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A

erobic exercise has consistently
been shown to improve glucose
control (1–3), enhance insulin
sensitivity (2,4,5), and improve cardiovascular risk factors such as visceral adiposity (2), lipid profile (6), arterial
stiffness (7), and endothelial function
(8). Consistent with this evidence, the
American Diabetes Association (ADA)
recommends that individuals with type
2 diabetes perform at least 150 min of
moderate-intensity aerobic exercise
and/or at least 90 min of vigorous aerobic exercise per week (9). Although a
lifestyle modification of this nature
could have substantial impact on the
metabolic and cardiovascular health of
this population, it is often difficult for
those who have been habitually sedentary to adhere to these guidelines. Indeed, a recent population-based study
found that only 28% of individuals with
type 2 diabetes achieve these recommendations (10). Unfortunately, it is
frequently those who would benefit the
most from aerobic exercise that have the
greatest difficulty performing it. For individuals with severe obesity, arthritis,
physical disabilities, and/or diabetes
complications, even walking for 20 –30
min may be challenging, uncomfortable, and/or painful to perform. With
the continued increase in the prevalence of type 2 diabetes (11), it is evident that alternate forms of physical
activity that produce similar metabolic
improvements to aerobic exercise may
be beneficial in the management of this
disease.
Resistance training has recently

been recognized as a useful therapeutic
tool for the treatment of a number of
chronic diseases (12–19) and has been
demonstrated to be safe and efficacious
for the elderly (20,21) and obese (22)
individuals. Similar to aerobic exercise,
resistance training has been reported to
enhance insulin sensitivity (23–25),
daily energy expenditure (26,27), and
quality of life (20,28). Furthermore, resistance training has the potential for
increasing muscle strength (13,29,30),
lean muscle mass (31), and bone mineral density (32,33), which could enhance functional status and glycemic
control and assist in the prevention of
sarcopenia and osteoporosis. However,
unlike aerobic exercise, such as walking, resistance training is dependent on
equipment, knowledge of exercise technique, and often requires some initial
instruction. Subsequently, if resistance
training is going to be a realistic form of
exercise for individuals with type 2 diabetes, research is needed to discover
practical, sustainable, and economically
viable ways to safely implement resistance training at a population level.
Therefore, the primary aim of this review was to examine the available literature to investigate whether resistance
training is an effective form of exercise
for managing glucose homeostasis in individuals with type 2 diabetes. Furthermore, a secondary aim was to also
consider strategies and areas for future
research to assist with the implementation of resistance training at the population level.
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RESISTANCE TRAINING
FOR THE MANAGEMENT OF
TYPE 2 DIABETES — To examine
whether resistance training is an effective
form of exercise for managing glucose homeostasis in type 2 diabetes, a comprehensive review of the literature was
performed using four electronic databases
(MedLine, EMBASE, CINAHL, and
Sports Discus). A number of key word
combinations were searched within these
databases associated with “diabetes mellitus,” “type 2 diabetes,” “noninsulin dependent diabetes mellitus,” “resistance
training,” “strength training,” “physical
activity,” and “exercise.” These searches
produced a substantial volume of literature, which was subsequently limited to
resistance training studies recruiting individuals with type 2 diabetes written in
English. Twenty-four studies were identified, but 4 were excluded (34 –37), as
they did not report the effects of resistance training on HbA1c (A1C), insulin
sensitivity, and/or body composition. The
remaining 20 studies (22,38 –56) are included in this review and/or summarized
in Table 1.
Early studies offered preliminary evidence for the beneficial effects of resistance training (45,46,50,52); however,
these studies often had significant methodological limitations. Erikkson et al.
(46) demonstrated that 3 months of moderate-intensity circuit resistance training
decreased A1C from 8.8 to 8.2%. This reduction in A1C was likely due to improvements in lean body mass, as a strong
inverse correlation (r ⫽ ⫺0.73; P ⬍ 0.05)
was observed between A1C and muscle
cross-sectional area posttraining. Similarly, Honkola et al. (50) reported that 5
months of progressive circuit resistance
training significantly lowered LDL cholesterol and reduced fasting triglycerides
compared with a nonexercising comparison group. Even though no significant reduction in A1C was observed, the
difference in A1C between the exercise
and comparison groups pre- to postintervention was significant, primarily due to a
0.4% rise in the nonexercising group (P ⬍
0.01).
In the first randomized controlled
trial (RCT), Dunstan et al. (45) reported
1933
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Table 1—Summary of resistance training– only or resistance training plus aerobic training studies
Source
Resistance training–
only trials
Eriksson et al. (46)

n/design

8/NTD

Study length

Exercise prescription

Primary findings

CWT, 11 exercises, intensity
2 in A1C with RT;
⬎50% PME; 1 set of 15–20
(8.8 ⫾ 1.4 to
repetitions; 30 s rest between
8.2 ⫾ 1.4%, P ⬍ 0.05)
exercises
Two times/week CWT, 8–10 exercises, intensity 7 in A1C with RT
for 5 months
⫽ moderate; 2 sets of 12–15
(7.5 ⫾ 0.3 to
repetitions; 30 s light cycling
7.4 ⫾ 0.2%); ⌬ in A1C
between exercises
with RT was different
from control, P ⬍ 0.05
Three times/week CWT, 10 exercises, intensity
7 in A1C with RT
for 8 weeks
50–55% 1 RM; weeks 1 and
(8.2 ⫾ 0.5 to
2, 2 sets of 10–15
8.0 ⫾ 0.5%); 7 in A1C
repetitions; weeks 3–8, 3 sets
in control (8.1 ⫾ 0.6 to
of 10–15 repetitions; 30 s
8.3 ⫾ 0.7%); no
rest between exercises
difference between
groups
Five times/week
9 exercises, intensity 40–50% 1 1 glucose disposal rate
for 4–6 weeks
RM; upper body: 2 sets of 10
with RT, P ⬍ 0.05; 7
repetitions, lower body: 2
in A1C with RT
sets of 20 repetitions; ⬍60 s
(9.6 ⫾ 2.8 to
rest between sets
7.6 ⫾ 1.3%); 7 in A1C
in control (8.8 ⫾ 2.1 to
7.6 ⫾ 1.9%)
Three times/week 9 exercises; weeks 1 and 2,
2 in A1C with RT⫹WL
for 6 months
intensity 50–60% 1 RM;
(1.2 ⫾ 0.9%, P ⬍ 0.01);
weeks 3–26, intensity goal
7 in A1C with WL only
75–80% 1 RM; 3 sets of 8–10
(0.4 ⫾ 0.8%)
repetitions; 90–120 s rest
between sets
Two times/week
for 3 months

Secondary findings

7 in HDL, LDL, fasting blood
glucose, triglycerides, or BMI
2 LDL, triglycerides, and total
cholesterol with RT (P ⬍
0.05); 7 in BMI; 1 in HDL
in control

Honkola et al. (50)

38: 18 RT and 20
control
subjects/NRCT

Dunstan et al. (45)

