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Background: This study aimed to assess the efficacy of
an intensive exercise intervention strategy in promoting
physical activity (PA) and improving hemoglobin A1c

(HbA1c) level and other modifiable cardiovascular risk fac-
tors in patients with type 2 diabetes mellitus (T2DM).

Methods: Of 691 eligible sedentary patients with T2DM
and the metabolic syndrome, 606 were enrolled in 22 out-
patient diabetes clinics across Italy and randomized by
center, age, and diabetes treatment to twice-a-week su-
pervised aerobic and resistance training plus structured
exercise counseling (exercise group) vs counseling alone
(control group) for 12 months. End points included HbA1c

level (primary) and other cardiovascular risk factors and
coronary heart disease risk scores (secondary).

Results: The mean (SD) volume of PA (metabolic equiva-
lent hours per week) was significantly higher (P� .001)
in the exercise (total PA [nonsupervised conditioning
PA�supervised PA], 20.0 [0.9], and nonsupervised, 12.4
[7.4]) vs control (10.0 [8.7]) group. Compared with the
control group, supervised exercise produced significant
improvements (mean difference [95% confidence inter-

val]) in physical fitness; HbA1c level (−0.30% [−0.49% to
−0.10%]; P� .001); systolic (−4.2 mm Hg [−6.9 to −1.6
mm Hg]; P=.002) and diastolic (−1.7 mm Hg [−3.3 to −1.1
mm Hg]; P=.03) blood pressure; high-density lipopro-
tein (3.7 mg/dL [2.2 to 5.3 mg/dL]; P� .001) and low-
density lipoprotein (−9.6 mg/dL [−15.9 to −3.3 mg/dL];
P=.003) cholesterol level; waist circumference (−3.6 cm
[−4.4 to −2.9 cm]; P� .001); body mass index; insulin re-
sistance; inflammation; and risk scores. These para-
meters improved only marginally in controls.

Conclusions: This exercise intervention strategy was ef-
fective in promoting PA and improving HbA1c and car-
diovascular risk profile. Conversely, counseling alone,
though successful in achieving the currently recom-
mended amount of activity, was of limited efficacy on car-
diovascular risk factors, suggesting the need for a larger
volume of PA in these high-risk subjects.
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C ARDIORESPIRATORY FIT-
ness is inversely related to
all-cause and cardiovas-
cular mortality, both in
normal subjects and those

with cardiovascular disease and cardio-
vascular risk factors,1 including type 2 dia-
betes mellitus (T2DM).2,3 A low level of
physical activity (PA) is also associated
with increased prevalence of T2DM4 and

the metabolic syndrome.5 Conversely, in
patients with T2DM, a moderate-high level
of PA was associated with reduced total
and cardiovascular mortality,6,7 and a life-
style intervention to achieve and main-
tain weight loss through decreased ca-

loric intake and increased PA improved
glycemic control and cardiovascular risk
factors.8 Lifestyle modification programs
including PA were also shown to prevent
development of T2DM9,10 and to improve
cardiovascular risk factors11 in subjects
with impaired glucose tolerance (IGT).

The US Department of Health and Hu-
man Services12 and the American College
of Sports Medicine13 recommend a mini-
mum of 150 min/wk of moderate-inten-
sityor, inmoderately fit subjects,60min/wk
of vigorous exercise or PA. The American
Diabetes Association has extended these
prescriptions also to subjects with IGT, to
prevent T2DM development, and to pa-
tientswithT2DM,to improveglycemiccon-
trol, assist with weight maintenance, and
reduce cardiovascular risk.14 However, it is
debatable whether the same volume of PA
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could be applied to subjects with T2DM, who have a high
cardiovascular risk. It is also essential to identify effective
strategies to promote an adequate amount of PA in these
subjects. Counseling interventions have been recently de-
signedandtestedsuccessfully inclinical settings15 and those
focused only on exercise and PA appear to be more effec-
tive than those targeting multiple behaviors.16 Moreover,
meta-analyses of small-sized studies showed that super-
vised exercise is effective in improving cardiorespiratory
fitness,17 glycemic control,18 and other cardiovascular risk
factors.19 Finally, growing evidence suggests that resis-
tance training is beneficial also in diabetic patients, and a
recent trial showed that combined aerobic and resistance
exercise is more effective than either one alone.20

The aim of the Italian Diabetes and Exercise Study
(IDES) was to assess whether a strategy combining a pre-
scribed and supervised mixed (aerobic and resistance) train-
ing program with structured exercise counseling is effec-
tive in promoting PA and improving hemoglobin A1c

(HbA1c) level and other modifiable cardiovascular risk fac-
tors in a large cohort of sedentary subjects with T2DM.
This combined strategy was compared with conventional
disease management, including exercise counseling.

METHODS

PARTICIPANTS

This randomized controlled trial was conducted in 22 outpa-
tient diabetes clinics across Italy, each connected with a Meta-
bolic Fitness Center. In these gym facilities, patients trained
under the supervision of an exercise specialist. The research
protocol was approved by the locally appointed ethics com-
mittees, and participants gave written informed consent. To im-
prove efficacy and safety of exercise intervention and patient
adherence, a specific strategy was implemented prior to start-
ing the IDES for training and selecting a group of diabetolo-
gists and exercise specialists to provide exercise prescription
and counseling and supervise exercise sessions, respectively
(eAppendix 1; http://www.archinternmed.com).

