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OBJECTIVEdTo investigate the associations between changes in body composition and fit-
ness after exercise training and changes in hemoglobin A1c (HbA1c) in individuals with type 2
diabetes.

RESEARCH DESIGN AND METHODSdParticipants (n = 201) were randomized to
aerobic, resistance, or combined training for 9 months. HbA1c, waist circumference, total and
trunk fat mass, appendicular fat mass, lean body mass, isokinetic leg muscle strength, peak O2

uptake, and estimated METs were assessed at baseline and follow-up. Change in HbA1c was
evaluated across quartiles of change in body composition and fitness.

RESULTSdChange inHbA1c was associatedwith changes in body weight (r = 0.13, P = 0.052),
waist circumference (r = 0.17, P = 0.013), trunk fat mass (r = 0.19, P = 0.005), and estimated
METs (r = 20.16, P = 0.023). There was a trend in change in HbA1c across quartiles of waist
circumference (P = 0.011), trunk fat mass (P = 0.020), and estimated METs (P = 0.011). Partic-
ipants with increased estimated METs and reduced trunk fat mass had greater odds of having
reduced HbA1c after training (3.48, 1.46–8.31). Finally, participants with increased estimated
METs and reduced waist circumference were 2.81 (1.13–6.98) times more likely to have reduced
HbA1c and type 2 diabetes medication use than those without improved fitness and central
adiposity.

CONCLUSIONSdIn patients with type 2 diabetes, a reduction in central adiposity and
increase in fitness were the most prominent predictors of the change in HbA1c in response to
exercise training.
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Hemoglobin A1c (HbA1c) is the most
widely used indicator of glucose
control in individuals with type 2

diabetes, and exercise training is recom-
mended along with standard care to im-
prove glucose control and overall health
status (1–5). Strong evidence from our

data (6) and that of others (7,8) has estab-
lished that a combination of aerobic and
resistance training is effective in reducing
HbA1c, whereas still others have reported
that this combination is more effective
than aerobic training or resistance train-
ing alone (7). However, only few studies

specifically address what changes in car-
diometabolic factors of exercise training
(i.e., changes in cardiorespiratory fitness,
muscle strength, body composition) are
associated with improvement in HbA1c

(9–12).
Previous studies have found that re-

ductions in fat mass (10) and central ad-
iposity (9,11) and increases in fitness
(11,12) and muscle strength (12,13) are
associated with reductions in HbA1c after
exercise training. In a large (n = 251) ran-
domized trial, Larose et al. (12) found that
change in cardiorespiratory fitness was
the strongest predictor of change in
HbA1c after aerobic and aerobic com-
bined with resistance training. However,
with resistance training only, the change
in muscle strength was the strongest pre-
dictor of the change in HbA1c. In a smaller
sample (n = 40), Bacchi et al. (11) showed
that an increase in fitness and a reduction
in trunk fat mass result in the largest de-
crease in HbA1c after aerobic or resistance
training alone in individuals with type 2
diabetes. Of note, previous studies evalu-
ating the effects of body fat distribution,
muscle strength, and fitness on long-term
glucose control generally are limited by
the absence of a control group (11), a
small sample size (8), or a homogeneous
study population (9). Herein, we per-
formed secondary analyses based on
data from the Health Benefits of Aerobic
and Resistance Training in Individuals
with Type 2 Diabetes (HART-D) trial,
which investigated the contribution of 9
months of aerobic training, resistance
training, or a combination of both inter-
ventions on changes in HbA1c. Although
the purpose of the original HART-D trial
(6) was to evaluate the effect of exercise,
the current study expands on the previ-
ous findings by investigating the predic-
tors of change in HbA1c in individuals
with type 2 diabetes. Therefore, the pri-
mary aim of this study was to investigate
the association between changes in body
composition and fat distribution, leg
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muscle strength, and cardiorespiratory
fitness and change in HbA1c.