27: 15 RT and 12
control
subjects/RCT

Ishii et al. (52)

17: 9 RT and 8
control
subjects/NRCT

Dunstan et al. (43)

36: 19 RT⫹WL
and 17 WLonly subjects/
RCT

Castaneda et al. (40)

62: 31 RT and 31 Three times/week 5 exercises; weeks 1–8,
control
for 16 weeks
intensity 60–80% 1 RM;
subjects/RCT
weeks 10–14, intensity 70–
80% 1 RM; weeks 9 and 15,
intensity reduced by 10%; 3
sets of 8 repetitions

2 in A1C with RT
(8.7 ⫾ 0.3 to
7.6 ⫾ 0.2%, P ⬍ 0.01);
7 in A1C in control
(8.4 ⫾ 0.3 to
8.3 ⫾ 0.5%)

Baldi et al. (38)

18: 9 RT and 9
control
subjects/RCT

Fennichia et al. (47)

7 RT (type 2
Three times/week 8 exercises, intensity 8–12 RM;
diabetic) and 8
for 6 weeks
3 sets of 8–12 repetitions; 90
RT (healthy
s rest between sets
control)
subjects/NRCT

Ibanez et al. (51)

9/NTD

Two times/week
for 16 weeks

2 in A1C with RT
(8.9 ⫾ 0.8 to
8.4 ⫾ 0.6%, P ⫽
0.057); 7 in A1C in
control (8.5 ⫾ 0.7 to
8.4 ⫾ 0.6%)
2 area under the OGTT
curve for glucose after
acute RT, P ⬍ 0.01; 7
area under the OGTT
curve for glucose after
chronic RT; A1C not
reported
2 in intra-abdominal
adipose tissue with RT
(10.3%, P ⬍ 0.001); 2
in abdominal
subcutaneous fat with
RT (11.2%, P ⬍ 0.001);
7 in A1C with RT
(6.2 ⫾ 0.9 to
6.2 ⫾ 0.9%)

16/randomize
cross-over
design

2 fasting blood glucose and
Three times/week Circuit ⫽ 7 resistance exercises, 2 A1C with RT ⫹ AT
(8.5 ⫾ 0.4 to
percent body fat with
for 8 weeks
8 cycling stations, and 5 min
7.9 ⫾ 0.3%, P ⬍ 0.05);
RT⫹AT, P ⬍ 0.05; 7 in
walking; RT intensity 55–
1 flow-mediated
HDL, LDL, triglycerides, or
65% 1 RM for 15 repetitions;
dilation; 1 forearm
BMI; 1 Vo2peak with
AT intensity 70–85% HRpeak;
45 s exercise and 15 s rest;
blood flow ratio to
RT⫹AT, P ⬍ 0.05
progressed up to 3 circuits
acetylcholine (P ⬍ 0.05)

Combined resistance
training and
aerobic training
trials
Maiorana et al.
(53,54)

Three times/week 10 exercises, intensity 10 RM
for 10 weeks
upper body, 15 RM lower
body; intensity progressively
increased by 5%; 60 s rest
between sets

7–8 exercises; weeks 1–8,
intensity 50–70% 1 RM, 3–4
sets of 10–15 repetitions;
weeks 9–16, intensity 70–
80% 1 RM, 3–5 sets of 5–6
repetitions; 20% of training:
30–50% 1 RM, 6–8
repetitions, 3–4 sets as
rapidly as possible

2 area under the OGTT curve
for insulin and glucose
following RT relative to
control, P ⬍ 0.05; 7 in
fasting blood glucose, fasting
insulin, or BMI
7 body composition; 7 in
BMI; 7 in Vo2peak

2 in body mass and waist
circumference in both
groups, P ⬍ 0.01; 2 in fat
mass in both groups, P ⬍
0.01; 7 in HDL, LDL,
fasting blood glucose, or
triglycerides
1 in muscle glycogen with RT
and a 2 with control, P ⬍
0.05; 1 in lean mass with
RT, P ⬍ 0.05; 2 systolic
blood pressure with RT; 7
in HDL, LDL, fasting blood
glucose, triglycerides, or BMI
2 in fasting insulin and fasting
blood glucose with RT, P ⬍
0.05; 7 in 2-h glucose or
insulin; 1 in fat-free mass
with RT, P ⬍ 0.05
2 in fat mass in type 2
diabetic but not in healthy
control subjects P ⬍ 0.01;
1 fat-free mass in healthy
control but not type 2
diabetic subjects P ⬍ 0.01;
7 in BMI
1 in insulin sensitivity with
RT (46.3%, P ⬍ 0.01); 2
fasting blood glucose; 7 in
BMI

Continued on following page
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Table 1—Continued
Source

n/design

Study length

Exercise prescription

28: 9 AT, 10
Three times/week RT ⫽ 5 exercises; RT intensity
RT⫹AT, and 9
for 16 weeks
not reported; 2 sets of 12
control
repetitions; AT: many
subjects/RCT
different modes; AT intensity
60–75% HRR; duration not
reported
Tomakidis et al. (56) 9 RT⫹AT
Two times/week RT ⫽ 6 exercises; RT intensity
subjects/NTD
for 4 months
60% 1 RM; 3 sets of 12
repetitions; AT: walking/
jogging; AT intensity 70–
85% HRpeak; duration 40–45
min
McGavock et al. (55) 24: 17 RT⫹AT
Three times/week RT ⫽ 7 exercises; RT intensity
and 7 control
for 10 weeks
50–70% 1 RM; 3 sets of 10–
subjects/NRCT
15 repetitions; AT: cycling;
AT intensity 65–75% HRR;
duration 30–55 min
Balducci et al. (39)
120: 62 RT⫹AT Three times/week RT ⫽ 6 exercises; RT intensity
and 58 control
for 1 year
40–60% 1 RM; 3 sets of 12
subjects/RCT
repetitions; AT: many
different modes; AT intensity
40–80% HRR; duration 30
min

Cuff et al. (22)

Primary findings

Secondary findings

Greater glucose disposal
2 in abdominal visceral and
rate in RT⫹AT than AT,
subcutaneous adipose tissue
P ⬍ 0.05; 7 in A1C in
(P ⬍ 0.05) in both groups;
any group
1 in muscle density greater
in RT⫹AT than RT (P ⬍
0.05)
2 area under the OGTT
7 in fasting insulin; 7 in BMI
curve for insulin (P ⬍
0.05) and glucose (P ⬍
0.01); 2 A1C with
RT⫹AT (7.7 ⫾ 1.7 to
6.9 ⫾ 1.0%, P ⬍ 0.01)
1 in large artery
1 in Vo2peak (P ⬍ 0.05); 7 in
compliance (P ⬍ 0.05);
insulin sensitivity; 7 in
7 in A1C (6.6 ⫾ 0.9 to
HDL, LDL, fasting blood
6.4 ⫾ 0.6%)
glucose, triglycerides, or
BMI
2 A1C with RT⫹AT
1 in HDL*; 2 in LDL, fasting
(8.3 ⫾ 1.7 to
blood glucose, triglycerides,
7.1 ⫾ 1.2%)*
BMI, and fat mass*; 2 in
waist circumference*; 2 in
systolic blood pressure (P ⬍
0.04) and diastolic blood
pressure*; 1 in fat-free
mass*

