicum. At the end of the course, participants were 

examined by means of a 40-item questionnaire covering all the topics addressed during the course 

and were eventually certified. 

At the end of the training process, diabetologists from 22 outpatient diabetes clinics and exercise 

specialists from 20 metabolic fitness centres connected with these clinics were selected for 

participation in the IDES. Subsequently, 3 metabolic fitness centres were identified for setting up 

tests of physical fitness and protocols of supervised mixed (aerobic plus resistance) exercise 

sessions (see eAppendix2). Finally, these tests and protocols were disseminated to the other 

metabolic fitness centres through on-site visits. During these visits, a group of exercise 
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professionals and physicians showed on sample patients how to perform tests of physical fitness and 

supervise exercise sessions.   
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eAppendix 2. Methods for the assessment of physical fitness 
Parameters of physical fitness, i.e. cardio-respiratory fitness, strength and flexibility, were evaluated 

at baseline and at the end of the study by the estimation of VO2max, a 5-8 maximal repetition (MR) 

test and a standard bending, respectively. In the EXE Group, measurements were performed also 

during the study period, in order to adjust the training loads according to improvements in fitness 

parameters. 

Cardio-respiratory fitness. Assessment of cardio-respiratory fitness consisted of a sub-maximal 

VO2max evaluation, i.e. at 80% of the predicted maximal heart rate (MHR = 220 – age). It has been 

preferred to a maximal test, because (a) the latter cannot be performed without a cardiologist, 

according to the Italian law; (b) heart rate varies linearly with VO2 to the point of maximum 

exertion, thus allowing extrapolation of the actual VO2max value. The test was preceded by two 

consecutive run-in sessions to become familiar with testing devices and protocols, based on the 

results of a pilot study showing that tests executed during the first visit have a very low reliability, 

which increases significantly with tests executed at the third visit. All patients performed the test at 

the treadmill, which has been preferred to the cyclo-ergometer to avoid early muscle exhaustion in 

untrained subjects, using a protocol modified form the Balke and Ware procedure [1] (eTable 1), 

with direct oxygen consumption analysis and concurrent assessment of heart rate. According to our 

protocol, patients walked two minutes at the speed of 4.3 Km/hour at 0 % gradient (warm-up), 

wearing the mask of a gas exchange analyzer FitMate by Cosmed (Rome, Italy). Then, protocol 

proceeded automatically through the steps indicated in eTable 1 and terminated when the patient 

reached the 80% of the predicted MHR and the metabolic fitness instructor stopped the procedure 

using the dedicated key function on the gas analyzer. In the case of patients taking medications that 

affect heart rate, such as β-adrenergic blockers, the Borg Rate of Perceived Exertion scale was used 

(version 1-10). Patients were stopped at the perceived value of 5-6 (hard) because, according to 
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ACSM’s guidelines, this value corresponded to a heart rate of 70-89%. Test duration ranged from 5 

to 15 minutes. In the EXE group, this protocol was repeated every three months with the same 

modalities and monthly without direct readings of oxygen consumption, in order to adjust the 

training load throughout the exercise period. For every step exceeding the previous evaluation, the 

predicted VO2max  was incremented of 2 ml of oxygen and the training load was increased 

accordingly.   

Strength. For strength assessment, a repetition maximum (RM) test was performed with the 

following modalities thrust movement on the transverse plane (chest press or equivalent), traction 

movement on the frontal plane (lateral pull down or equivalent), and squat movement (leg press or 

equivalent). The 1RM test is the most reliable test for evaluating the maximal dynamic strength of a 

muscle or group of muscles. However, due the very low fitness profile of patients enrolled in this 

study, a MR test (or 5-8 RM test) has been preferred, for safety (to avoid maximal loads to the joint 

structures) and validity (untrained subjects are not always able to properly reach their 1RM) 

reasons. One-RM was then predicted from the weight loaded and the number of repetitions executed 

after a proper warm up using the Brzycki formula [2]. Results were expressed as upper body 

(average of thrust movement and lateral pull down) and lower (leg press) body strength. In the EXE 

group, the MR test (with 5-8 repetitions) was repeated every three months with the same testing 

machine to adjust the training load throughout the exercise period. 

