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Abstract The aim is to critically review the more relevant
evidence on the interrelationships between exercise and
metabolic outcomes. The research questions addressed in the
recent specific literature with the most relevant randomized
controlled trials, meta-analysis and cohort studies are pre-
sented in three domains: aerobic exercise, resistance exer-
cise, combined aerobic and resistance exercise. From this
review appear that the effects of aerobic exercise are well
established, and interventions with more vigorous aerobic
exercise programs resulted in greater reductions in HbA .,
greater increase in VO, . and greater increase in insulin
sensitivity. Considering the available evidence, it appears
that resistance training could be an effective intervention to
help glycemic control, especially considering that the effects
of this form of intervention are comparable with what
reported with aerobic exercise. Less studies have investi-
gated whether combined resistance and aerobic training
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offers a synergistic and incremental effect on glycemic
control; however, from the available evidences appear that
combined exercise training seems to determine additional
change in HbA . that can be seen significant if compared
with aerobic training alone and resistance training alone.

Keywords Exercise - Physical activity - Type-2 diabetes -
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Introduction

For many years, physical activity has been—along with diet
and medication—considered fundamental in the treatment of
diabetes [1], and based on a number of large randomized
controlled trials, physical activity and exercise have recently
been recommended to prevent and treat diabetes according to
ADA [2] ACSM [3, 4] and other national guidelines [5].
Moreover, considering the potential adverse effects attrib-
uted to some drugs [6, 7], the clinical importance of physical
activity, as well as that of therapeutic education [8] is even
increasing. However, the terms “physical activity” and
“exercise” denote two different concepts [9]. “Physical
activity” refers to any bodily movement produced by skel-
etal muscles that results in an expenditure of energy
(expressed in kilocalories) and includes a broad range of
occupational, leisure and daily activities. “Exercise” refers
to planned or structured physical activity. It involves repet-
itive bodily movements performed to improve or maintain
one or more of the components of physical fitness: aerobic
capacity (or endurance capacity), muscular strength, mus-
cular endurance, flexibility and body composition. Thus, not
only the role of physical activity, but in addition that of
exercise has long been recognized in the treatment regimen
of type 2 diabetes patient, which results in a variety of
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physiological and metabolic adaptations. A considerable
amount of literature has been published recently to attempt to
identify safe and effective exercise programs for this section
of population. The most clinically relevant recent advances
related to people with type 2 diabetes and the following
recommendations were proposed in the last ADA statement
[10]. Summarizing the evidence from these reports relating
to exercise recommendations, it appears that the most
important factor is to design a program for individuals that
will provide the proper amount of exercise to attain maximal
benefit at the lowest risk. The most relevant research ques-
tions addressed in the recent specific literature will be pre-
sented in the following sections.