AT, aerobic training; CWT, circuit weight training; HRpeak, heart rate peak; HRR, heart rate reserve; NRCT, non-RCT; NTD, nontrial design; OGTT, oral glucose
tolerance test; PME, preceived maximal exertion; RM, repetition maximum; RT, resistance training; Vo2peak, peak O2 consumption. *P ⬍ 0.0001.

that moderate-intensity circuit resistance
training significantly reduced the plasma
insulin response to glucose ingestion during an oral glucose tolerance test, which
led to improved self-monitored blood
glucose measurements. Complementary
to these findings, Ishii et al. (52) demonstrated that the glucose disposal rate measured by hyperinsulinemic-euglycemic
clamp increased 48% with high-volume
(five times per week) moderate-intensity
resistance training performed for 4 – 6
weeks compared with a nonexercising
control. However, no statistical change in
A1C was observed (9.6 ⫾ 2.8 to 7.6 ⫾
1.3%). The nonsignificant change in A1C
reported in these two studies can likely be
explained by the short duration of training used, which may not have allowed the
full effect of the intervention on A1C to
occur (52). Further explanation of these
findings may also be due to an insufficient
intensity and/or volume of resistance
training to optimally change body
composition.
These earlier studies were supported
by two larger RCTs (40,43) that investigated the effects of a longer, higherintensity resistance training intervention.
Dunstan et al. (43) randomized 36 overweight older men and women (aged
60 – 80 years) into a progressive resistance training plus moderate weight loss
(RT⫹WL) group or a moderate weight
loss control group who only performed
DIABETES CARE, VOLUME 29, NUMBER 8, AUGUST 2006

flexibility exercise (WL). A greater reduction in A1C was observed for the RT⫹WL
group (1.2%) compared with weight loss
alone (0.4%, P ⬍ 0.01). This finding was
observed without any difference between
groups for waist circumference or total fat
mass. However, the WL-only group
tended to lose lean body mass (0.4 kg),
while the RT⫹WL group tended to increase lean body mass (0.5 kg).
Similar findings were also reported by
Castenada et al. (40), who randomized 62
older adults to either supervised highintensity progressive resistance training
or a nonexercising control group for 4
months. In the resistance training group,
A1C was reduced from 8.7 to 7.6%, while
muscle glycogen storage increased by
31%. In contrast, the control group
showed no change in A1C and a 23% reduction in muscle glycogen storage. Systolic blood pressure was also reduced in
the resistance training group, but there
were no differences in other cardiovascular risk factors such as HDL, LDL, and
total cholesterol levels. Body weight remained stable in both groups, but there
was a mean increase in lean tissue mass of
1.2 kg in the resistance training group
that significantly correlated with the improvement in A1C (r ⫽ ⫺0.35, P ⫽
0.03). A secondary, but still important,
finding was that diabetes medication was
reduced for 72% of individuals in the resistance-trained group compared with

3% in the control group, while 7 and 42%
of individuals increased their medication
in each group, respectively. Although
these findings clearly support the benefits
of resistance training for lowering A1C, it
should be noted that the mean physical
activity levels of those in the resistance
training group significantly increased
during the study and may have contributed to the promising improvements
observed.
In another more recent RCT, Baldi et
al. (38) utilized a more moderate–
intensity program that emphasized muscle hypertrophy (i.e., 10 –15 repetitions
to failure with short rest periods) and reported that resistance training significantly reduced A1C (8.9 ⫾ 0.8 to 8.4 ⫾
0.6%, P ⫽ 0.057), fasting glucose, and
insulin. There was also a significant 6.9%
increase in fat mass in the control group
and a 3.5% increase in fat-free mass in the
resistance training group. Again, the increase in fat-free mass inversely correlated
with changes in A1C (r ⫽ ⫺0.63) and
fasting glucose (r ⫽ ⫺0.66), suggesting
that more moderate–intensity programs
can also affect muscle size and improve
glycemic control.
The common finding that increases in
skeletal muscle mass are related to decreases in A1C (38,40,46) supports the
hypothesis that resistance training improves glycemic control by augmenting
the skeletal muscle storage of glucose.
1935

Resistance training and type 2 diabetes
However, whether this is due to an increase in muscle size and/or qualitative
aspects of muscle function has not been
fully elucidated. Interestingly, insulin
sensitivity has been reported to occur
without a change in lean body mass (52),
which suggests that qualitative improvements in skeletal muscle function play a
role in the resistance training–induced
improvements in insulin sensitivity. In
support of this postulate, Holten et al.
(49) demonstrated that one-legged resistance training enhanced insulin action in
skeletal muscle in individuals with type 2
diabetes, which was likely independent of
increased muscle mass. Additionally, the
protein content of GLUT4, insulin receptor, glycogen synthase, and protein kinase
B-␣/␤ as well as total glycogen synthase
activity were enhanced. In concert, these
findings demonstrate improvement in the
insulin signaling pathway and in the regulation of insulin-mediated GLUT4 translocation, which would at least partially
explain the improved insulin sensitivity
with resistance training.
As abdominal adiposity has also been
linked to insulin resistance (57,58), it is
possible that resistance training reduces
visceral adiposity and improves insulin
sensitivity. Ibanez et al. (51) reported that
resistance training reduced visceral and
subcutaneous fat by 10.3 and 11.2%, respectively, while insulin sensitivity increased by 46.3%. Interestingly, no
significant relationship between the improvements in insulin sensitivity and the
losses in either visceral or subcutaneous
fat were found. Although care should be
taken in interpreting these findings due to
the small sample size and uncontrolled
study design, 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.
Considering the available evidence,
it appears that resistance training could
be an effective intervention to help improve glycemic control. Furthermore,
the effect of resistance training on A1C
reported in the three RCTs (38,40,43) is
comparable with that reported with aerobic exercise (1). Indeed, a recent RCT
(42) that randomized 43 individuals
with type 2 diabetes to either resistance
training or aerobic training (AT group)
for 4 months, reported that A1C was
significantly reduced with resistance
training (8.3 ⫾ 1.7 to 7.1 ⫾ 0.2%, P ⬍
0.001) but not aerobic training (7.7 ⫾
1936

