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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 cardio-
vascular risk factors such as visceral ad-
iposity (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 aero-
bic 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 seden-
tary to adhere to these guidelines. In-
deed, a recent population-based study
found that only 28% of individuals with
type 2 diabetes achieve these recom-
mendations (10). Unfortunately, it is
frequently those who would benefit the
most from aerobic exercise that have the
greatest difficulty performing it. For in-
dividuals with severe obesity, arthritis,
physical disabilities, and/or diabetes
complications, even walking for 20 –30
min may be challenging, uncomfort-
able, and/or painful to perform. With
the continued increase in the preva-
lence of type 2 diabetes (11), it is evi-
dent 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, re-
sistance training has the potential for
increasing muscle strength (13,29,30),
lean muscle mass (31), and bone min-
eral density (32,33), which could en-
hance functional status and glycemic
control and assist in the prevention of
sarcopenia and osteoporosis. However,
unlike aerobic exercise, such as walk-
ing, resistance training is dependent on
equipment, knowledge of exercise tech-
nique, and often requires some initial
instruction. Subsequently, if resistance
training is going to be a realistic form of
exercise for individuals with type 2 di-
abetes, research is needed to discover
practical, sustainable, and economically
viable ways to safely implement resis-
tance training at a population level.
Therefore, the primary aim of this re-
view was to examine the available liter-
ature to investigate whether resistance
training is an effective form of exercise
for managing glucose homeostasis in in-
dividuals with type 2 diabetes. Further-
more, a secondary aim was to also
consider strategies and areas for future
research to assist with the implementa-
tion of resistance training at the popu-
lation level.

RESISTANCE TRAINING
FOR THE MANAGEMENT OF
TYPE 2 DIABETES — To examine
whether resistance training is an effective
form of exercise for managing glucose ho-
meostasis in type 2 diabetes, a compre-
hensive 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 melli-
tus,” “type 2 diabetes,” “noninsulin de-
pendent diabetes mellitus,” “resistance
training,” “strength training,” “physical
activity,” and “exercise.” These searches
produced a substantial volume of litera-
ture, which was subsequently limited to
resistance training studies recruiting in-
dividuals with type 2 diabetes written in
English. Twenty-four studies were identi-
fied, but 4 were excluded (34–37), as
they did not report the effects of resis-
tance training on HbA1c (A1C), insulin
sensitivity, and/or body composition. The
remaining 20 studies (22,38–56) are in-
cluded in this review and/or summarized
in Table 1.

Early studies offered preliminary evi-
dence for the beneficial effects of resis-
tance training (45,46,50,52); however,
these studies often had significant meth-
odological limitations. Erikkson et al.
(46) demonstrated that 3 months of mod-
erate-intensity circuit resistance training
decreased A1C from 8.8 to 8.2%. This re-
duction in A1C was likely due to im-
provements 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. Simi-
larly, Honkola et al. (50) reported that 5
months of progressive circuit resistance
training significantly lowered LDL choles-
terol and reduced fasting triglycerides
compared with a nonexercising compari-
son group. Even though no significant re-
duction in A1C was observed, the
difference in A1C between the exercise
and comparison groups pre- to postinter-
vention 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
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Table 1—Summary of resistance training–only or resistance training plus aerobic training studies

Source n/design Study length Exercise prescription Primary findings Secondary findings

Resistance training–
only trials

Eriksson et al. (46) 8/NTD Two times/week
for 3 months

CWT, 11 exercises, intensity
�50% PME; 1 set of 15–20
repetitions; 30 s rest between
exercises

2 in A1C with RT;
(8.8 � 1.4 to
8.2 � 1.4%, P � 0.05)

7 in HDL, LDL, fasting blood
glucose, triglycerides, or BMI

Honkola et al. (50) 38: 18 RT and 20
control
subjects/NRCT

Two times/week
for 5 months

CWT, 8–10 exercises, intensity
� moderate; 2 sets of 12–15
repetitions; 30 s light cycling
between exercises

7 in A1C with RT
(7.5 � 0.3 to
7.4 � 0.2%); � in A1C
with RT was different
from control, P � 0.05

2 LDL, triglycerides, and total
cholesterol with RT (P �
0.05);7 in BMI;1 in HDL
in control

Dunstan et al. (45) 27: 15 RT and 12
control
subjects/RCT

Three times/week
for 8 weeks

CWT, 10 exercises, intensity
50–55% 1 RM; weeks 1 and
2, 2 sets of 10–15
repetitions; weeks 3–8, 3 sets
of 10–15 repetitions; 30 s
rest between exercises