This study enrolled sedentary patients with T2DM fulfill-
ing the International Diabetes Federation (IDF) criteria for the
metabolic syndrome,21 which is almost invariably associated with
T2DM and contributes significantly to the increased cardio-
vascular risk of these subjects.22 Patients having any condition
limiting or contraindicating PA were excluded from the study.
Design and methods have been detailed elsewhere.23

RANDOMIZATION AND INTERVENTIONS

Between October 1, 2005, and March 31, 2006, of 691 eligible
patients, 606 were recruited and randomized to supervised train-
ing plus structured exercise counseling (exercise [EXE] group,
n=303) vs counseling alone as part of standard care (control
[CON] group, n=303) for 12 months (Figure 1). Randomiza-
tion was stratified by center and, within each center, by age (�60
vs �60 years) and type of diabetes treatment (diet±oral agents
vs insulin), using a permuted-block randomization software pro-
gram installed in a computer at each participating center. The
allocation sequence was generated by the coordinating center and
was concealed until interventions were assigned. Physicians and
patients were not blinded to group assignment, whereas sample
blinding at central laboratory was achieved using bar codes.

Standard care consisted of a treatment regimen aimed at
achieving optimal glycemic, lipid, blood pressure (BP), and body

weight targets, as established by current guidelines, and in-
cluded glucose-, lipid-, and BP-lowering agents as needed.23 For
ethical reasons, drugs were also adjusted throughout the study
to attain target levels and to account for reduced needs. Since
all patients were overweight or obese, caloric intake (55% com-
plex carbohydrates, 30% fat, and 15% protein) was reduced to
obtain a negative balance of 500 kcal/d against energy ex-
pended. Requirements were calculated by adding the esti-
mated energy expenditure from PA to basal metabolism.23 Ad-
herence to diet was verified by the use of food diaries, and dietary
prescriptions were adjusted at each intermediate visit.

Subjects from both groups received a structured individu-
alized counseling,15 aimed at achieving the currently recom-
mended amount of PA by encouraging any type of commut-
ing, occupational, home, and leisure time PA. Counseling was
reinforced every 3 months.

The training program for the EXE group consisted of 150
min/wk in 2 supervised sessions of progressive mixed (aero-
bic and resistance) training.23 Aerobic training was performed
using treadmill, step, elliptical, arm, or cycle ergometer. Exer-
cise load for each equipment was calculated to achieve pre-
scribed exercise intensity, expressed as percentage of maximal
oxygen consumption (V̇O2max), by the use of standard equa-
tions.24 Resistance training consisted of 4 resistance exercises,
ie, thrust movement on the transverse plane (chest press or

Patients stratified606
According to age•

According to diabetes treatment•

Patients aged <60 y326
Patients aged ≥60 y280

Patients, diet ± OHA533
Patients, insulin73

Patients assessed for eligibility691

Randomly allocated

15 Dropped out
10 Female/5 Male

11 Aged <60 y
4 Aged ≥60 y

1 Moved elsewhere•
13 Adverse event•

1 Death•

28 Dropped out
11 Female/17 Male

16 Aged <60 y
12 Aged ≥60 y

5 Lack of time•
7 Lack of interest•
3 Moved elsewhere•
12 Adverse event•

1 Death•

303 Exercise
124 Female/179 Male

Mean (SD) age, 58.8 (8.5) y

163 Patients aged <60 y•
140 Patients aged ≥60 y•

266 Patients, diet ± OHA•
37 Patients, insulin•

303 Control
131 Female/172 Male

Mean (SD) age, 58.8 (8.6) y

163 Patients aged <60 y•
140 Patients aged ≥60 y•

267 Patients, diet ± OHA•
36 Patients, insulin•

275 Completed the study
119 Female/156 Male

147 Patients aged <60 y•
128 Patients aged ≥60 y•

240 Patients, diet ± OHA•
35 Patients, insulin•

288 Completed the study
115 Female/173 Male

152 Patients aged <60 y•
136 Patients aged ≥60 y•

251 Patients, diet ± OHA•
37 Patients, insulin•

Were excluded85
Declined40

Cardiovascular reasons44
Death1

Lack of time12
Lack of interest12
Moved elsewhere8
Unknown reasons8

Figure 1. Study flow diagram. OHA indicates oral hypoglycemic agent.
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equivalent), traction movement on the frontal plane (lateral pull
down or equivalent), squat movement (leg press or equiva-
lent), trunk flexion for the abdominals, and 3 stretching posi-
tions. Intensity was adjusted according to improvements in pre-
dicted V̇O2max and 1-repetition maximum, as recorded throughout
the study. In addition, caloric expenditure was increased pro-
gressively by 0.1-kcal/kg body weight per session every month.

OUTCOMES

The primary outcome was HbA1c level reduction. Secondary out-
comes included other modifiable risk factors, dosage of glu-
cose-, lipid-, and BP-lowering drugs, and global coronary heart
disease (CHD) 10-year risk.23

Table 1. Volume of Physical Activity (PA), Fitness, Anthropometric, and Biochemical Parameters and Medications at Baseline
and at the End of the 12-Month Study Perioda

Variable
CON

Baseline
CON

12 mo

P Value,
0-12
mob

EXE
Baseline

EXE
12 mo

P Value,
0-12
mob

Mean
Difference
(95% CI)

P Value,
EXE vs
CONc

Nonsupervised PA, MET-h/wk
Conditioning 0.76 (1.5) 10.0 (8.7) �.001 0.73 (1.8) 12.5 (7.4) �.001 2.47 (1.1 to 3.8) �.001
Nonconditioning NA 6.7 (4.2) NA NA 6.6 (3.8) NA −0.16 (−0.82 to 0.50) .60