0.3 to 7.4 ⫾ 0.3%, P ⬎ 0.05). The
change in A1C between the RT and AT
groups was also significant (P ⫽ 0.04).
Furthermore, fasting blood glucose and
insulin resistance were reduced and
lipid profile improved with resistance
training but not aerobic training. These
findings highlight the potential benefits
of resistance training for this population. However, with the substantial evidence that now supports both
resistance training and aerobic training
for managing glucose homeostasis, it is
possible that a combination of the two
exercise modalities may be the optimal
intervention.
Combined resistance and aerobic
training
Whether combined resistance and aerobic training would have a synergistic effect on glycemic control in individuals
with type 2 diabetes has been addressed
by a number of studies (22,39,53–56).
Maiorana et al. (53) used a prospective
randomized cross-over protocol to demonstrate that circuit training, with combined stations of aerobic and resistance
training, significantly improved both
peak oxygen consumption and muscular
strength. Additionally, A1C (8.5 ⫾ 0.4 to
7.9 ⫾ 0.3%) and fasting glucose were significantly reduced. Data from the same
sample in a later publication (54) also
showed that combined training enhanced
conduit and resistance vessel endothelial
function, as demonstrated by improvements in brachial artery flow-mediated
dilation and an improvement in the forearm blood flow ratio to acetylcholine. Although these data (53,54) supplied
evidence for the beneficial use of combined training, the cross-over design only
allowed comparison between combined
training and a nonexercising control.
In a more recent RCT, Cuff et al. (22)
randomized 28 obese postmenopausal
women with type 2 diabetes into either a
control, an AT-only, or an aerobic training plus resistance training (AT⫹RT)
group. While both training regimes resulted in significant reductions in body
weight and abdominal adiposity, only the
AT⫹RT improved insulin sensitivity and
glucose disposal. The AT⫹RT group also
exhibited a significantly greater increase
in muscle density than the AT-only
group. Improved glucose disposal with
training was significantly related to the reductions in abdominal subcutaneous (r ⫽
⫺0.64) and visceral (r ⫽ ⫺0.32) adipose

tissue as well as area of normal-density
muscle (r ⫽ 0.52). These findings are in
contrast to the aforementioned study by
Ibanez et al. (51) and would suggest that
improved glucose clearance was a result
of both reduced visceral adiposity as well
as enhanced muscle quality. However,
whether this is an effect of the resistance
or aerobic training or a combination of the
two still needs to be elucidated.
Further support for a combined approach comes from the largest published
study (39) performed in this area to date
(n ⫽ 120). Balducci et al. (39) demonstrated that low- to moderate-intensity resistance training combined with
moderate aerobic exercise three times per
week for 1 year significantly improved
metabolic and lipid profiles as well as adiposity and blood pressure. More specifically, compared with a nonexercising
comparison group, A1C was significantly
reduced from 8.3 to 7.1%, fat mass was
reduced 2.5%, while fat-free mass was increased 0.4 kg. Additionally, fasting
blood glucose, LDL cholesterol, and total
cholesterol were significantly reduced,
while HDL cholesterol was increased. The
findings of this study (39) demonstrate
more global improvements in cardiovascular risk factors than has currently been
reported in resistance training alone and,
in combination with the marked improvement in A1C, highlights the potential benefits of combined training for
individuals with type 2 diabetes. Furthermore, these findings also identify that
longer-duration, more moderate resistance training may be as beneficial as
short-term high-intensity programs for
maintaining glucose homeostasis and reducing cardiovascular risk factors. However, some caution is warranted in
interpreting these results, as study participants were allowed to self-select whether
they wanted to be in the exercise or nonexercise groups, and Balducci et al. (39)
does not report the between-group
changes observed postintervention.
Although previous studies (22,39)
have provided evidence for the benefit of
combined training versus aerobic training
or a nonexercising control group, it is still
unknown whether combined training offers any additional benefits over resistance training alone. The need still exists
for a large RCT that examines each training regime separately, and in combination, to provide more definitive evidence
in this area.
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Optimal resistance training
prescription for type 2 diabetes
Recent recommendations in the ADA
technical review (9) support the American College of Sports Medicine guidelines
(59) that resistance training be included
as an essential component of a wellbalanced physical activity program for
those with type 2 diabetes who do not
have contraindications to exercise. Specifically, the American College of Sports
Medicine advocates that resistance training should be performed on at least 2 days
per week, with a minimum of 8 –10 exercises involving the major muscle groups
for 10 –15 repetitions to near fatigue. The
American College of Sports Medicine further highlights that increased intensity or
additional volume of training could produce greater benefits and may be appropriate for some individuals (59).
Similarly, Sigal et al. (9) recommends that
resistance training should be performed
with all the major muscle groups, three
times a week, progressing to 8 –10 repetitions at a weight that cannot be lifted
⬎8 –10 times. The primary difference between these two prescriptions is the
higher intensity recommended for all individuals by the ADA, which is in light of
recent reports suggesting that highintensity resistance training is both feasible and appropriate for older individuals
with type 2 diabetes (9).
The recommendation from the ADA
is predominantly based on two RCTs
(40,43) demonstrating that highintensity resistance training improves
A1C, whereas studies using lower intensities have not found consistent improvements in this parameter (50,52). As
mentioned above, this may be more an
issue of study length than exercise intensity. However, the aforementioned study
by Balducci et al. (39) demonstrated that
even low levels of resistance training (40 –
50% 1 repetition maximum) in combination with moderate aerobic exercise was
sufficient to improve A1C to a similar extent to high-intensity resistance training
(40) and also reduced a number of cardiovascular risk factors. Therefore, there is a
need for research that can identify the optimal prescription of resistance training to
induce benefits in skeletal muscle adaptation and control of glucose homeostasis.
However, current data advocate that if individuals can be encouraged to make a
lifestyle change that incorporates longterm resistance training into their daily
routine, then resistance training is likely
DIABETES CARE, VOLUME 29, NUMBER 8, AUGUST 2006

to be beneficial for improving glycemic
control even at more moderate intensities.
FUTURE RESEARCH
CONSIDERATIONS FOR
IMPLEMENTING
RESISTANCE TRAINING AT
THE POPULATION LEVEL — It is
evident that research is now required that
not only documents the benefits of resistance training but also identifies practical
and economical ways to implement resistance training at the individual and population levels. The need for a populationbased approach is most apparent when
considering the risk to this population if
resistance training is not performed. Population attributable risk is the incidence of
a disease that is attributable to being exposed to a risk factor (i.e., not performing
resistance training) (60). Although we
currently cannot calculate a true population attributable risk for the risk of not
performing resistance training in the diabetic population, we can extrapolate the
population attributable risk concept with
existing published results to demonstrate
the impact of this behavior on reducing
diabetes-related complications at the
population level. Based on the estimated
criterion that a 0.6% absolute reduction
in A1C can reduce the risk of microvascular complications by as much as 32%
(61), along with the reported efficacy of
the three aforementioned RCTs (38,
40,43) that report a mean 0.9% reduction
in A1C, this translates to a 48% reduction
of microvascular complications. Further,
it is has been reported from a North
American population of type 2 diabetic
individuals (n ⫽ 1,193) that 88% do not
perform resistance training activities (62).
Therefore, even if population-level resistance training strategies were modestly
successful, their effects according to
Rose’s (63) population theorem, would
have significant impact on reducing the
burden of this disease at the population
level.
Despite the importance of increasing
activity levels in the type 2 diabetic population, there are numerous challenges
regarding the feasibility of implementing
this form of exercise. From a practical
standpoint, performing resistance training without initial instruction can be
daunting to the inexperienced and/or elderly individual, and few are likely to
adopt resistance training without supervision. Existing studies use resourceintensive, supervised, one-to-one
individual and clinically based ap-