7 in A1C with RT
(8.2 � 0.5 to
8.0 � 0.5%);7 in A1C
in control (8.1 � 0.6 to
8.3 � 0.7%); no
difference between
groups

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

Ishii et al. (52) 17: 9 RT and 8
control
subjects/NRCT

Five times/week
for 4–6 weeks

9 exercises, intensity 40–50% 1
RM; upper body: 2 sets of 10
repetitions, lower body: 2
sets of 20 repetitions; �60 s
rest between sets

1 glucose disposal rate
with RT, P � 0.05;7
in A1C with RT
(9.6 � 2.8 to
7.6 � 1.3%);7 in A1C
in control (8.8 � 2.1 to
7.6 � 1.9%)

7 body composition;7 in
BMI;7 in Vo2peak

Dunstan et al. (43) 36: 19 RT�WL
and 17 WL-
only subjects/
RCT

Three times/week
for 6 months

9 exercises; weeks 1 and 2,
intensity 50–60% 1 RM;
weeks 3–26, intensity goal
75–80% 1 RM; 3 sets of 8–10
repetitions; 90–120 s rest
between sets

2 in A1C with RT�WL
(1.2 � 0.9%, P � 0.01);
7 in A1C with WL only
(0.4 � 0.8%)

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

Castaneda et al. (40) 62: 31 RT and 31
control
subjects/RCT

Three times/week
for 16 weeks

5 exercises; weeks 1–8,
intensity 60–80% 1 RM;
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%)

1 in muscle glycogen with RT
and a2 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

Baldi et al. (38) 18: 9 RT and 9
control
subjects/RCT

Three times/week
for 10 weeks

10 exercises, intensity 10 RM
upper body, 15 RM lower
body; intensity progressively
increased by 5%; 60 s rest
between sets

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 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

Fennichia et al. (47) 7 RT (type 2
diabetic) and 8
RT (healthy
control)
subjects/NRCT

Three times/week
for 6 weeks

8 exercises, intensity 8–12 RM;
3 sets of 8–12 repetitions; 90
s rest between sets

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 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

Ibanez et al. (51) 9/NTD Two times/week
for 16 weeks

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 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%)

1 in insulin sensitivity with
RT (46.3%, P � 0.01);2
fasting blood glucose;7 in
BMI

Combined resistance
training and
aerobic training
trials

Maiorana et al.
(53,54)

16/randomize
cross-over
design

Three times/week
for 8 weeks

Circuit � 7 resistance exercises,
8 cycling stations, and 5 min
walking; RT intensity 55–
65% 1 RM for 15 repetitions;
AT intensity 70–85% HRpeak;
45 s exercise and 15 s rest;
progressed up to 3 circuits

2 A1C with RT � AT
(8.5 � 0.4 to
7.9 � 0.3%, P � 0.05);
1 flow-mediated
dilation;1 forearm
blood flow ratio to
acetylcholine (P � 0.05)

2 fasting blood glucose and
percent body fat with
RT�AT, P � 0.05;7 in
HDL, LDL, triglycerides, or
BMI;1 Vo2peak with
RT�AT, P � 0.05
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that moderate-intensity circuit resistance
training significantly reduced the plasma
insulin response to glucose ingestion dur-
ing an oral glucose tolerance test, which
led to improved self-monitored blood
glucose measurements. Complementary
to these findings, Ishii et al. (52) demon-
strated that the glucose disposal rate mea-
sured 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 train-
ing 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 investi-
gated the effects of a longer, higher-
intensity resistance training intervention.
Dunstan et al. (43) randomized 36 over-
weight older men and women (aged
60 – 80 years) into a progressive resis-
tance training plus moderate weight loss
(RT�WL) group or a moderate weight
loss control group who only performed

flexibility exercise (WL). A greater reduc-
tion 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 in-
crease lean body mass (0.5 kg).

Similar findings were also reported by
Castenada et al. (40), who randomized 62
older adults to either supervised high-
intensity 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% re-
duction in muscle glycogen storage. Sys-
tolic blood pressure was also reduced in
the resistance training group, but there
were no differences in other cardiovascu-
lar risk factors such as HDL, LDL, and
total cholesterol levels. Body weight re-
mained 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 im-
provement 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 re-
sistance-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 contrib-
uted to the promising improvements
observed.

In another more recent RCT, Baldi et
al. (38) utilized a more moderate–
intensity program that emphasized mus-
cle hypertrophy (i.e., 10–15 repetitions
to failure with short rest periods) and re-
ported that resistance training signifi-
cantly 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 in-
crease 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 de-
creases in A1C (38,40,46) supports the
hypothesis that resistance training im-
proves glycemic control by augmenting
the skeletal muscle storage of glucose.