The effects of aerobic exercise

In the past, there have been numerous minor studies on the
effects of aerobic exercise on patients with type 2 diabetes
and offering distinct findings. Exercise interventions were
generally found to reduce glycosylated hemoglobin (HbA )
even though more recently the effects on other parameters,
such as carnitine, were investigated [11]. Some meta-anal-
ysis has been particularly useful in summarizing and ana-
lyzing prior research. In a meta-analysis, reviewing exercise
intervention of at least 8 weeks of supervised exercise in
type 2 diabetic individuals [12], regular aerobic exercise
was seen to have a statistically and clinically significant
effect on VO, and as reflected in HbA . this kind of
intervention improve glycemic control while having little
effect on body weight, as shown in another meta-analysis on
exercise interventions including 14 studies: 12 with aerobic
exercise and 2 with resistance exercise as the form of
intervention [13]. In a more recent meta-analysis [14] on
seven studies using aerobic exercise as the form of inter-
vention, the reduction in HbA . was confirmed in conjunc-
tion with a statistically significant reduction of about 5% for
LDL-C, whereas no statistically significant improvements
were found for TC, HDL-C, TC/HDL-C or TG. As seen
from the aforementioned meta-analysis, we could say that
the effects of aerobic exercise on HbA . (the major marker
of glycemic control), are well established. However, the
most interesting question to be addressed, it is not the effect
of aerobic exercise itself but the effects of exercise intensity,
specifically, vigorous exercise versus moderate physical
activity (typically walking). The ideal study to address the
benefits of low intensity versus vigorous aerobic exercise
would be to randomize several thousand subjects with dia-
betes to either moderate or vigorous aerobic exercise and
follow them for several years to determine effects on mor-
bidity and mortality, but obviously such a study has yet to be
undertaken and we subsequently are forced to resort to
extrapolation from meta-regression analysis across trials in
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people affected by diabetes, randomized trials in non-dia-
betic subjects, cohort studies in people with diabetes. A
more focused meta-analysis to address the issue of exercise
intensity is that by Boule et al. [12]: inclusion criteria
required adults with type 2 diabetes (no IGT), only con-
trolled clinical trials (>8 weeks) evaluating aerobic exercise
intervention with detailed prescription and supervised
intervention. Seven studies were selected, with nine com-
parisons and a total of 266 subjects. The mean frequency
was 3.4 sessions/week, with mean duration of 20 weeks,
mean session duration of 49 min and the mean intensity of
55% VOjnax- The dependent variables were the difference
in HbA . and VO,,,x between exercise and control groups
at the end of the study; the independent variables
were exercise intensity (% VOjn.x) and volume
(MET h™! week ™). Exercise intensity was a better pre-
dictor than exercise volume of the difference in HbA . and
VO,max between the exercise and the control group. Of
particular interest, among the studies included in this
meta-analysis, Mourier et al. [15] reported that twenty-one
subjects were enrolled (10 exercise and 11 controls) and the
pre-training phase (averaging 2 weeks) required 3 x/weeks
sessions on cycle ergometer until training at 75% of VOopeax
was attained. Subsequently, subjects trained 8 weeks at high
intensity on a cycle ergometer combining training at 75% of
VO;peak (continuous for 45 min) and interval training (5
cycles for 2 min) at 85% of VOopeqi alternating with 3 min
at 50% of VOjpeax. An additional week of training was
added if a day of training was missed (this occurred for two
men). The results, based on the 10 completers showed a
statistically significant elevated effect versus the sedentary
control group on the following parameters: increase in
VOypeax, decrease of HbA; %, decrease of subcutaneous
and visceral abdominal fat, increase of mid-tight muscle.
The effect of exercise intensity was also recently evaluated
on insulin sensitivity: three randomized controlled trials
[16-18] and a review [19] compared the effects on insulin
sensitivity of different intensities of aerobic exercise train-
ing with the same total energy expenditure on exercise. We
can conclude by stating that interventions with more
vigorous aerobic exercise programs resulted in greater
reductions in HbA ., greater increase in VO,,,,x and greater
increase in insulin sensitivity.