proaches, and to date, we are unaware of
any that offer practical, sustainable, economically viable strategies to implement
resistance training as a viable physical activity option. The following addresses the
lack of literature in this area and identifies
needed research in this domain.
Long-term impact
No known research has been conducted
on the long-term efficacy, retention, and
adherence of resistance training programs
in this population, and there is a need for
research to examine these questions in
both clinical and nonclinical settings. It
may be that longer duration, low- to moderate-intensity resistance training programs that utilize slower progression may
be more beneficial than shorter, more intensive programs.
Settings and delivery modes
There may be inherent difficulties in implementing resistance training programs
that normally require supervision to unsupervised settings. Studies are required
to explore the feasibility of unsupervised
programs from initial instruction to graduated independence and the sequencing,
amount, and intensity of booster/
refresher sessions needed. Future research is also required to guide the
success of such programs to ensure the
feasibility, safety, and ultimate attitudinal, behavioral, and clinical efficacy of
such strategies.
To date, little is known about the effectiveness or feasibility of home-based
training, speciality gymnasiums, community-based education classes and programs, or the combinations of the above,
with and without clinical supervision.
The only known study in this area (44)
demonstrated that after a 6-month supervised gymnasium-based resistance training program, home-based resistance
training was effective for maintaining
muscle strength but was inadequate for
maintaining improvements seen in glycemic control during supervised training
(43). Adherence to the home-based resistance training program was significantly
lower (73%) compared with that previously observed for the supervised gymnasium-based training (88%). Similarly,
training volume decreased by 52% from
that previous being performed under supervision, and this reduction was primarily attributable to a 62% reduction in
training intensity (P ⬍ 0.001). Further research is required to understand the
types, combinations, temporal sequenc1937
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ing, and feasibility dimensions of such
potential approaches. Furthermore, it
would appear that a number of community gymnasiums and public fitness centers may have a significant role to play in
providing education and supervision to
individuals with type 2 diabetes. Typically, these centers have focused on
young athletic individuals; however, with
an aging population and a growing prevalence of type 2 diabetes (11), it may be
appropriate for these facilities to readdress their target market. There would appear to be a need for specialized trainers
and centers that can assist people with
type 2 diabetes to incorporate resistance
training safely and effectively into their
daily routine.
Research examining modes of delivery (e.g., combinations of print and computer-/web-based media and telephone
counseling, separately and in combination) for resistance training to the above
strategies must also be explored for their
feasibility, cost, and efficacy. Such approaches are feasible for populationbased approaches, as they have the
potential to reach a large number of individuals in a relatively cost-effective manner and have shown some success for the
general and diabetic populations in the
promotion of aerobic physical activity
(62,64,65). Further, tailored messages
appear to be more efficacious than generic
mass education approaches for producing
change across various health behaviors,
including physical activity, in population
studies (66,67). However, research to
date has focused on aerobic exercise, and
it cannot be assumed that the results of
such approaches are applicable to resistance training, given the technical nature
of this behavior. Research is needed to
examine the feasibility and efficacy of
such modes of delivery specifically for resistance training in this population.
Cost-effectiveness
Costs of resistance training programs for
both efficacy and effectiveness studies on
this population have yet to be determined. Therefore, there is an imperative
need to conduct cost-effectiveness analyses on intervention strategies, comparing
the incremental direct costs of the interventions relative to the incremental gain
in physical activity achieved within the
program period. Costs must also be examined at the individual (e.g., equipment
costs) and system (e.g., health care service
delivery) levels in terms of long-term,
economic feasibility.
1938

The need for specific resistance
training theory and measurement
There is a need for theoretically driven
approaches. Despite the mode of intervention delivery, great potential exists in
the utilization of social-cognitive theories
to explain behavior change and drive interventions/programs for diabetic populations (68,69). Indeed, approaches that
incorporate social-cognitive theories are
shown to be more efficacious than atheoretical-based interventions in the general
population (70). However, it is estimated
that only 12% of diabetes education and
behavioral research uses a theoretical base
(69).
Theoretical models need to be tested
in populations with type 2 diabetes to
identify factors that can be operationalized to achieve behavior change (69,71).
Identifying constructs and theories that
can be used to increase the degree of behavior change in diabetic populations will
enable interventions to be tailored more
effectively and ultimately increase treatment efficacy for lifestyle behavioral
change (66,69). Although recent studies
provide some initial support for the application of social-cognitive theories among
this population (i.e., self-efficacy is an important construct that facilitates aerobic
physical activity behavior change
[71,72]), these investigations have been
relatively exploratory in nature (62).
However, it is worth noting that socialcognitive theories have only been applied
for the promotion of aerobic-type activities; no study to date has assessed the determinants of resistance training in this
population. Indeed, there appears to be
only one published study (73) that has
explored resistance training correlates in a
sample of healthy older individuals. It is
crucial that the predictors of this behavior
are understood so that they may be appropriately tailored in subsequent interventions (74).
Given that the items/scales from current instruments are focused on aerobic
activity (72), they may not adequately reflect the relationship between the various
social-cognitive constructs and resistance
training when corresponding measures
are applied to this modality. For example,
perceived barriers, attitudes, and confidence toward an aerobic activity, such
as walking, may be very different for
resistance training. Testing theories/
models with appropriate measures would
enhance the ability of such theories to
explain this behavior and guide interventions. As there is no information to date