Table 1—Continued

Source n/design Study length Exercise prescription Primary findings Secondary findings

Cuff et al. (22) 28: 9 AT, 10
RT�AT, and 9
control
subjects/RCT

Three times/week
for 16 weeks

RT � 5 exercises; RT intensity
not reported; 2 sets of 12
repetitions; AT: many
different modes; AT intensity
60–75% HRR; duration not
reported

Greater glucose disposal
rate in RT�AT than AT,
P � 0.05;7 in A1C in
any group

2 in abdominal visceral and
subcutaneous adipose tissue
(P � 0.05) in both groups;
1 in muscle density greater
in RT�AT than RT (P �
0.05)

Tomakidis et al. (56) 9 RT�AT
subjects/NTD

Two times/week
for 4 months

RT � 6 exercises; RT intensity
60% 1 RM; 3 sets of 12
repetitions; AT: walking/
jogging; AT intensity 70–
85% HRpeak; duration 40–45
min

2 area under the OGTT
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)

7 in fasting insulin;7 in BMI

McGavock et al. (55) 24: 17 RT�AT
and 7 control
subjects/NRCT

Three times/week
for 10 weeks

RT � 7 exercises; RT intensity
50–70% 1 RM; 3 sets of 10–
15 repetitions; AT: cycling;
AT intensity 65–75% HRR;
duration 30–55 min

1 in large artery
compliance (P � 0.05);
7 in A1C (6.6 � 0.9 to
6.4 � 0.6%)

1 in Vo2peak (P � 0.05);7 in
insulin sensitivity;7 in
HDL, LDL, fasting blood
glucose, triglycerides, or
BMI

Balducci et al. (39) 120: 62 RT�AT
and 58 control
subjects/RCT

Three times/week
for 1 year

RT � 6 exercises; RT intensity
40–60% 1 RM; 3 sets of 12
repetitions; AT: many
different modes; AT intensity
40–80% HRR; duration 30
min

2 A1C with RT�AT
(8.3 � 1.7 to
7.1 � 1.2%)*

1 in HDL*;2 in LDL, fasting
blood glucose, triglycerides,
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.
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However, whether this is due to an in-
crease 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 improve-
ments 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 resis-
tance 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 recep-
tor, 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 reg-
ulation of insulin-mediated GLUT4 trans-
location, 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%, re-
spectively, while insulin sensitivity in-
creased by 46.3%. Interestingly, no
significant relationship between the im-
provements 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 reduc-
tions in visceral and subcutaneous adi-
posity with resistance training might not
be the mechanism responsible for the im-
proved insulin sensitivity with this type of
training.

Considering the available evidence,
it appears that resistance training could
be an effective intervention to help im-
prove glycemic control. Furthermore,
the effect of resistance training on A1C
reported in the three RCTs (38,40,43) is
comparable with that reported with aer-
obic 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 �

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 popula-
tion. However, with the substantial ev-
idence tha t now suppor t s bo th
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 aero-
bic training would have a synergistic ef-
fect 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 dem-
onstrate that circuit training, with com-
bined 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 sig-
nificantly 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 improve-
ments in brachial artery flow-mediated
dilation and an improvement in the fore-
arm blood flow ratio to acetylcholine. Al-
though these data (53,54) supplied
evidence for the beneficial use of com-
bined 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 train-
ing plus resistance training (AT�RT)
group. While both training regimes re-
sulted 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 re-
ductions 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 ap-
proach comes from the largest published
study (39) performed in this area to date
(n � 120). Balducci et al. (39) demon-
strated that low- to moderate-intensity re-
s is tance tra ining combined with
moderate aerobic exercise three times per
week for 1 year significantly improved
metabolic and lipid profiles as well as ad-
iposity and blood pressure. More specifi-
cally, 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 in-
creased 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 cardiovas-
cular risk factors than has currently been
reported in resistance training alone and,
in combination with the marked im-
provement in A1C, highlights the poten-
tial benefits of combined training for
individuals with type 2 diabetes. Further-
more, these findings also identify that
longer-duration, more moderate resis-
tance training may be as beneficial as
short-term high-intensity programs for
maintaining glucose homeostasis and re-
ducing cardiovascular risk factors. How-
ever, some caution is warranted in
interpreting these results, as study partic-
ipants were allowed to self-select whether
they wanted to be in the exercise or non-
exercise 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 of-
fers any additional benefits over resis-
tance training alone. The need still exists
for a large RCT that examines each train-
ing regime separately, and in combina-
tion, 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 Ameri-
can College of Sports Medicine guidelines
(59) that resistance training be included
as an essential component of a well-
balanced physical activity program for
those with type 2 diabetes who do not
have contraindications to exercise. Spe-
cifically, the American College of Sports
Medicine advocates that resistance train-
ing should be performed on at least 2 days
per week, with a minimum of 8–10 exer-
cises involving the major muscle groups
for 10–15 repetitions to near fatigue. The
American College of Sports Medicine fur-
ther highlights that increased intensity or
additional volume of training could pro-
duce greater benefits and may be appro-
priate 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 repe-
titions at a weight that cannot be lifted
�8–10 times. The primary difference be-
tween these two prescriptions is the
higher intensity recommended for all in-
dividuals by the ADA, which is in light of
recent reports suggesting that high-
intensity resistance training is both feasi-
ble 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 high-
intensity resistance training improves
A1C, whereas studies using lower inten-
sities have not found consistent improve-
ments in this parameter (50,52). As
mentioned above, this may be more an
issue of study length than exercise inten-
sity. However, the aforementioned study
by Balducci et al. (39) demonstrated that
even low levels of resistance training (40–
50% 1 repetition maximum) in combina-
tion with moderate aerobic exercise was
sufficient to improve A1C to a similar ex-
tent to high-intensity resistance training
(40) and also reduced a number of cardio-
vascular risk factors. Therefore, there is a
need for research that can identify the op-
timal prescription of resistance training to
induce benefits in skeletal muscle adapta-
tion and control of glucose homeostasis.
However, current data advocate that if in-
dividuals can be encouraged to make a
lifestyle change that incorporates long-
term resistance training into their daily
routine, then resistance training is likely

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 resis-
tance training but also identifies practical
and economical ways to implement resis-
tance training at the individual and pop-
ulation levels. The need for a population-
based approach is most apparent when
considering the risk to this population if
resistance training is not performed. Pop-
ulation attributable risk is the incidence of
a disease that is attributable to being ex-
posed to a risk factor (i.e., not performing
resistance training) (60). Although we
currently cannot calculate a true popula-
tion attributable risk for the risk of not
performing resistance training in the dia-
betic 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 microvas-
cular 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 resis-
tance 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 pop-
ulation, there are numerous challenges
regarding the feasibility of implementing
this form of exercise. From a practical
standpoint, performing resistance train-
ing without initial instruction can be
daunting to the inexperienced and/or el-
derly individual, and few are likely to
adopt resistance training without supervi-
sion. Existing studies use resource-
intensive, supervised, one-to-one
individual and clinically based ap-

proaches, and to date, we are unaware of
any that offer practical, sustainable, eco-
nomically viable strategies to implement
resistance training as a viable physical ac-
tivity 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 mod-
erate-intensity resistance training pro-
grams that utilize slower progression may
be more beneficial than shorter, more in-
tensive programs.

Settings and delivery modes
There may be inherent difficulties in im-
plementing resistance training programs
that normally require supervision to un-
supervised settings. Studies are required
to explore the feasibility of unsupervised
programs from initial instruction to grad-
uated independence and the sequencing,
amount, and intensity of booster/
refresher sessions needed. Future re-
search is also required to guide the
success of such programs to ensure the
feasibility, safety, and ultimate attitudi-
nal, behavioral, and clinical efficacy of
such strategies.

To date, little is known about the ef-
fectiveness or feasibility of home-based
training, speciality gymnasiums, commu-
nity-based education classes and pro-
grams, 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 super-
vised gymnasium-based resistance train-
ing program, home-based resistance
training was effective for maintaining
muscle strength but was inadequate for
maintaining improvements seen in glyce-
mic control during supervised training
(43). Adherence to the home-based resis-
tance training program was significantly
lower (73%) compared with that previ-
ously observed for the supervised gymna-
sium-based training (88%). Similarly,
training volume decreased by 52% from
that previous being performed under su-
pervision, and this reduction was primar-
ily attributable to a 62% reduction in
training intensity (P � 0.001). Further re-
search is required to understand the
types, combinations, temporal sequenc-
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ing, and feasibility dimensions of such
potential approaches. Furthermore, it
would appear that a number of commu-
nity gymnasiums and public fitness cen-
ters may have a significant role to play in
providing education and supervision to
individuals with type 2 diabetes. Typi-
cally, these centers have focused on
young athletic individuals; however, with
an aging population and a growing prev-
alence of type 2 diabetes (11), it may be
appropriate for these facilities to read-
dress their target market. There would ap-
pear 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 deliv-
ery (e.g., combinations of print and com-
puter-/web-based media and telephone
counseling, separately and in combina-
tion) for resistance training to the above
strategies must also be explored for their
feasibility, cost, and efficacy. Such ap-
proaches are feasible for population-
based approaches, as they have the
potential to reach a large number of indi-
viduals in a relatively cost-effective man-
ner 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 resis-
tance training, given the technical nature
of this behavior. Research is needed to
examine the feasibility and efficacy of
such modes of delivery specifically for re-
sistance training in this population.