The effects of resistance exercise

Resistance exercise has not benefited from as in-depth
studies as aerobic exercise and only recently has been
recognized as a useful therapeutic training procedure for
the treatment of a number of chronic diseases, the reduc-
tion of multiple cardiovascular risk factors as well as the
improvement of insulin action on tissue, leading favorably
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on prevention and treatment of type 2 diabetes. The early
studies offering preliminary evidence for the benefits of
resistance training with type 2 diabetic patients were pub-
lished 10 years ago. Honkola et al. [20] reported how
5 months of progressive circuit resistance training did not
result in a significant reduction in HbA |, but the difference
between the exercise and comparison groups pre to post-
intervention was significant, primarily due to a 0.4% rise in
the non-exercising group. However, resistance training
significantly lowered LDL cholesterol and reduced fasting
triglycerides levels compared with the non-exercising
control group. Eriksson et al. [21], demonstrated how three
months of moderate-intensity circuit resistance training
significantly decreased HbA,., a reduction mainly due to
improvements in lean body mass, as a strong inverse cor-
relation between HbA;. and muscle cross-sectional area
post-training. The first RCT by Dunstan et al. [22] reported
how moderate-intensity circuit resistance training reduced
the plasma insulin response to glucose ingestion during an
oral tolerance test, which finally led to improved self-
monitored blood glucose measurements. Ishii et al. [23]
used a hyperinsulinemic-euglycemic clamp to verify that
glucose disposal rate increased by 48% with high volume,
moderate-intensity resistance training performed over 4-6
weeks compared with non-exercising control. Both Dun-
stan and Ishii reported a non-significant change in HbA
whose most likely explanation by the short duration of
training (8 and 6 weeks, respectively) or the lack of
intensity and/or volume, which may not have allowed the
full effect of the intervention on HbA . to occur. Later, two
extensive RCTs incorporated higher intensity resistance
training and a longer duration was executed. Dunstan [24]
randomized 36 overweight older men and women into a
progressive resistance training plus moderate weight loss
group or a moderate weight loss group, which did not
execute any specific exercise training (only flexibility
exercises). A greater reduction in HbA . was observed in
the training group compared to weight loss alone in the
absence of difference for waist circumference or total fat
mass between groups. Similar findings were reported by
Castaneda [25], who randomized 62 older adults into either
supervised high-intensity progressive resistance training or
a non-exercising control group. In the resistance training
group muscle glycogen storage increased by 31% and
HbA,. was reduced from 8.7 to 7.6%; systolic blood
pressure was also reduced, with a mean increase in lean
tissue mass of 1.2 kg. There were no differences in other
cardiovascular risk factors such HDL, LDL and total cho-
lesterol levels. The control group exhibited no change in
HbA . and a 23% reduction in muscle glycogen storage.
Another important finding of the Castaneda study was that
medication for diabetes was reduced by 72% for individ-
uals in the resistance-trained group when compared with

3% in the control group. Slightly more moderate-intensity
resistance exercise programs were utilized by Baldi et al.
[26] in another RCT. They reported a significant reduction
in HbA,., fasting glucose and insulin and a significant
increase in fat-free mass. Dunstan [24], Castaneda [25] and
Baldi [26] agree that increases in skeletal muscle mass are
related to decreases in HbA . and support the hypothesis
that resistance training improves glycemic control by
increasing the skeletal muscle storage of glucose. It is still
not clear, however, if this effect is due to an increase in
muscle size and/or qualitative changes of certain muscular
functions. The conclusion that increased muscle mass
could clear an increased amount of blood glucose, was
reported by Miller et al. [27] evaluating the effects of
resistance training in young males after a 10-week resis-
tance program. He observed, that in post-training as
opposed to pre-training, that during an oral glucose toler-
ance test reduced levels of insulin were required to achieve
the same effect on plasma glucose concentration with the
glucose response unaltered, suggesting an improvement in
insulin sensitivity. This increased insulin sensitivity was
correlated with increased lean body mass, leading to the
conclusion that the effects of resistance training on insulin
sensitivity were attributable to an increase in muscle mass.
Later, however, others argued for changes in quality of the
muscle, as opposed solely to quantity, as important for
improving skeletal muscle insulin sensitivity [28]. Also
Ishii et al. [23] reported that insulin sensitivity occurred in
the absence of an alteration in lean body mass, with data
conveyed relative to the fat-free mass, as an attempt to
compensate for the effect of a larger muscle mass in
resistance-trained individuals, suggesting that qualitative
improvements in skeletal muscle function play a role in the
resistance training induced improvements in insulin sensi-
tivity. Two more recent interesting studies helped to
address this issue. One was conducted on humans [29], the
other on rats [30]. The results of Holten et al. [29] con-
tradict previous research arguing that improved insulin
signaling is determined by increased muscle mass rather
than quality in response to a strength-training period. They
strength-trained an individual leg of healthy subjects and
patients with type 2 diabetes. After strength-training,
muscle biopsies were obtained, and an isoglycemic-
hyperinsulinemic clamp and arteriofemoral venous
catheterization of both legs performed. They found that
strength-training of a single leg increases insulin-mediated
glucose clearance in both groups and the adaptation was
considered attributable to local contraction-mediated
mechanisms involving key proteins in the insulin signaling
cascade. This effect was independent of an increase in
muscle mass. Thus, skeletal muscle also adapts qualita-
tively to a strength-training program. Moreover, the study
has revealed possible mechanisms behind the effect of