on the determinants of resistance training
in those with type 2 diabetes, the first step
to designing a successful resistance training intervention is to develop valid and
reliable measures, specific for this mode
of activity and population. These measures should then be used to assess the
salient and strongest predictors of resistance training to guide interventions by
operationalizing the appropriate theoretical constructs.
In addition to clinical markers, resistance training programs need to examine
other important outcomes for the type 2
diabetic population. To date, research has
not investigated the attitudinal, behavioral, and quality-of-life outcomes to resistance training. Further, researchers
should be encouraged to specifically assess resistance training–related cognitions and behaviors with validated
instruments in physical activity prevalence studies.
Models and frameworks
Such resistance training populationbased interventions and programs ultimately need to be focused at multiple
levels taking an ecological perspective.
Ecological models recognize the role of
the environment and the interrelationships within and between multiple environments or levels (75,76), allowing the
examination of the interaction among singular dimensions of the individual (e.g.,
biomedical, attitudinal, behavioral) with
these multiple components of one’s
context (i.e., social, organizational, community, public policy, and physical environments) (62). Ecological models
consider the interrelationships between
the individual and his/her environment,
as well as interactions within and between
the various ecological levels. Such models
could therefore provide a framework
through which the interaction of the singular dimensions of the individual with
the multiple components of his/her life
context can be examined for explaining
and promoting resistance training.
There is a need to couch and institutionalize resistance training education
and promotion strategies for public
health authorities in a guiding framework. The RE-AIM framework has been
applied in the evaluation of health behavior change interventions, specifically
those that target physical activity (77) and
diabetes (78,79). The framework is comprised of five evaluative components that
describe the overall population-based impact of an intervention: reach, efficacy,
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adoption, implementation, and maintenance (78). The RE-AIM framework focuses on the overall population-based
impact by placing emphasis on both internal and external validity while considering both individual and system level
outcomes. The use of such a framework
helps to prioritize public health issues as it
impacts real-world settings, facilitating the
translation of research into practice (78,80).
SUMMARY — There is now suggestive evidence supporting the use of resistance training for improving glycemic
control and insulin sensitivity in type 2
diabetes. However, the majority of studies
have used individually supervised training sessions, where participants have
been advised on exercise technique, prescription, and suitable progression. The
current evidence is that small resistance
training efficacy studies may not have applicability or generalizability at the population level for those living with type 2
diabetes. There is now a definite need for
larger, population-based efficacy and effectiveness studies that address the feasibility of resistance training on a broader
level. Such research should be theoretically driven and should strive to be costeffective, feasible in a variety of settings,
and effective over the long term, while
reaching a large proportion of the relevant
population. For success, it is important
that a coordinated interdisciplinary approach involving academics, governments, health care organizations,
practitioners, and the public should be
taken to promote resistance training behavior from the clinical to populationbased settings.

3.

4.

5.

6.

7.

8.

9.

10.

11.
Acknowledgments — R.C.P. is supported by
Salary Awards from the Alberta Heritage
Foundation for Medical Research and the Canadian Institutes of Health Research.
We thank Kylie Hugo for editorial assistance on this manuscript.
References
1. Boule NG, Haddad E, Kenny GP, Wells
GA, Sigal RJ: Effects of exercise on glycemic control and body mass in type 2
diabetes mellitus: a meta-analysis of controlled clinical trials. JAMA 286:1218 –
1227, 2001
2. Mourier A, Gautier JF, De Kerviler E, Bigard AX, Villette JM, Garnier JP, Duvallet
A, Guezennec CY, Cathelineau G: Mobilization of visceral adipose tissue related
to the improvement in insulin sensitivity
in response to physical training in
DIABETES CARE, VOLUME 29, NUMBER 8, AUGUST 2006

12.

13.

14.

NIDDM: effects of branched-chain amino
acid supplements. Diabetes Care 20:385–
391, 1997
Ronnemaa T, Mattila K, Lehtonen A, Kallio V: A controlled randomized study on
the effect of long-term physical exercise
on the metabolic control in type 2 diabetic
patients. Acta Med Scand 220:219 –224,
1986
Dengel DR, Pratley RE, Hagberg JM, Rogus EM, Goldberg AP: Distinct effects of
aerobic exercise training and weight loss
on glucose homeostasis in obese sedentary men. J Appl Physiol 81:318 –325,
1996
Ruderman NB, Ganda OP, Johansen K:
The effect of physical training on glucose
tolerance and plasma lipids in maturityonset diabetes. Diabetes 28 (Suppl. 1):
S89 –S92, 1979
Segal KR, Edano A, Abalos A, Albu J,
Blando L, Tomas MB, Pi-Sunyer FX: Effect
of exercise training on insulin sensitivity
and glucose metabolism in lean, obese,
and diabetic men. J Appl Physiol 71:2402–
2411, 1991
Yokoyama H, Emoto M, Fujiwara S, Motoyama K, Morioka T, Koyama H, Shoji T,
Inaba M, Nishizawa Y: Short-term aerobic
exercise improves arterial stiffness in type
2 diabetes. Diabetes Res Clin Pract 65:85–
93, 2004
Stewart KJ: Exercise training and the cardiovascular consequences of type 2 diabetes
and hypertension: plausible mechanisms
for improving cardiovascular health. JAMA
288:1622–1631, 2002
Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C: Physical activity/exercise and type 2 diabetes. Diabetes Care 27:
2518 –2539, 2004
Plotnikoff R, Taylor L, Wilson P, Courneya K, Sigal R, Birkett N, Raine K, Svenson L: Factors associated with physical
activity in Canadian adults with diabetes.
Med Sci Sports Exerc. In Press
Mokdad AH, Ford ES, Bowman BA, Dietz
WH, Vinicor F, Bales VS, Marks JS: Prevalence of obesity, diabetes, and obesityrelated health risk factors, 2001. JAMA
289:76 –79, 2003
Pu CT, Johnson MT, Forman DE, Hausdorff JM, Roubenoff R, Foldvari M, Fielding RA, Singh MAF: Randomized trial of
progressive resistance training to counteract the myopathy of chronic heart failure.
J Appl Physiol 90:2341–2350, 2001
Hare DL, Ryan TM, Selig SE, Pellizzer
A-M, Wrigley TV, Krum H: Resistance exercise training increases muscle strength,
endurance, and blood flow in patients
with chronic heart failure. Am J Cardiol
83:1674 –1677, 1999
Haykowsky M, Eves N, Figgures L,
McLean A, Koller M, Taylor D, Tymchak
W: Effect of exercise training on VO2peak
and left ventricular systolic function in recent cardiac transplant recipients. Am J

Cardiol 95:1002–1004, 2005
15. Ghilarducci LE, Holly RG, Amsterdam
EA: Effects of high resistance training in
coronary artery disease. Am J Cardiol 64:
866 – 870, 1989
16. Kongsgaard M, Backer V, Jorgensen K,
Kjaer M, Beyer N: Heavy resistance training increases muscle size, strength and
physical function in elderly male COPDpatients: a pilot study. Respir Med 98:
1000 –1007, 2004
17. Spruit MA, Gosselink R, Troosters T, De
Paepe K, Decramer M: Resistance versus
endurance training in patients with
COPD and peripheral muscle weakness.
Eur Respir J 19:1072–1078, 2002
18. Schmitz KH, Ahmed RL, Hannan PJ, Yee
D: Safety and efficacy of weight training in
recent breast cancer survivors to alter
body composition, insulin, and insulinlike growth factor axis proteins. Cancer
Epidemiol Biomarkers Prev 14:1672–1680,
2005
19. Segal RJ, Reid RD, Courneya KS, Malone
SC, Parliament MB, Scott CG, Venner
PM, Quinney HA, Jones LW, Slovinec
D’Angelo ME, Wells GA: Resistance exercise in men receiving androgen deprivation therapy for prostate cancer. J Clin
Oncol 21:1653–1659, 2003
20. Singh NA, Clements KM, Fiatarone MA: A
randomized controlled trial of progressive
resistance training in depressed elders. J
Gerontol A Biol Sci Med Sci 52:M27–M35,
1997
21. Singh MA, Ding W, Manfredi TJ, Solares
GS, O’Neill EF, Clements KM, Ryan ND,
Kehayias JJ, Fielding RA, Evans WJ: Insulin-like growth factor I in skeletal muscle
after weight-lifting exercise in frail elders.
Am J Physiol 277:E135–E143, 1999
22. Cuff DJ, Meneilly GS, Martin A, Ignaszewski A, Tildesley HD, Frohlich JJ: Effective exercise modality to reduce insulin
resistance in women with type 2 diabetes.
Diabetes Care 26:2977–2982, 2003
23. Eriksson J, Tuominen J, Valle T, Sundberg
S, Sovijarvi A, Lindholm H, Tuomilehto J,
Koivisto V: Aerobic endurance exercise or
circuit-type resistance training for individuals with impaired glucose tolerance?
Horm Metab Res 30:37– 41, 1998
24. Miller WJ, Sherman WM, Ivy JL: Effect of
strength training on glucose tolerance and
post-glucose insulin response. Med Sci
Sports Exerc 16:539 –543, 1984
25. Poehlman ET, Dvorak RV, DeNino WF,
Brochu M, Ades PA: Effects of resistance
training and endurance training on insulin sensitivity in nonobese, young women: a controlled randomized trial. J Clin
Endocrinol Metab 85:2463–2468, 2000
26. Ades PA, Savage PD, Brochu M, Tischler
MD, Lee NM, Poehlman ET: Resistance
training increases total daily energy expenditure in disabled older women with
coronary heart disease. J Appl Physiol 98:
1280 –1285, 2005
1939