Flexibility. For hip and trunk flexibility assessment, a standard bending test was executed. Standing 

on a step with legs fully extended, patients were asked to bend the torso forward to try to touch the 

ground with their fingertips. The test was performed three times and the distance between the finger 

and the ground was measured by the exercise specialist at the third attempt. 

1. Balke B, Ware R. An experimental study of physical fitness of Air Force personnel. US Armed 

Forces Med J 1959; 10(6):675-688 
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2. Brzycki M. Strength testing – predicting a one-rep max from reps to fatigue. J Physical 

Education, Recreation & Dance 1993; 64(1):88-90 
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eTable 1: Modified Balke and Ware Protocol. 

Step Duration Speed Gradient 
1 1 min. 4,3 Km/h 0 % 
2 1 min. 4,3 Km/h 2 % 
3 1 min. 4,3 Km/h 3 % 
4 1 min. 4,3 Km/h 4 % 
5 1 min. 4,3 Km/h 5 % 
6 1 min. 4,3 Km/h 6 % 
7 1 min. 4,3 Km/h 7 % 
8 1 min. 4,3 Km/h 8 % 
9 1 min. 4,3 Km/h 9 % 
10 1 min. 4,3 Km/h 10 % 
11 1 min. 4,3 Km/h 11 % 
12 1 min. 4,3 Km/h 12 % 
13 1 min. 4,3 Km/h 13 % 
14 1 min. 4,3 Km/h 14 % 
15 1 min. 4,3 Km/h 15 % 
16 1 min. 4,3 Km/h 16 % 
17 1 min. 4,3 Km/h 17 % 
18 1 min. 4,3 Km/h 18 % 
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eTable 2. Baseline characteristics of patients. 

 EXE CON P value a 
Gender, % (M/F) 59/41 57/43 0.56 
Age, years 58.8±8.6 58.8±8.5 0.99 
Schooling, %   0.62 
Primary School  26.0 21.5  
Intermediate School 31.9 34.2  
Secondary School 35.8 37.0  
Degree 6.3 7.4  
Employment, %   0.77 
Employed 43.9 42.7  
Retired 33.1 36.7  
Housewife 20.9 18.2  
Unemployed 2.2 2.4  
Marital Status, %   0.85 
Never Married 4.0 3.6  
Married/Living Together 86.1 85.1  
Separated/Divorced/Widowed 9.9 11.3  
Smoking, %   0.48 
Never 63.4 65.0  
Former 18.2 14.5  
Current 18.5 19.5  
First-degree relatives with diabetes, % 65.7% 67.7 % 0.61 
Diabetes duration, years 6 (3-10) 6 (3-10) 0.24 
Diabetic complications, n (%)    
Myocardial infarction 19 (6.3) 17 (5.6) 0.86 
Coronary revascularization 15 (5.0) 14 (4.6) 0.85 
Diabetic foot ulcer 13 (4.3) 13 (4.3) 1.00 
Background retinopathy 49 (16.2) 46 (15.2) 0.82 
Microalbuminuria 49 (19.6) 62 (23.5) 0.32 
Macroalbuminuria 10 (3.3) 5 (1.6) 0.090 
Abbreviations: EXE = exercise group; CON = control group. 

a t-test for normally distributed continuous variables, Mann-Whitney test for nonnormally 

distributed continuous variables, χ2 test for categorical variables. 
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eTable 3. Changes (Δ) in HbA1c (%) according to baseline HbA1c values. 

Baseline HbA1c <6.5 6.5-7.5 7.5-8.5 >8.5 
No. EXE 113 80 55 48 
No. CON 104 84 43 36 
Delta HbA1c EXE -0.07 -0.29 -0.68 -1.9 
Delta HbA1c CON +0.38 0.07 -0.39 -1.3 
Mean difference -0.31 

(-0.14;-0.44) 
-0.36 
(-0.15; -0.58) 

-0.29 
(-0.70; 0.12) 

-0.56 
(-1.36; 0.25) 

P value a 0.001 0.001 0.16 0.17 
Abbreviations: HbA1c = hemoglobin A1c; EXE = exercise group; CON = control group. 

a t-test. 

 

 

 

 

 