@ Springer



18

Acta Diabetol (2010) 47:15-22

training (i.e., changes in protein contents of GLUT4, PKB
and GS). Finally, they have shown that the adaptations
occurred in response to a minimal training effort, which
could easily be carried out on a larger scale. Ibanez et al.
[31] demonstrated that resistance exercise reduces visceral
and subcutaneous fat with an increase in insulin sensitivity.
Since abdominal adiposity has also been linked to insulin
resistance, this could be another mechanism to explain the
positive effects of resistance training on insulin resistance
and even though the small sample size and uncontrolled
study design mean that care should be taken in interpreting
these findings it would appear that reductions in visceral
and subcutaneous adiposity with resistance training might
not be the mechanism responsible for the improved insulin
sensitivity with this type of training [32]. In the light of the
available evidence, it appears that resistance training could
be an effective intervention to assist glycemic control,
especially since, according to the three major RCTs
[24-26] the effects of this form of intervention are com-
parable of aerobic exercise as reported in Boule et al. [12]
meta-analysis. Moreover, there exists some controversy
over whether the exercise-induced benefits of glucose and
insulin control are a result of multiple single bouts of
exercise or whether there is a chronic training benefit.

Combined aerobic and resistance exercise

Whether combined resistance and aerobic training offers a
synergistic and incremental effect on glycemic control in
individuals with type 2 diabetes is an issue that has been
addressed by a number of studies [33-35]. Moreover, if
there is an incremental value to combined aerobic and
resistance training—as opposed to separately—is another
interesting research question that has been addressed in the
studies by Cuff et al. [36] and more recently by Sigal et al.
[37]. Maiorana [33] investigated the effects of an 8-week
long circuit training program, combining aerobic and
resistance exercise, compared with a non-training period.
Subjects were randomly allocated a group. Muscular
strength increased with training while skin folds, the per-
centage of body fat and waist:hip ratio significantly
decreased. Concurrently, following training, peak oxygen
uptake and exercise test duration increased, with a decrease
in HbA,. and fasting blood glucose. Balducci et al. [34]
demonstrated that even low- to moderate-intensity resis-
tance training, combined with moderate aerobic exercise
three times a week for a year significantly improved met-
abolic and lipidic profiles, adiposity and blood pressure.
More specifically, compared with a non-exercising com-
parison group, HbA;. and fat mass was significantly
reduced while fat-free mass increased. Additionally, fast-
ing blood glucose, LDL cholesterol and total cholesterol
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were significantly reduced while HDL cholesterol was
increased. The findings of this study demonstrate a global
improvement in cardiovascular risk factors with a marked
improvement in HbA . and highlight the potential benefits
of combined training for individuals with type 2 diabetes.
Furthermore these findings also identify that longer dura-
tion, more moderate resistance training may be as efficient
as short-term high-intensity programs at maintaining glu-
cose homeostasis and reducing cardiovascular risk factors.
However, as stated in a recent review by Eves and
Plotnikoff [32], some caution is required in the interpre-
tation of these results, as study participants were allowed to
select an exercise or non-exercise group and Balducci et al.
[34] did not report the post-intervention change between
groups. The purpose of the study published by Tokmakidis
et al. [35] was to investigate the short-term (1 month) and
long-term (4 month) effects of a combined program con-
sisting of two aerobic and two training sessions a week in a
group of nine postmenopausal women. Significant reduc-
tions were observed in both the glucose and insulin areas
under the curve after 4 weeks of training. These adapta-
tions were further improved after 16 weeks. HbA ;. was