Supervised PA, MET-h/wk NA NA NA NA 7.6 (2.8) NA NA NA
Total PA, MET-h/wkd 0.76 (1.5) 10.0 (8.7) �.001 0.73 (1.8) 20.0 (9.0) �.001 10.0 (8.6 to 11.5) �.001
Estimated V̇O2max, mL/kg/min 25.9 (7.0) 27.5 (6.8) �.001 25.9 (5.4) 30.4 (5.8) �.001 2.8 (2.1 to 3.5) �.001
Upper body strength, kg 39.7 (15.7) 39.1 (15.6) .94 40.2 (16.3) 51.0 (19.0) �.001 11.0 (9.5 to 12.5) �.001
Lower body strength, kg 104.0 (69.5) 102.3 (65.9) .12 108.0 (64.5) 139.8 (72.8) �.001 30.8 (25.1 to 35.6) �.001
Bending, cm 11.2 (9.6) 10.1 (10.3) �.001 12.5 (9.9) 6.7 (9.4) �.001 −4.6 (−5.7 to −3.6) �.001
HbA1c, % 7.15 (1.4) 7.02 (1.2) .48 7.12 (1.4) 6.70 (1.1) �.001 −0.30 (−0.49 to −0.10) �.001
Fasting blood glucose, mg/dL 150 (52) 140 (47) .005 145 (49) 135 (42) �.001 −0.68 (−9.4 to 8.1) .88
Serum insulin, µU/mL 12.8 (8.6) 12.9 (6.9) .06 12.4 (8.1) 11.3 (7.4) .001 −1.18 (−2.36 to 0.0) �.001
HOMA-IR 4.8 (3.9) 4.5 (3.1) .29 4.5 (3.6) 3.8 (2.9) �.001 −0.36 (−0.94 to 0.22) .047
SBP, mm Hg 142 (18) 138 (16) .001 140 (18) 132 (14) �.001 −4.2 (−6.9 to −1.6) .002
DBP, mm Hg 85 (10) 83 (9) .02 84 (10) 80 (8) �.001 −1.7 (−3.3 to −1.1) .03
TG, mg/dL 139 (81) 141 (74) .11 131 (97) 132 (82) .20 −6.7 (−14.4 to 11.8) .85
TC, mg/dL 201 (34) 188 (36) �.001 199 (32) 181 (35) �.001 −5.3 (−12.0 to 1.4) .12
HDL-C, mg/dL 45.8 (10.5) 45.6 (10.0) .65 44.9 (11.4) 48.4 (11.9) �.001 3.7 (2.2 to 5.3) �.001
LDL-C, mg/dL 128 (34) 114 (33) �.001 129 (31) 106 (29) �.001 −9.6 (−15.9 to −3.3) .003
Waist circumference, cm 105.1 (11.0) 104.8 (10.9) .04 105.2 (11.8) 101.3 (11.4) �.001 −3.6 (−4.4 to −2.9) �.001
BMI 31.9 (4.6) 31.7 (4.5) .20 31.2 (4.6) 30.3 (4.4) �.001 −0.78 (−1.07 to −0.49) �.001
hs-CRP, mg/L 2.6 (2.0) 2.8 (2.2) .20 2.8 (2.2) 2.0 (1.9) �.001 −1.0 (−1.4 to −0.7) �.001
10-y CHD UKPDS risk score 18.5 (12.2) 17.8 (12.0) .08 19.5 (13.3) 15.8 (10.4) �.001 −3.1 (−4.2 to −2.0) �.001
10-y fatal CHD UKPDS risk score 12.1 (10.3) 11.9 (10.2) .82 12.8 (11.1) 10.2 (8.5) �.001 −2.4 (−3.3 to −1.5) .01
Diet alone, No. (%) 22 (8.0) 18 (6.5) .13 25 (8.7) 21 (7.3) .22 .85
Medications, No. (%)

OHAs 230 (83.6) 232 (84.4) .82 236 (81.9) 240 (83.3) .42 NA .85
Sulfonylureas 86 (31.3) 85 (30.9) �.99 72 (26.7) 72 (25.0) .36 NA .12
Meglitinides 27 (9.8) 38 (13.8) .007 29 (10.1) 31 (10.8) .69 NA .047
Metformin 200 (72.7) 207 (75.3) .17 213 (74.0) 216 (75.0) .61 NA .98
Thiazolidinediones 24 (8.7) 40 (14.5) .001 28 (9.7) 47 (16.3) �.001 NA .88
Acarbose 4 (1.5) 4 (1.5) �.99 5 (1.7) 5 (1.7) �.99 NA .95

Insulin 13 (4.7) 16 (5.8) .45 18 (6.3) 18 (6.3) �.99 NA .51
Combined (OHA� insulin) 22 (8.0) 32 (11.6) .006 19 (6.6) 25 (8.7) .11 NA .30
Antihypertensive agents 167 (60.7) 181 (65.8) .001 194 (67.4) 191 (66.3) .51 NA .004

ACE inhibitors 79 (28.7) 85 (30.9) .21 98 (34.0) 93 (32.3) .18 NA .06
Angiotensin II receptor antagonists 82 (29.8) 93 (33.8) .02 75 (26.0) 75 (26.0) �.99 NA .03
Diuretics 63 (22.9) 71 (25.8) .04 73 (25.3) 67 (23.3) .11 NA .007
Calcium channel blockers 32 (11.6) 35 (12.7) .25 51 (17.7) 55 (19.1) .29 NA .64
�-Blockers 37 (13.5) 48 (17.5) .003 50 (17.4) 56 (19.4) .11 NA .35
�1-Blockers 10 (3.6) 10 (3.6) �.99 13 (4.5) 13 (4.5) �.99 NA .91