Resistance training and type 2 diabetes
27. Hunter GR, Wetzstein CJ, Fields DA,
Brown A, Bamman MM: Resistance training increases total energy expenditure and
free-living physical activity in older
adults. J Appl Physiol 89:977–984, 2000
28. Kell RT, Bell G, Quinney A: Musculoskeletal fitness, health outcomes and quality
of life. Sports Med 31:863– 873, 2001
29. Hunter GR, McCarthy JP, Bamman MM:
Effects of resistance training on older
adults. Sports Med 34:329 –348, 2004
30. Ouellette MM, LeBrasseur NK, Bean JF,
Phillips E, Stein J, Frontera WR, Fielding
RA: High-intensity resistance training improves muscle strength, self-reported
function, and disability in long-term
stroke survivors. Stroke 35:1404 –1409,
2004
31. Ryan AS, Hurlbut DE, Lott ME, Ivey FM,
Fleg J, Hurley BF, Goldberg AP: Insulin
action after resistive training in insulin resistant older men and women. J Am Geriatr Soc 49:247–253, 2001
32. Nelson ME, Fiatarone MA, Morganti CM,
Trice I, Greenberg RA, Evans WJ: Effects
of high-intensity strength training on
multiple risk factors for osteoporotic fractures: a randomized controlled trial.
JAMA 272:1909 –1914, 1994
33. Hurley BF, Roth SM: Strength training in
the elderly: effects on risk factors for agerelated diseases. Sports Med 30:249 –268,
2000
34. Daly R, Dunstan D, Owen N, Jolley D,
Shaw J, Zimmet P: Does high-intensity resistance training maintain bone mass during moderate weight loss in older
overweight adults with type 2 diabetes?
Osteoporos Int 16:1703–1712, 2005
35. Dela F, Holten M, Juel C: Effect of resistance training on Na,K pump and
Na⫹/H⫹ exchange protein densities in
muscle from control and patients with
type 2 diabetes. Pflugers Arch 447:928 –
933, 2004
36. Loimaala A, Huikuri HV, Koobi T, Rinne
M, Nenonen A, Vuori I: Exercise training
improves baroreflex sensitivity in type 2
diabetes. Diabetes 52:1837–1842, 2003
37. Wojtaszewski JFP, Birk JB, Frosig C, Holten M, Pilegaard H, Dela F: 5⬘AMP activated protein kinase expression in human
skeletal muscle: effects of strength training and type 2 diabetes. J Physiol (Lond)
564:563–573, 2005
38. Baldi JC, Snowling N: Resistance training
improves glycaemic control in obese type
2 diabetic men. Int J Sports Med 24:419 –
423, 2003
39. Balducci S, Leonetti F, Di Mario U, Fallucca F: Is a long-term aerobic plus resistance training program feasible for and
effective on metabolic profiles in type 2
diabetic patients? (Letter). Diabetes Care
27:841– 842, 2004
40. Castaneda C, Layne JE, Munoz-Orians L,
Gordon PL, Walsmith J, Foldvari M,
Roubenoff R, Tucker KL, Nelson ME: A
1940

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

randomized controlled trial of resistance
exercise training to improve glycemic
control in older adults with type 2 diabetes. Diabetes Care 25:2335–2341, 2002
Cauza E, Hanusch-Enserer U, Strasser B,
Kostner K, Dunky A, Haber P: Strength
and endurance training lead to different
post exercise glucose profiles in diabetic
participants using a continuous subcutaneous glucose monitoring system. European J Clin Invest 35:745–751, 2005
Cauza E, Hanusch-Enserer U, Strasser B,
Ludvik B, Metz-Schimmerl S, Pacini G,
Wagner O, Georg P, Prager R, Kostner K,
Dunky A, Haber P: The relative benefits of
endurance and strength training on the
metabolic factors and muscle function of
people with type 2 diabetes mellitus. Arch
Phys Med Rehabil 86:1527–1533, 2005
Dunstan DW, Daly RM, Owen N, Jolley
D, De Courten M, Shaw J, Zimmet P:
High-intensity resistance training improves glycemic control in older patients
with type 2 diabetes. Diabetes Care 25:
1729 –1736, 2002
Dunstan DW, Daly RM, Owen N, Jolley
D, Vulikh E, Shaw J, Zimmet P: Homebased resistance training is not sufficient
to maintain improved glycemic control
following supervised training in older individuals with type 2 diabetes. Diabetes
Care 28:3–9, 2005
Dunstan DW, Puddey IB, Beilin LJ, Burke
V, Morton AR, Stanton KG: Effects of a
short-term circuit weight training program on glycaemic control in NIDDM. Diabetes Res Clin Pract 40:53– 61, 1998
Eriksson J, Taimela S, Eriksson K, Parviainen S, Peltonen J, Kujala U: Resistance
training in the treatment of non-insulindependent diabetes mellitus. Int J Sports
Med 18:242–246, 1997
Fenicchia LM, Kanaley JA, Azevedo JL Jr,
Miller CS, Weinstock RS, Carhart RL,
Ploutz-Snyder LL: Influence of resistance
exercise training on glucose control in
women with type 2 diabetes. Metabolism
53:284 –289, 2004
Herriott MT, Colberg SR, Parson HK,
Nunnold T, Vinik AI: Effects of 8 weeks of
flexibility and resistance training in older
adults with type 2 diabetes. Diabetes Care
27:2988 –2989, 2004
Holten MK, Zacho M, Gaster M, Juel C,
Wojtaszewski JF, Dela F: Strength training increases insulin-mediated glucose
uptake, GLUT4 content, and insulin signaling in skeletal muscle in patients with
type 2 diabetes. Diabetes 53:294 –305, 2004
Honkola A, Forsen T, Eriksson J: Resistance training improves the metabolic
profile in individuals with type 2 diabetes.
Acta Diabetol 34:245–248, 1997
Ibanez J, Izquierdo M, Arguelles I, Forga
L, Larrion JL, Garcia-Unciti M, Idoate F,
Gorostiaga EM: Twice-weekly progressive resistance training decreases abdominal fat and improves insulin sensitivity in

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.
64.