significantly decreased after 4 weeks and after 16 weeks of
exercise training. In addition, cardiovascular endurance
and muscular strength were significantly improved after 4
and 16 weeks of training. Body mass and body mass index,
however, were not significantly altered throughout the
study. The results indicate that a combined training
program of strength and aerobic exercises could induce
positive adaptations on glucose control, insulin action,
muscular strength and exercise tolerance in women with
type 2 diabetes. Cuff et al. [36] were the first to compare
combined aerobic and resistance training with an aerobic-
only training group as well as a non-exercising control
group. While both training regimes (combined and aerobic-
only) resulted in significant reductions in body weight and
abdominal adiposity, only the combined group revealed
improved insulin sensitivity, glucose disposal and a
markedly greater increase in muscle density. Improved
glucose disposal with training was significantly related to
the reductions in abdominal subcutaneous and visceral
adipose tissue. These findings are at variance with the
above-mentioned study of Ibanez et al. [31] and would
suggest that improved glucose clearance was a result of
both reduced visceral adiposity as well as enhanced muscle
quality. Although this study [36] showed a lack of varia-
tions in HbA . values between the groups, the low average
baseline HbA . (6.7%) and small sample (9-10 persons per
group) limited the capacity to detect a difference. The most
recent study (and the only one with this study design)
aimed to evaluate whether combined resistance and aerobic
training offers an incremental value versus either alone and
versus a sedentary control group is the DARE (Diabetes
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Aerobic and Resistance Exercise) by Sigal et al. [37]. The
primary outcome was a change in HbA . from baseline to
termination of the intervention and the secondary outcomes
of plasma lipid levels, blood pressure and body composi-
tion. The hypothesis of the study was that the decrease in
HbA,. would be greater in the aerobic and resistance
training groups than the control group and would be even
greater in the combined exercise training group than the
aerobic or resistance training group. The absolute change in
HbA,. was significantly higher in both the aerobic and the
resistance training group compared with the control group.
Combined exercise training resulted in an additional
change in HbA,. that achieved statistical significance if
compared with aerobic training alone and with resistance
training alone. Changes in blood pressure and lipid values
did not significantly differ statistically among groups;
adverse events were more common in the exercise groups
(Tables 1, 2).

Table 1 Summary of the most significant studies

Summary and conclusions

In recent years, clinical trials and cohort studies have
highlighted the role of physical activity in the prevention of
type 2 diabetes. Most of the studies have focused on people
with impaired glucose tolerance because they are high risk
of developing type 2 diabetes. Interventions have been
diverse and can generally be defined as ‘lifestyle inter-
ventions’ with the mechanisms under investigation con-
sisting of diet, physical activity, exercise, separately or in
combination. The prime objective of diabetes therapy—the
reduction of body fat and hyperglycemia—was shown to be
potentially reversible following appropriate lifestyle inter-
vention that incorporates physical activity. The most sig-
nificant randomized clinical trials published in the
literature evaluated the effect of dietary and physical
activity interventions in populations at high risk for
developing diabetes. However, not only the role of physical

Author Subjects w S TM. Program

Eriksson et al. [21] 8 12 3 CWT 1 set of 15-20 reps; 30 s between exercises

Honkola et al. [20] 38 (18E + 20C) 20 2 CWT 8-10 ex; 2 sets of 12-15 reps; 30 s light cycling
between exercises

Dunstan et al. [22] 27 (15E + 12C) 8 3 CWT 2/3 Sets of 10-15 reps

Ishii et al. [23] 17 (9E + 8C) 46 5 RT 9 Ex. 40-50% 1RM; upper body 2 x 10, lower body
2 x 20

Maiorana et al. [33] 16 8 3 CT 7-8 Res. Exe + 7 cycling stations, RT 55-65%
IRM, AT 85% Max HR