Lipid-lowering agents 117 (42.5) 148 (53.8) �.001 116 (40.3) 130 (45.1) .003 NA .42
Statins 102 (37.1) 130 (47.3) .001 92 (31.9) 107 (37.2) �.001 NA .04
Fibrates 13 (4.7) 17 (6.2) .42 16 (5.6) 18 (6.3) .69 NA .72
Omega-3 18 (6.5) 21 (7.6) .61 18 (6.3) 20 (6.9) .75 NA .77

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CHD, coronary
heart disease; CI, confidence interval; CON, control group; DBP, diastolic blood pressure; EXE, exercise group; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein
cholesterol; HOMA-IR, Homeostasis Model Assessment-Insulin Resistance; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol;
MET-h/wk, metabolic equivalent hours per week; NA, not applicable; OHAs, oral hypoglycemic agents; SBP, systolic blood pressure; TC, total cholesterol;
TG, triglycerides; UKPDS, United Kingdom Prospective Diabetes Study; V̇O2max, maximal oxygen consumption.

SI conversion factors: To convert glucose to millimoles per liter, multiply by 0.0555; insulin to picomoles per liter, multiply by 6.945; TG to millimoles per liter, multiply
by 0.0113; cholesterol to millimoles per liter, multiply by 0.0259; and hs-CRP to nanomoles per liter, multiply by 9.524.

aValues are given as mean (SD) unless otherwise specified.
bWilcoxon signed rank test for continuous variables and the McNemar test for categorical variables (medication use).
cUnpaired t test or Mann-Whitney test for continuous variables and logistic regression adjusted for baseline for categorical variables (medication use).
dTotal PA=nonsupervised conditioning PA�supervised PA.
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MEASUREMENTS

Volume of PA

At baseline, the volume of PA was assessed retrospectively using
the Minnesota leisure time PA questionnaire. The amount of non-
supervised PA was prospectively evaluated throughout the study
by asking patients to fill in a daily diary, which was preliminar-
ily validated by test-retest reliability. This diary considered the
list of PAs coded in the Minnesota questionnaire; these activities
were divided in conditioning or voluntary (corresponding to lei-
sure time PA) and nonconditioning or nonvoluntary (including
commuting, occupational, and home activities),25 since condi-
tioning PA consisted mainly of walking, running, and biking, for
which estimates of metabolic equivalents (METs) are reliable,
unlike nonconditioning PA. Volume was calculated by multi-
plying the MET scores corresponding to each Minnesota code26

by time spent in each activity. For aerobic exercise, energy
expenditure during supervised sessions was calculated auto-
matically by the machines from workload using standard equa-
tions.24 For resistance exercise, a conservative estimate of 3
MET-hours was established, based on direct measurements in
subjects with T2DM not participating in this study.27

Cardiovascular Risk Factors

The following modifiable cardiovascular risk factors were evalu-
ated at baseline and end of study: HbA1c, fasting blood glucose,
and serum insulin levels; Homeostasis Model Assessment-
Insulin Resistance (HOMA-IR) index; waist circumference; body
mass index (BMI); BP; and triglyceride, total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), low-density li-
poprotein cholesterol (LDL-C), and high-sensitivity C-reactive
protein (hs-CRP) levels. Biochemical tests were performed at the
central laboratory (at baseline and end of study) and locally (dur-
ing the study period) to adjust treatment regimen.23 Global CHD
10-year risk scores were calculated using the United Kingdom
Prospective Diabetes Study (UKPDS) risk engine.28

Physical Fitness and Adverse Events

Cardiorespiratory fitness, strength, and flexibility (see eAp-
pendix 2) were evaluated at baseline and end of study and also,
in the EXE group, during the study period, to adjust training
loads.23 Assessment of cardiorespiratory fitness consisted of a
submaximal V̇O2max evaluation, ie, at 80% of the predicted maxi-
mal heart rate. All patients performed the test at the treadmill,
using a modified Balke and Ware protocol (eTable 1), with di-
rect measurement of oxygen consumption using the gas ex-
change analyzer FitMate (Cosmed, Rome, Italy) and concur-
rent assessment of heart rate. For strength assessment, though
the 1-repetition maximum is the most reliable test, we used a
maximal repetition (or 5- to 8-repetition maximum) test, which
is preferable in patients with a low-fitness profile for safety rea-
sons, and then predicted 1-repetition maximum using the
Brzycki formula.29 For hip and trunk flexibility assessment, a
standard bending test was performed.

Adverse events were reported at intermediate visits and also,
for EXE subjects, at supervised sessions, by completing a stan-
dard form.