RESEARCH DESIGN AND
METHODS

Participants
The full methodology for HART-D has
been previously described in the main
outcomes paper (6). Briefly, the HART-D
study enrolled 262 sedentary individuals
aged 30–75 years with type 2 diabetes.
Participants were excluded if they had a
BMI of $48.0 kg/m2, blood pressure
$160/100 mmHg, fasting triglyceride
level $500 mg/dL, urine protein level
.100 mg/dL, and serum creatinine level
.1.5 mg/dL; used an insulin pump; or
had a history of stroke, advanced neurop-
athy or retinopathy, or any serious med-
ical condition that prevented them from
adhering to the protocol or exercising
safely. Demographic information was col-
lected by self-report questionnaire. Infor-
mation about type 2 diabetes medications
(dose and class) were documented with a
detailed questionnaire and confirmed
by a visual inspection of the medication
bottle. The Pennington Biomedical Re-
search Center institutional review board
annually approved the protocol, and all
participants provided written informed
consent.

Study design
The current study was a secondary anal-
ysis of the HART-D data. Of the 262
participants randomized in HART-D, 61
were excluded from this analysis because
of either missing baseline (n = 1), follow-
up exercise (n = 54), or follow-up body
composition (n = 5) data. One participant
was excluded from the control group be-
cause she gained 6 kg of trunk fat mass.
The final analysis included 201 partici-
pants (Fig. 1).

Exercise intervention
Aerobic training. Participants in the
aerobic training group exercised 3–5
days per week at an exercise intensity of
50–80% of their maximal cardiorespira-
tory fitness for a total dose of 12 kcal/kg
body weight per week. Participants were
weighed weekly to calculate their pre-
scribed caloric dose. During weeks 12
and 24, we reduced the exercise dose by
one-third to provide a recuperation week.
American College of Sports Medicine
equations were used to estimate caloric
expenditure rate and, therefore, the time
required per session (14).
Resistance training. Participants exer-
cised 3 days per week, with each session
consisting of two sets of four upper-body
exercises (bench press, seated row, shoul-
der press, and lat pull down), three sets of

three lower-body exercises (leg press, leg
extension, and leg curl), and two sets of
abdominal crunches and back extensions.
Each set comprised 10–12 repetitions.
The prescribed weight was increased
when the participant was able to complete
12 repetitions of the final set of each ex-
ercise on two consecutive sessions.
Combination training. We selected an
aerobic exercise dose of 10 kcal/kg body
weight per week and two sessions of
resistance training per week for the com-
bination training group. Resistance train-
ing comprised one set of 10–12
repetitions of the same nine exercises,
using a similar progressive resistance pro-
gram as the resistance training group. The
combination training group was consis-
tent with federal physical activity guide-
lines (15) and ensured equal time
commitment among all exercise groups.
Control group. Participants randomized
to the nonexercise control group were
offered weekly stretching and relaxation
classes once per week and were asked to
maintain their current lifestyle.

Outcomes and measurements
Cardiorespiratory fitness. Cardiorespi-
ratory fitness was evaluated by a modified
Balke treadmill test (Trackmaster 425;
Carefusion, Newton, KS), with respira-
tory gases sampled by a TrueMax 2400

Figure 1dConsort diagram.
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Metabolic Measurement Cart (ParvoMed-
ics, Salt Lake City, UT). Briefly, partic-
ipants self-selected a walking pace at a
level grade, and the grade increased by
2% every 2 min until they reached voli-
tional exhaustion. Peak O2 uptake
(VO2peak) was reported relative to total
and lean body mass.
Estimated METs. METs are strongly
correlated with cardiorespiratory fitness,
and measured VO2 is not available in most
cardiology and clinical exercise settings.
Therefore, it is relevant to quantify esti-
mated METs from a clinical perspective.
Estimated METs were derived from the
maximal speed and grade reached during
the cardiorespiratory fitness test at base-
line and follow-up, using equations from
the American College of Sports Medicine
(14).
Leg muscle strength. Concentric isoki-
netic knee extension torque was assessed
with a Biodex System 3 dynamometer
(Biodex Medical Systems, Shirley, NY),
and peak torque was determined as the
highest measured torque over five maxi-
mal repetitions.
HbA1c. Baseline and postintervention
HbA1c was obtained by venipuncture
after a 10-h fast and analyzed with
Beckman Coulter DxC 600 Pro (Brea,
CA).
Anthropometric measures and body
composition. Weight was measured on a
GSE 450 electronic scale (GSE, Livonia,
MI), and height was measured with a
standard stadiometer. BMI was calculated
as body weight in kilograms divided by
height in meters squared. Waist circum-
ference was measured to the nearest 0.1
cm at the level of the iliac crest while the
subject was at minimal expiration. Body
composition was measured by dual-
energy X-ray absorptiometry (DEXA) with
the QDR 4500A whole-body scanner
(Hologic Inc., Bedford, MA).

