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OBJECTIVEdTo examine the effect of supervised exercise on traditional and nontraditional
cardiovascular risk factors in sedentary, overweight/obese insulin-treated subjects with type 2
diabetes from the Italian Diabetes Exercise Study (IDES).

RESEARCH DESIGN AND METHODSdThe study randomized 73 insulin-treated
patients to twice weekly supervised aerobic and resistance training plus structured exercise
counseling (EXE) or to counseling alone (CON) for 12 months. Clinical and laboratory parameters
were assessed at baseline and at the end of the study.

RESULTSdThe volume of physical activity was significantly higher in the EXE versus the
CON group. Values for hemoglobin A1c, BMI, waist circumference, high-sensitivity C-reactive
protein, blood pressure, LDL cholesterol, and the coronary heart disease risk scorewere significantly
reduced only in the EXE group. No major adverse events were observed.

CONCLUSIONSdIn insulin-treated subjects with type 2 diabetes, supervised exercise is safe
and effective in improving glycemic control and markers of adiposity and inflammation, thus
counterbalancing the adverse effects of insulin on these parameters.

Diabetes Care 35:39–41, 2012

A therosclerosis has been increasingly
recognized as an inflammatorydisease
characterized by systemic, central

fat-driven and local low-grade inflamma-
tion, which is involved in all stages of its
natural history (1). Several proinflammatory
mediators have been associated with car-
diovascular disease (CVD), independent
of traditional CVD risk factors (2). In par-
ticular, high-sensitivity C-reactive protein
(hs-CRP) has been shown to be a strong
independent predictor of CVD in patients
with type 2 diabetes (3). More recently,

clinical trial data have demonstrated that
reduction of hs-CRP is associated with
marked improvements in CVD outcomes
(4) and that high-intensity, preferably
mixed (aerobic and resistance) exercise
training, in addition to daytime physical
activity (PA), is required for achieving a
significant anti-inflammatory effect in
subjects with type 2 diabetes (5).

When patients with type 2 diabetes in
secondary failure to oral hypoglycemic
agents (OHAs) are shifted to insulin treat-
ment, alone or combined with OHAs,

glycemic control improves, but there is gen-
erally an undesirable adverse effect of in-
creased body weight (6,7) accompanied by
lower or no improvement or even wors-
ening of the chronic inflammatory state
(7–9). This adverse effect, which might
counteract the positive effect of the insulin-
mediated decrease in plasma glucose levels
on CVD risk, could be minimized by exer-
cise training, although there is no evidence
in the literature supporting this concept.

As a subanalysis of the Italian Diabetes
Exercise Study (IDES), we examined the
effect of supervised exercise training in
addition to structured exercise counseling,
compared with counseling alone, on tradi-
tional and nontraditional CVD risk factors
in sedentary, insulin-treated, overweight/
obese subjects with type 2 diabetes.

RESEARCH DESIGN AND
METHODSdDetailed methodology
has been published previously (10,11).
Briefly, sedentary patients with type 2 di-
abetes and the metabolic syndrome (606
of 691 eligible) were enrolled in 22 out-
patient Diabetes Clinics throughout Italy
between 1 October 2005 and 31 March
2006. Subjects were randomized by center,
age, and diabetes treatment to twice-a-
week supervised mixed (aerobic and resis-
tance) training plus exercise counseling
(exercise [EXE] group) versus counseling
alone as part of standard care (control
[CON] group) for 12 months. Here, we
present a subanalysis of data from 73 pa-
tients treated with insulin, alone or com-
bined with OHAs, throughout the study.

Each supervised session lasted 75min
and included aerobic exercise plus four
resistance exercises. All participants re-
ceived structured exercise counseling, en-
couraging any type of leisure-time PA. At
baseline and at the end of the study, PA,
hemoglobin A1c (HbA1c), BMI, waist cir-
cumference, hs-CRP, systolic and diastolic
blood pressure (BP), triglycerides, total and
HDL cholesterol, and coronary heart disease
(CHD), along with 10-year UK Prospective
Diabetes Study (UKPDS) risk scores were
measured, as previously reported (10,11).
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Statistical analysis
Data are expressed as mean 6 SD, unless
otherwise specified. The x2 test for cate-
gorical variables and the Student t test or
the corresponding nonparametric Mann-
Whitney test for continuous variables
were used to compare patients’ character-
istics at baseline. Wilcoxon signed rank
test for continuous variables and the
McNemar test for categorical variables
were applied to analyze baseline to end-
of-study change within each group. The
unpaired t test or Mann-Whitney U test
for continuous variables and comparison
of proportions for categorical variables
were used to compare changes from base-
line between the two groups. Statistical
analysis was performed using Graph
Pad Prism 5.0 (GraphPad Software Inc.,
San Diego, CA) and SigmaPlot 11 (Systat
Software, Inc., Chicago, IL) software. A
P value , 0.05 was considered statisti-
cally significant.

RESULTSdAt baseline, there were no
statistically significant differences in all
parameters between the two groups (data
not shown). During the 12-month period,
two patients in the CON and one in the
EXE group abandoned the study for
various reasons. No major adverse events
were observed, including severe hypogly-
cemia. Mild hypoglycemia, not requiring
assistance, was reported in 7 of 37 pa-
tients in the EXE group. The daily insulin
dose increased significantly in the CON
group, whereas it decreased in the EXE
group (Table 1).

As in the whole cohort (11), total PA
volume was significantly higher in EXE
versus CON group. HbA1c, waist circum-
ference, systolic and diastolic BP, LDL,
hs-CRP, and CHD risk score were signifi-
cantly reduced in the EXE group, whereas
only total cholesterol decreased signifi-
cantly in the CON group. As a result, com-
paredwithCON subjects, EXE participants
showed significantly higher improvements
in HbA1c, BMI, waist circumference, hs-
CRP, and CHD risk score (Table 1).

CONCLUSIONSdDespite the limited
number of participants, this is the first
study, to the best of our knowledge, that
assesses the effect of long-term supervised
exercise training in insulin-treated sub-
jects with type 2 diabetes. This analysis
indicates that for this subgroup, like the
other IDES subjects, supervised exercise
training is safe and effective in improving
CVD risk factors and CHD risk score
and in achieving a considerable amount

of PA. However, the volume of unsuper-
vised PA was somewhat lower than in the
EXE participants from the whole cohort
(11), likely because insulin-treated patients
are less confident to perform PA than those
treatedwithOHAs for fear of hypoglycemia.

More importantly, our findings in-
dicate that improvements in HbA1c,
which were higher than in the whole co-
hort, consistent with the higher baseline
values (11), were associated with a reduc-
tion of those parameters (i.e., waist, BMI,
and hs-CRP) that were shown to be neg-
atively affected by insulin treatment (6–8).
This is consistent with a small-sized study
from Aas et al. (8) showing that lifestyle
intervention is more effective than insu-
lin treatment on adipokine levels in sub-
jects with type 2 diabetes. This supports
the concept that exercise may counter-
balance the adverse effects of insulin
therapy on adiposity and inflammation,
directly or via reduction of daily insulin
dose, and suggests that lifestyle inter-
ventions, including supervised exercise
training, should be encouraged in these
individuals.

Supervised mixed (aerobic and resis-
tance) exercise training is safe and effec-
tive in promoting PA and improving
HbA1c and the CVD risk profile in insulin-
treated, overweight/obese subjects with
type 2 diabetes. This intervention strategy
appears to counterbalance the adverse
effects of insulin therapy on adiposity
and inflammation.
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