STATISTICAL ANALYSIS

Sample size calculation considered an HbA1c level reduction of
at least 0.5% in EXE vs CON group with a standard deviation
for baseline HbA1c of 1.6 and a statistical power of 90% (�=.05).
To this end, 215 patients per arm needed to be enrolled (430
total). A sample size of 606 patients allowed for a dropout rate
of up to 25%.23

The �2 test for categorical variables and the unpaired, 2-tailed
t test or the corresponding nonparametric Mann-Whitney test
for continuous variables were used to compare patients’ char-
acteristics at baseline. The efficacy of intervention on primary
and secondary end points was assessed using the unpaired t test
or the Mann-Whitney test for continuous variables, by com-
paring between-group changes from baseline to end of study.
For categorical variables (ie, medications), logistic regression

Table 2. Percentage of Subjects On-Target for Traditional Cardiovascular Risk Factors at Baseline and at the End of the 12-Month
Study Period and Probability of Reaching These Targets and Percentage of Subjects According to the Number of Targets Reached
at 12 Months

Target
CON,

Baseline, %
CON,

12 mo, %
P Value,
0-12 moa

EXE,
Baseline, %

EXE,
12 mo, %

P Value,
0-12 moa

OR (95% CI),b

EXE vs CON

HbA1c �6.5% 37.8 37.1 .89 39.2 49.7 .001 2.0 (1.3-3.1)
TG �150 mg/dL 69.1 66.2 .39 76.4 72.9 .30 1.2 (0.8-1.8)
TC �175 mg/dL 25.5 37.1 .002 25.3 40.3 �.001 1.2 (0.8-1.6)
HDL-C �40 mg/dL 62.2 66.9 .111 59.0 76.0 �.001 2.0 (1.3-3.0)
LDL-C �100 mg/dL 21.2 34.1 �.001 16.2 41.5 �.001 1.5 (1.1-2.2)
SBP �130 mm Hg 18.2 26.5 .005 22.0 37.3 �.001 1.6 (1.1-2.4)
DBP �80 mm Hg 16.7 22.5 .072 18.1 26.5 .002 1.2 (0.8-1.9)

No. of Targetsc 0 1 2 3 4 5

CON, % 10.6 29.9 31.0 21.5 4.7 2.2
EXE, % 3.9 20.1 36.7 21.9 15.5 1.8

Abbreviations: CI, confidence interval; CON, control group; DBP, diastolic blood pressure; EXE, exercise group; HbA1c, hemoglobin A1c; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NA, not applicable; OR, odds ratio; SBP, systolic blood pressure; TC, total cholesterol;
TG, triglycerides.

SI conversion factors: To convert glucose to millimoles per liter, multiply by 0.0555; to convert TG to millimoles per liter, multiply by 0.0113; and to convert
cholesterol to millimoles per liter, multiply by 0.0259.

aMcNemar test.
bAdjusted for baseline status (on target vs not on target), treatment at baseline, and change during the study.
cTargets considered: HbA1c level lower than 6.5%, HDL-C level higher than 40 mg/dL, LDL-C level lower than 100 mg/dL, SBP lower than 130 mm Hg, and DBP

lower than 80 mm Hg.
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analysis was applied, with end-of-study rate of use included in
the model as the dependent variable and baseline rate of use
and study arm included as covariates.

Toaccount forchangeinmedicationthroughoutthe12-month
period,weperformedbothmultipleregressionandsensitivityanaly-
ses. In the regression models, the dependent variable was repre-
sentedbybaseline toend-of-studychanges.Treatmentatbaseline
andtreatmentinitiationduringthestudywereincludedinthemodel
as dichotomous variables (yes vs no), whereas drug dosage was
not taken into consideration. Sensitivity analysis was conducted
forHbA1c andLDL-Cbycomparingstudyarmsafterexcludingpa-
tients in whom treatment was modified for diabetes (ie, patients
previously on diet alone who started treatment with oral agents,
or patients receiving oral agents who added another oral agent or
started insulin treatment) or statin therapy, respectively.

Within-group end-of-study vs baseline values were com-
pared using the McNemar test for categorical variables and the
Wilcoxon signed rank test for continuous variables. To iden-

tify independent predictors of HbA1c level changes from base-
line, a multiple regression analysis was applied, with mean value
of METs, baseline HbA1c values, sex, age, and changes in HOMA-
IR, BMI, waist circumference, and TC, LDL-C, and HDL-C, and
hs-CRP levels as covariates forced in the model.

The likelihood to achieve IDF targets30 after 12 months ac-
cording to study group, independent of volume, was estimated
using a separate logistic regression model for each target (depen-
dent variable), with study arm, baseline status (on target vs not
on target), baseline mean value, and PA volume quintiles as co-
variates. Additional logistic analyses were performed to evaluate
the likelihood of reaching specific targets according to PA vol-
ume. In these analyses, individual targets were the dependent vari-
able, with PA volume quintiles, baseline status, baseline mean
value, treatment at baseline, and change during the study as co-
variates. Results of these analyses were expressed as odds ratios
(ORs) with 95% confidence intervals (CIs). A test for linear trend
was also applied.
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Figure 2. Average monthly energy expenditure from supervised exercise (A) and nonsupervised conditioning physical activity (B). Data are given as median
(interquartile range); significantly different in exercise (EXE) vs control (CON) group at P� .001 by repeated-measures ANOVA (analysis of variance).
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All analyses were performed on individuals completing the
follow-up; an analysis with baseline values carried forward was
also applied.

RESULTS

The 2 study groups were similar for baseline character-
istics (Figure 1 and eTable 2), including fitness, anthro-
pometric, and biochemical parameters (Table 1), medi-
cations, and the percentage of subjects on-target for
cardiovascular risk factors (Table 2). The median ex-
ercise training attendance was 80.3% (interquartile range,
75% to 99%) for aerobic and/or resistance sessions. Dur-
ing the 12-month period, 28 CON subjects and 15 EXE
subjects dropped out (Figure 1). The results presented
herein refer to patients completing the follow-up, since
the baseline values carried forward analysis did not change
the estimates.