Dunstan et al. [24] 36 (19E + 17C) 26 3 PRT 9 Ex. Weeks 1-2, 50-60% 1RM; Weeks 3-26,
75-80% 1RM, 8-10 reps

Castaneda et al. [25] 62 (31E + 31C) 16 3 PRT 5 Ex. Weeks 1-8, 60-80% 1RM; Weeks 10-14,
70-80%; Week 9 and 15 decrease of 10%

Baldi et al. [26] 18 (9E + 9C) 10 3 PRT 10 Ex. 10 RM, upper body 15 RM, lower body,
intensity progression of 5%

Fennicchia et al. 14 (7E + 70) 6 3 RT 8 Ex. Intensity 8-12 RM 3 x 8-12

(2004)

Ibanez et al. [31] 9 16 2 PRT 7-8 Ex. Weeks 1-8, 50-70% 1RM 3 x 10-15;
Weeks 9-16, 70-80% 1RM 3-5 x 80% IRM

Cuff et al. [36] 28 (9C + 10E + 9E) 16 3 RT + AT vs. AT 5 Ex. RT intensity not reported, 2 x 12 AT many
different modes at 65% HRR

Tokmakidis et al. [35] 9 16 2 RT + AT RT 6 Ex. 60% 1RM 3 x 10-15; AT walking
jogging at 65-75% MHR

Balducci et al. [34] 120 (60E + 60C) 56 3 RT + AT 6 Ex. RT 40-60% 1RM 3 x 12; AT 40-80% HRR

O’Donovan et al. [16] 36 (13C + 10E + 13E) 24 3 AT (HI vs. LI) Cycle ergometer at 60 or 80% of VOjax

Coker et al. [17] 21 12 4 AT (HI vs. L) Cycle ergometer at 50 or 75% of VO, ax

Di Pietro et al. [18] 25 36 4 AT (HI vs. LD) Treadmill; mini trampoline; rowing ergometer at
65% or 80% of VOomax

Sigal et al. [37] 251 22 3 AT vs. RT vs. AT (treadmill or bicycle) at 60-75% of MHR. RT

(64C + 60E + 64E + 63E)

AT + RT

(7 strength machines—2/3 sets at 80% 1RM)

W weeks of training, S session per week, TM training modality, CWT circuit weight training, PRT progressive resistance training, RT resistance
training, AT aerobic training, HI high intensity, LI low intensity, Ex. exercise, HRR heart rate reserve, MHR maximal heart rate
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Table 2 Summary of the most significant study’s results

Author

Main results

Eriksson et al. [21]
Honkola et al. [20]
Dunstan et al. [22]
Ishii et al. [23]

Maiorana et al. (2002)

Dunstan et al. [24]

Castaneda et al. [25]
Baldi et al. [26]
Fennicchia et al. (2004)

CWT determined a decrease in HbA.; no change in fasting plasma glucose
Exercise group improved in HbA; total cholesterol, LDL and triglycerides
Significant reduction of both the glucose and insulin area under the curve at 2-h OGTT

Increase of glucose disposal rate during hyperinsulinemic-euglycemic clamp. Increase in quadriceps
strength. No changes in body composition

Increase of muscular strength and peak oxygen uptake. Decrease of skinfolds, % of body fat, waist-to-hip
ratio, HbA . and fasting glucose

Decrease in HbA . body weight and fat mass. Increase in lean body mass. No changes in fasting glucose,
insulin, serum lipoproteins and resting BP

Decrease in HbA;. and in prescribed diabetes medications. Increase in muscle glycogen stores
Ten weeks of PRT determined a decreased in fasting blood glucose and HbA .. No changes at the OGTT

Increase of muscular strength and integrated glucose concentration after the acute bout of exercise. No
changes in insulin concentration after any exercise bout

Ibanez et al. [31]

PRT determined increase of legs and arm strength and increase of insulin sensitivity. Fasting blood

glucose, visceral and subcutaneous fat decreased

Cuff et al. [36]

Combined (AT + RT) training determined greater increase in glucose infusion rate and muscle density

than AT only group. Both groups decreased subcutaneous and visceral fat

Tokmakidis et al. [35]

At 2-h OGTT: reductions of glucose and insulin areas under the curve. Improvement of muscular strength

and aerobic capacity. No changes of body mass index

Balducci et al. [34]
blood glucose and HbA .