65.

older men with type 2 diabetes. Diabetes
Care 28:662– 667, 2005
Ishii T, Yamakita T, Sato T, Tanaka S, Fujii
S: Resistance training improves insulin
sensitivity in NIDDM subjects without altering maximal oxygen uptake. Diabetes
Care 21:1353–1355, 1998
Maiorana A, O’Driscoll G, Cheetham C,
Dembo L, Stanton K, Goodman C, Taylor
R, Green D: The effect of combined aerobic and resistance exercise training on
vascular function in type 2 diabetes. J Am
Coll Cardiol 38:860 – 866, 2001
Maiorana A, O’Driscoll G, Goodman C,
Taylor R, Green D: Combined aerobic and
resistance exercise improves glycemic
control and fitness in type 2 diabetes. Diabetes Res Clin Pract 56:115–123, 2002
McGavock J, Mandic S, Lewanczuk R,
Koller M, Muhll IV, Quinney A, Taylor D,
Welsh R, Haykowsky M: Cardiovascular
adaptations to exercise training in postmenopausal women with type 2 diabetes
mellitus. Cardiovasc Diabetol 3:3, 2004
Tokmakidis SP, Zois CE, Volaklis KA,
Kotsa K, Touvra AM: The effects of a combined strength and aerobic exercise program on glucose control and insulin
action in women with type 2 diabetes. Eur
J Appl Physiol 92:437– 442, 2004
Kohrt WM, Kirwan JP, Staten MA, Bourey
RE, King DS, Holloszy JO: Insulin resistance in aging is related to abdominal obesity. Diabetes 42:273–281, 1993
Virtanen KA, Iozzo P, Hallsten K, Huupponen R, Parkkola R, Janatuinen T,
Lonnqvist F, Viljanen T, Ronnemaa T,
Lonnroth P, Knuuti J, Ferrannini E, Nuutila P: Increased fat mass compensates for
insulin resistance in abdominal obesity
and type 2 diabetes: a positron-emitting
tomography study. Diabetes 54:2720 –
2726, 2005
Albright A, Franz M, Hornsby G, Kriska
A, Marrero D, Ullrich I, Verity LS: American College of Sports Medicine position
stand: exercise and type 2 diabetes. Med
Sci Sports Exerc 32:1345–1360, 2000
Last JM: A Dictionary of Epidemiology. Oxford, U.K., Oxford University Press, 1995
UK Prospective Diabetes Study (UKPDS)
Group: Effect of intensive blood-glucose
control with metformin on complications in
overweight patients with type 2 diabetes
(UKPDS 34). Lancet 352:854 – 865, 1998
Plotnikoff RC: Physical activity in the
management of diabetes: populationbased perspectives and strategies. Can J
Diabetes 30:52– 62, 2006
Rose G: Sick individuals and sick populations, 1985. Bull World Health Organ 79:
990 –996, 2001
Napolitano MA, Marcus BH: Targeting
and tailoring physical activity information
using print and information technologies.
Exerc Sport Sci Rev 30:122–128, 2002
Marcus BH, Owen N, Forsyth LH, Cavill
NA, Fridinger F: Physical activity inter-

DIABETES CARE, VOLUME 29, NUMBER 8, AUGUST 2006

Eves and Plotnikoff

66.

67.

68.

69.

70.

ventions using mass media, print media,
and information technology. Am J Prev
Med 15:362–378, 1998
Marcus BH, Bock BC, Pinto BM, Forsyth
LH, Roberts MB, Traficante RM: Efficacy
of an individualized, motivationally-tailored physical activity intervention. Ann
Behav Med 20:174 –180, 1998
Marcus BH, Nigg CR, Riebe D, Forsyth
LH: Interactive communication strategies: implications for population-based
physical-activity promotion. Am J Prev
Med 19:121–126, 2000
Fain JA, Nettles A, Funnell MM, Charron
D: Diabetes patient education research: an
integrative literature review. Diabetes
Educ 25:7–15, 1999
Anderson RM, Funnell MM: Theory is the
cart, vision is the horse: reflections on research in diabetes patient education. Diabetes Educ 25:43–51, 1999
Norris SL, Engelgau MM, Narayan KM:
Effectiveness of self-management training
in type 2 diabetes: a systematic review of
randomized controlled trials. Diabetes

DIABETES CARE, VOLUME 29, NUMBER 8, AUGUST 2006

Care 24:561–587, 2001
71. Plotnikoff RC, Brez S, Hotz SB: Exercise
behavior in a community sample with diabetes: understanding the determinants
of exercise behavioral change. Diabetes
Educ 26:450 – 459, 2000
72. Allen NA: Social cognitive theory in diabetes exercise research: an integrative literature review. Diabetes Educ 30:805–
819, 2004
73. Jette AM, Rooks D, Lachman M, Lin TH,
Levenson C, Heislein D, Giorgetti MM,
Harris BA: Home-based resistance training: predictors of participation and adherence. Gerontologist 38:412– 421, 1998
74. Baranowski T, Anderson C, Carmack C:
Mediating variable framework in physical
activity interventions. How are we doing?
How might we do better? Am J Prev Med
15:266 –297, 1998
75. Richard L, Potvin L, Kishchuk N, Prlic H,
Green LW: Assessment of the integration
of the ecological approach in health promotion programs. Am J Health Promot 10:
318 –328, 1996

76. McLeroy KR, Bibeau D, Steckler A, Glanz
K: An ecological perspective on health
promotion programs. Health Educ Q 15:
351–377, 1988
77. Estabrooks P, Gyurcsik N: Evaluating the
impact of behavioral interventions that
target physical activity: issues of generalizability and public health. Psych Sport Exerc 4:41–55, 2003
78. Glasgow RE, McKay HG, Piette JD, Reynolds KD: The RE-AIM framework for evaluating interventions: what can it tell us
about approaches to chronic illness management? Patient Educ Couns 44:119 –
127, 2001
79. Eakin EG, Bull SS, Glasgow RE, Mason M:
Reaching those most in need: a review of
diabetes self-management interventions
in disadvantaged populations. Diabetes
Metab Res Rev 18:26 –35, 2002
80. Glasgow RE, Vogt TM, Boles SM: Evaluating the public health impact of health
promotion interventions: the RE-AIM
framework. Am J Public Health 89:1322–
1327, 1999

1941