According to the training program, energy expendi-
ture during the exercise sessions increased progres-
sively throughout the study (Figure2A). In both groups,
counseling promoted a marked increase in self-reported
conditioning PA, which reached a peak at 4 months
(Figure 2B) and was mainly aerobic. Energy expendi-
ture from conditioning but not nonconditioning PA was
significantly higher in EXE vs CON subjects, and the dif-
ference between the 2 groups became much larger when
considering total volume of PA (nonsupervised condi-
tioning plus supervised). This was associated with sig-
nificantly more marked changes over baseline in the EXE
vs CON group in cardiorespiratory fitness, upper and
lower body strength, and flexibility (Table 1).

Reduction in the primary end point of HbA1c level was
significantly higher in EXE than in CON subjects, with a
0.42% decrease in the former vs a nonsignificant 0.13% re-
duction in the latter group (Table 1). At multiple regres-
sion analysis, independent predictors of HbA1c level reduc-
tion were changes over baseline in waist circumference
(�=0.04; P� .001) HOMA-IR (�=0.053; P� .001); male
sex (�=−0.17; P=.03); older age (�=−0.015; P=.001); and
higher baseline HbA1c level (�=−0.47; P� .001). In keep-
ing with this, when patients were stratified by baseline HbA1c

level, the extent of HbA1c level reduction increased pro-
gressively with the initial HbA1c value (eTable 3).

Changes over baseline in the EXE group were signifi-
cantly more marked than in the CON group also for
HOMA-IR; serum insulin level; systolic and diastolic BP;
TC, HDL-C, and LDL-C levels; waist circumference; BMI,
hs-CRP level; and total and fatal CHD 10-year risk scores.
In fact, at 12 months, the EXE subjects exhibited signifi-
cant improvements in all these parameters, whereas the
CON participants showed significant decreases only in
fasting blood glucose level, waist circumference, BP, and
TC and LDL-C levels (Table 1).

During the study period, the percentage of patients
reducing drug number and/or dosage was significantly
higher in the EXE than in the CON group. In more de-
tail, 13.5% of subjects in the EXE group vs none in the
CON group stopped insulin therapy, while 5.1% in the
EXE group vs 2.6% in the CON group reduced the num-
ber of oral agents without starting insulin therapy. The

mean (SD) dose of insulin (�11.6 [4.6] IU/d vs −2.3 [1.9]
IU/d in the EXE group) and the median dose of metfor-
min (from 1700 [interquartile range, 1200-2550] mg/d
to 2000 [1500-2712] mg/d vs no change) increased only
in the CON group. In addition, the percentage of sub-
jects requiring meglitinides, combined oral plus insulin
therapy, and antihypertensive treatment (particularly an-
giotensin II receptor antagonists and diuretics) in-
creased only in the CON group, whereas the percentage
of those receiving statins increased significantly more in
the CON than in the EXE group (Table 1). Finally, ad-
justed multiple linear regression analysis and sensitivity
analysis confirmed differences between groups. In par-
ticular, multiple regression analysis after adjusting for
baseline LDL-C level and treatment at baseline and
throughout study with statins (the only medication that
changed significantly in both groups) showed that pa-
tients assigned to the EXE group still had significantly
reduced LDL-C levels compared with the CON group
(mean [SE] difference, −10.0 [2.56] mg/dL; P� .001).
Moreover, sensitivity analysis showed results superim-
posable to those obtained in the whole cohort for HbA1c

(mean [SE] difference, −0.26% [0.10%]; P=.03) and
LDL-C (mean [SE] difference, −10.95 [3.403] mg/dL;
P=.001) outcomes.

At the end of the study, the percentage of subjects on-
target according to the IDF Guidelines30 increased signifi-
cantly for TC and LDL-C levels and systolic BP in the CON
group and for all cardiovascular risk factors, except tri-
glycerides, in the EXE group. Overall, the probability of
reaching all targets (except triglycerides) and the number
of targets reached were higher in the EXE than in the CON
subjects (Table 2). When adjusting for baseline values and
volume of PA, patients assigned to the EXE arm still had a
higher probability of reaching targets (Table 3).

The probability of reaching specific targets accord-
ing to quintiles of PA volume showed a variable trend

Table 3. Likelihood of Reaching Specific Targets According
to Study Group, Independent of Volume of Physical Activity

Target
OR (95% CI),a

EXE vs CON

HbA1c �6.5% 2.0 (1.3-3.3)
HbA1c reduction �0.5 1.4 (0.9-2.3)
TG �150 mg/dL 1.1 (0.7-1.8)
TC �175 mg/dL 1.0 (0.6-1.4)
HDL-C �40 mg/dL 1.9 (1.1-3.1)
LDL-C �100 mg/dL 1.3 (0.9-2.0)
SBP �130 mm Hg 1.4 (0.9-2.2)
DBP �80 mm Hg 1.0 (0.6-1.6)
BMI reduction �1 2.0 (1.3-3.0)
Waist circumference reduction �5 cm 2.7 (1.7-4.3)

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); CI, confidence interval; CON, control
group; DBP, diastolic blood pressure; EXE, exercise group;
HbA1c, hemoglobin A1c; OR, odds ratio; SBP, systolic blood pressure;
TG, triglycerides.