Cost-effectiveness
Costs of resistance training programs for
both efficacy and effectiveness studies on
this population have yet to be deter-
mined. Therefore, there is an imperative
need to conduct cost-effectiveness analy-
ses on intervention strategies, comparing
the incremental direct costs of the inter-
ventions relative to the incremental gain
in physical activity achieved within the
program period. Costs must also be ex-
amined at the individual (e.g., equipment
costs) and system (e.g., health care service
delivery) levels in terms of long-term,
economic feasibility.

The need for specific resistance
training theory and measurement
There is a need for theoretically driven
approaches. Despite the mode of inter-
vention delivery, great potential exists in
the utilization of social-cognitive theories
to explain behavior change and drive in-
terventions/programs for diabetic popu-
lations (68,69). Indeed, approaches that
incorporate social-cognitive theories are
shown to be more efficacious than atheo-
retical-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 operational-
ized to achieve behavior change (69,71).
Identifying constructs and theories that
can be used to increase the degree of be-
havior change in diabetic populations will
enable interventions to be tailored more
effectively and ultimately increase treat-
ment efficacy for lifestyle behavioral
change (66,69). Although recent studies
provide some initial support for the appli-
cation of social-cognitive theories among
this population (i.e., self-efficacy is an im-
portant 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 social-
cognitive theories have only been applied
for the promotion of aerobic-type activi-
ties; no study to date has assessed the de-
terminants 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 appro-
priately tailored in subsequent interven-
tions (74).

Given that the items/scales from cur-
rent instruments are focused on aerobic
activity (72), they may not adequately re-
flect 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 confi-
dence 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 interven-
tions. 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 train-
ing intervention is to develop valid and
reliable measures, specific for this mode
of activity and population. These mea-
sures should then be used to assess the
salient and strongest predictors of resis-
tance training to guide interventions by
operationalizing the appropriate theoret-
ical constructs.

In addition to clinical markers, resis-
tance training programs need to examine
other important outcomes for the type 2
diabetic population. To date, research has
not investigated the attitudinal, behav-
ioral, and quality-of-life outcomes to re-
sistance training. Further, researchers
should be encouraged to specifically as-
sess resistance training–related cogni-
tions and behaviors with validated
instruments in physical activity preva-
lence studies.

Models and frameworks
Such resistance training population-
based interventions and programs ulti-
mately need to be focused at multiple
levels taking an ecological perspective.
Ecological models recognize the role of
the environment and the interrelation-
ships within and between multiple envi-
ronments or levels (75,76), allowing the
examination of the interaction among sin-
gular dimensions of the individual (e.g.,
biomedical, attitudinal, behavioral) with
these multiple components of one’s
context (i.e., social, organizational, com-
munity, public policy, and physical envi-
ronments) (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 sin-
gular 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 institu-
tionalize resistance training education
and promotion strategies for public
health authorities in a guiding frame-
work. The RE-AIM framework has been
applied in the evaluation of health behav-
ior change interventions, specifically
those that target physical activity (77) and
diabetes (78,79). The framework is com-
prised of five evaluative components that
describe the overall population-based im-
pact of an intervention: reach, efficacy,
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adoption, implementation, and mainte-
nance (78). The RE-AIM framework fo-
cuses on the overall population-based
impact by placing emphasis on both in-
ternal and external validity while consid-
ering 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 sugges-
tive evidence supporting the use of resis-
tance training for improving glycemic
control and insulin sensitivity in type 2
diabetes. However, the majority of studies
have used individually supervised train-
ing sessions, where participants have
been advised on exercise technique, pre-
scription, and suitable progression. The
current evidence is that small resistance
training efficacy studies may not have ap-
plicability or generalizability at the popu-
lation level for those living with type 2
diabetes. There is now a definite need for
larger, population-based efficacy and ef-
fectiveness studies that address the feasi-
bility of resistance training on a broader
level. Such research should be theoreti-
cally driven and should strive to be cost-
effective, 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 ap-
proach involving academics, govern-
ments, health care organizations,
practitioners, and the public should be
taken to promote resistance training be-
havior from the clinical to population-
based settings.
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