O’Donovan [16]

12 months of low intensity combined aerobic 4+ resistance exercise determined a decreased in fasting

Moderate-intensity exercise is as effective as high-intensity exercise when 400 kcal are expended per

session in: insulin sensitivity score and insulin concentration

Coker et. al. [17]

Insulin stimulated glucose disposal did not changed with moderate-intensity exercise training while it

increased by 20% with high-intensity exercise

Di Pietro [18]

Long-term higher intensity exercise provide more enduring benefits on insulin action compared with

moderate or low intensity exercise

Sigal et al. [37]

Either aerobic or resistance training alone improve glycemic control in type 2 diabetes, but the

improvements are greater with combined aerobic and resistance training

activity but also that of exercise has long been recognized
in the treatment regimen of type 2 diabetes patients, which
results in a variety of physiological and metabolic adap-
tations in both non-diabetic and diabetic subjects. As a
result, a considerable amount of literature has been pub-
lished in recent years trying to identify safe and effective
exercise programs for this section of population. The
benefits of aerobic exercise are well documented and their
effects in patients with type 2 diabetes are widely perceived
to be beneficial for glycemic control, weight loss, and the
control of lipids and lipoproteins. Some recent meta-anal-
ysis has been particularly useful in summarizing and ana-
lyzing prior research and the effects of aerobic exercise on
HbA ., the major marker of glycemic control have become
well established. However, the most interesting question to
be addressed today, it is not the effect of aerobic exercise
itself but the effect of exercise intensity.

Well-conducted meta-analysis has shown that intensity
is a better predictor than exercise volume of both the dif-
ference in HbA ;. and VO, between the exercise and the
control group. The effect of exercise intensity was also
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recently evaluated on insulin sensitivity by means of ran-
domized controlled trials that compared the effects on
insulin sensitivity of different intensities of aerobic exer-
cise training with the same total energy expenditure on
exercise. In conclusion, we can say that interventions with
more vigorous aerobic exercise programs resulted in
greater reductions in HbA;., greater increase in VOjpax
and greater increase in insulin sensitivity.

Also resistance training has been shown to be beneficial
with type 2 diabetic patients in a number of studies. Con-
sidering the available evidence, it appears that resistance
training could be an effective intervention to help glycemic
control, especially considering that the effects of this form
of intervention as reported in the three major RCTs is
comparable with what reported with aerobic exercise.
Whether combined resistance and aerobic training offers a
synergistic and incremental effect on glycemic control in
individuals with type 2 diabetes is an issue that has been
addressed by a number of studies; in general, the results
indicated that a combined training program of strength and
aerobic could induce positive adaptations on glucose
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control, insulin action, muscular strength and exercise
tolerance. Moreover, if there is an incremental value to
combined aerobic and resistance training as opposed to
either separately is another interesting research question
that has been addressed in research recently. Combined
exercise training seems to determine additional change in
HbA . that can be seen significant if compared with aer-
obic training alone and resistance training alone.

However, from this review, it is clear that no known
studies have been conducted to address the efficacy of
combined resistance and aerobic training program over the
long term on a large group of patients with type 2 diabetes,
since the longest study duration was 6 months. Moreover,
no research has yet been undertaken on the efficacy of a
mixed exercise interventions versus a control group that
was neither a non-exercise group nor an exercise group
training with aerobic or strength exercises.

Moreover, no studies have evaluated the effect of dif-
ferent exercise intensities on HbA;., some selected physi-
ological parameters (VO,,.x, maximal strength, flexibility)
as well as on cardiovascular risk factors.
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