SI conversion factors: To convert glucose to millimoles per liter, multiply
by 0.0555; TG to millimoles per liter, multiply by 0.0113; and cholesterol to
millimoles per liter, multiply by 0.0259.

aAdjusted for baseline status (on-target vs not-on-target), baseline mean
values and PA volume quintiles (conditioning�supervised PA [metabolic
equivalent hours per week]).
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for the different risk factors (Table 4) and CHD scores
(Table 5), without a clear dose-dependent effect, ex-
cept for BMI, waist circumference, and CHD scores.

Adverse effects related to PA were more frequent,
though not significantly, in EXE than in CON subjects,
whereas the number of unrelated events did not differ
between the 2 groups (Table 6). No episode of hypo-
glycemia was severe enough to require assistance.

COMMENT

Mortality is inversely related to cardiorespiratory fitness
and its main determinant PA, both in the general popu-
lation and in subjects with T2DM.1-3 However, evidence
of efficacy of supervised exercise intervention on modi-
fiable cardiovascular risk factors in patients with T2DM
is mainly derived from small-sized studies,18,19 and it is
unclear which volume of exercise or PA is required to
reduce cardiovascular burden and which is the best
strategy for promoting PA in these high-risk individu-
als. The IDES showed that both the volume of PA and
the extent of reduction of HbA1c level and other modifi-
able cardiovascular risk factors were significantly higher

with the combination of structured exercise counseling
and a prescribed and supervised training program than
with counseling alone. Though difference in volume of
PA between the 2 groups seems to explain the different
outcome in terms of cardiovascular risk profile, the
volume-adjusted analysis given in Table 3 suggests that
the intervention strategy might have contributed to
reduce modifiable cardiovascular risk factors and CHD
scores. This effect might be attributed to supervision
and/or type of exercise, though energy expenditure
from resistance training was only a small part of total
volume.

Important new information can be derived from these
results. First, this study, which was multicenter and thus
less dependent on local factors and of larger size and longer
duration than previously published exercise interven-
tion trials in patients with T2DM, provides definitive evi-
dence that exercise is highly effective in improving HbA1c

level and cardiovascular risk profile in these subjects. Sec-
ond, supervised exercise programs could represent an ef-
fective strategy for promoting lifestyle changes in sub-
jects with sedentary habits, such as patients with T2DM.
In fact, supervised training on top of structured coun-

Table 4. Likelihood of Reaching Specific Targets According to Physical Activity (PA) Volume Quintilesa

Target

PA Volume Quintileb

P Value
for Trend

First Quintile (RC)
(	4.74)

Second Quintile
(4.75-12.28)

Third Quintile
(12.29-18.20)

Fourth Quintile
(18.21-24.63)

Fifth Quintile
(�24.63)

HbA1c �6.5% 1 [Reference] 1.3 (0.7-2.6) 2.6 (1.3-5.0) 2.1 (1.1-4.1) 1.5 (0.8-2.9) .13
HbA1c reduction �0.5 1 [Reference] 2.8 (1.2-6.4) 5.1 (2.3-11.3) 5.3 (2.4-11.4) 4.6 (2.1-10.0) .02
TG �150 mg/dL 1 [Reference] 1.5 (0.8-2.9) 1.4 (0.7-2.6) 1.9 (1.0-3.6) 1.4 (0.7-2.6) .23
TC �175 mg/dL 1 [Reference] 1.3 (0.7-2.2) 1.2 (0.7-2.0) 1.3 (0.8-2.3) 1.7 (1.0-3.0) .93
HDL-C �40 mg/dL 1 [Reference] 1.5 (0.7-3.0) 3.0 (1.4-6.1) 2.6 (1.3-5.2) 2.9 (1.4-6.0) .30
LDL-C �100 mg/dL 1 [Reference] 1.4 (0.8-2.5) 1.4 (0.8-2.5) 1.5 (0.8-2.6) 2.0 (1.1-3.5) .65
SBP �130 mm Hg 1 [Reference] 2.0 (1.0-4.0) 2.4 (1.2-4.8) 3.0 (1.5-5.9) 2.2 (1.1-4.4) .05
DBP �80 mm Hg 1 [Reference] 1.2 (0.6-2.5) 2.2 (1.1-4.3) 1.9 (1.0-3.8) 1.6 (0.8-3.1) .33
BMI reduction �1 1 [Reference] 1.8 (1.0-3.2) 1.8 (1.0-3.3) 2.6 (1.4-4.7) 3.1 (1.7-5.6) �.001
Waist circumference reduction �5 cm 1 [Reference] 6.5 (2.4-18.0) 9.1 (3.3-24.7) 13.2 (4.9-35.7) 15.9 (5.9-43.2) �.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); DBP, diastolic blood pressure; HbA1c, hemoglobin
A1c; RC, reference category; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.

SI conversion factors: To convert glucose to millimoles per liter, multiply by 0.0555; TG to millimoles per liter, multiply by 0.0113; and cholesterol to millimoles
per liter, multiply by 0.0259.

aData are given as odd ratios (95% confidence intervals), adjusted for baseline status, baseline mean value, treatment at baseline, and change during the study.
bConditioning�supervised PA (metabolic equivalent hours per week).

Table 5. Baseline to End-of-Study Changes (�) in Total and Fatal CHD UKPDS 10-Year Risk Scores
According to Physical Activity (PA) Volume Quintiles

UKPDS Score

PA Volume Quintilea

P Value
for Trendc

First Quintile (RC)
(�4.74)

Second Quintile
(4.74-12.28)

Third Quintile
(12.29-18.20)

Fourth Quintile
(18.21-24.63)

Fifth Quintile
(�24.63)


Total CHDb 0.6 (−1.9 to 2.6) −0.4 (−3.4 to 2.7) −1.8 (−4.0 to −0.1) −3.0 (−6.5 to −0.3) −3.1 (−7.5 to −0.05) �.001
P value .11 �.001 �.001 �.001


Fatal CHDb 0.8 (−1.2 to 2.1) −0.1 (−1.9 to 1.7) −0.9 (−2.6 to 0.3) −1.6 (−4.6 to 0.0) −1.5 (−5.2 to 0.1) �.001
P value .09 �.001 �.001 �.001

Abbreviations: CHD, coronary heart disease; RC, reference category; UKPDS, United Kingdom Prospective Diabetes Study.
aConditioning�supervised PA (metabolic equivalent hours per week).
bMedian and interquartile range.
cMann-Whitney test.
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seling was superior to counseling alone in increasing the
amount of nonsupervised PA, thus suggesting that the
twice-a-week sessions supervised by an exercise special-
ist served as continuous reinforcement to counseling. In
addition, these results might imply that the amount of
PA that is required to effectively reduce cardiovascular
burden in these high-risk subjects could be higher than
the minimum recommended. This suggestion derives from
the finding that counseling alone, though almost suc-
cessful in achieving the currently recommended amount
of PA (ie, 150 min/wk of moderate-intensity activity cor-
responding to 11.25 MET-h/wk) and improving signifi-
cantly cardiorespiratory fitness in previously sedentary
subjects, produced limited benefits in terms of glycemic
control and reduction of global cardiovascular risk, at least
over 1 year. Indeed, the currently recommended level of
energy expenditure was originally derived from studies
in healthy subjects and extended to the diabetic or IGT
population, based on the amount of exercise performed
(1) in the small-sized studies included in a meta-
analysis,18 which did not consider the volume of PA per-
formed outside the exercise sessions, and (2) in the Dia-
betes Prevention Program (DPP),9 in which the intensive
lifestyle intervention consisted of a combination of ex-
ercise and diet. Besides, in the DPP,11 the intensive life-
style intervention, while greatly reducing the T2DM in-
cidence compared with placebo, produced improvements
in BP and cholesterol levels that were of an order of mag-
nitude similar to that observed in the CON group (and
less than that detected in the EXE group), whereas re-
ductions of weight and triglyceride levels were more
marked, possibly reflecting the effect of diet.

The finding that the extent of HbA1c level reduction
was less than in previous reports18,20 may be explained
by the lower baseline HbA1c level. Indeed, a larger re-
duction was documented in individuals with higher base-
line HbA1c levels, in keeping with the observation that
baseline BP levels and the extent of BP reduction were
higher in our study than in the study by Sigal et al.20

Potential limitations of this trial are self-reported data
of nonsupervised PA, change in medication, unblinded
design, and effect of diet. Provided that the use of devices
is not applicable to a large multicenter study population
followed for 12 months, the prospective evaluation of PA
by a daily diary greatly reduces the risk of inaccuracy of
self-reporting questionnaires, as compared with retro-
spective assessment. Moreover, changes in medication
during the study attenuated, if any, differences between
groups, thus ruling out the possibility that better outcome
in EXE subjects was related to modification of treatment
regimen. In fact, in keeping with a previous report,8 drug
number and/or dosage was significantly reduced as a con-
sequence of increased PA, but this effect was observed
only in EXE subjects, whereas the percentage of subjects
requiring an increment of treatment regimen increased
solely or more markedly in CON participants. Further-
more, though it was impossible to keep assignment to su-
pervised training hidden to both patients and physicians,
sample analysis was blinded. Finally, though diet was not
considered in data analysis, patients from both groups re-
ceived specific dietary prescriptions, and adherence to
diet was verified at intermediate visits. Future studies are
needed to determine the optimal “dose” of exercise and
PA in subjects with T2DM and to assess the applicability

Table 6. Adverse Events in the Control (CON) and Exercise (EXE) Groups

Events CON EXE P Valuea

Related to exercise intervention 20 34 .13
Shoulder pain/chronic tendinopathy of rotator cuff 5 9
(Aggravation of ) low back pain 2 6
Aggravation of pre-existing osteoarthritis of hip or knee joint 2 5
Shin splints/lower limb pain 3 7
Other/generalized musculoskeletal discomfort 8 7

Unrelated to exercise intervention 23 25 .90
Elective surgery 14 13 .91

Arthroscopic knee surgery 1 2
Total thyroidectomy 1 0
Cataract surgery 3 2
Knee/hip joint replacement 1 2
Inguinal hernia 2 1
Varicose vein surgery 1 2
Percutaneous coronary revascularization 2 2
Mastectomy for carcinoma of the mammary gland 2 1
Percutaneous lower limb revascularization 1 1

Other serious medical event 8 11 .73
Atrial fibrillation 1 1
Newly diagnosed myocardial ischemia 1 3
Accidental bone fracture 2 3
Bronchitis/pneumonia 3 2
Otitis 1 2

Death from any cause 1 1
Death from cardiovascular causes 0 0
Total 43 59 .26a

a�2 test.
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of this intervention strategy to clinical practice, including
analysis of cost-effectiveness.

In conclusion, twice-weekly, supervised, facility-
based combined aerobic and resistance exercise had sig-
nificant incremental benefits beyond those of exercise
counseling alone in terms of promotion of PA and im-
provement of HbA1c level and cardiovascular risk pro-
file in sedentary patients with T2DM.
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