Statistical analysis
All analyses were performed with SAS
version 9.2 (SAS Institute Inc., Cary, NC)
statistical software. Baseline continuous
data are presented asmean6 SD,whereas
categorical variables are presented as n
(%). A one-way ANOVA was performed
to identify baseline differences between
groups for continuous variables. A x2

test was used to assess baseline differences
among groups in categorical variables.
Spearman correlations were performed
to determine the associations between
changes in body composition, cardiore-
spiratory fitness, and isokinetic leg

muscle strength and change in HbA1c.
A multiple linear regression model was
performed to test the impact of interven-
tion on changes in HbA1c. Unadjusted
and adjusted multiple linear regression
models revealed that intervention groups
were not significantly associated with
changes in HbA1c (unadjusted P = 0.17,
adjusted P = 0.18); therefore, a combined
analysis strategy was used. Multiple linear
regression models were used to identify
differences of change in HbA1c across
quartiles of change in body composition,
cardiorespiratory fitness, and isokinetic
leg muscle strength and are presented as
adjusted least squares mean with 95% CI.

Multiple logistic regression was used
to determine the odds of improving
HbA1c (Δ, 0%) on the basis of estimated
METs and trunk fat mass as well as esti-
mated METs and waist circumference
response after the intervention. A
dichotomous variable was coded for esti-
mated METs and trunk fat mass to
indicate a favorable response (Δestimated
METs . 0, Δtrunk fat mass , 0 kg) and
an unfavorable response or no change
(Δestimated METs # 0, Δtrunk fat mass
$ 0 kg) after exercise training. The re-
sponses for estimated METs and trunk
fat mass were combined to determine
the effect on the odds of a favorable re-
sponse in HbA1c. A similar dichotomous
variable was computed for waist circum-
ference and estimated METs. These mod-
els were adjusted for age, sex, race/
ethnicity, smoking, medication changes,
duration of diabetes, and baseline HbA1c

value.
Change in HbA1c (# 20.5%) or in

type 2 diabetes medication use (decrease
or discontinuation) suggests an improve-
ment in long-term glucose control (6).
Thus, multiple logistic regression was
used to determine the odds of reducing
HbA1c (# 20.5%) or type 2 diabetes
medications for glucose control (decrease
or discontinuation) on the basis of exercise-
induced changes in estimated METs
and trunk fat mass as well as estimated
METs and waist circumference (see pre-
vious paragraph). In this analysis, a di-
chotomous variable was created for
change in HbA1c (ΔHbA1c # 20.5% = 1,
ΔHbA1c . 20.5% = 0), and a dichoto-
mous variable was created for change in
type 2 diabetes medications (reduction/
discontinuation = 1, increase = 0, no
change = 0). These dichotomous variables
were coded into a single dependent vari-
able, and the models were adjusted for
age, sex, race/ethnicity, smoking, baseline

HbA1c value, and duration of diabetes.
Data are presented as odds ratio (OR)
(95% CI). Statistical significance was de-
fined as a two-tailed P # 0.05.

RESULTSdBaseline characteristics are
shown in Table 1. The study sample com-
prised 56.2% non-Hispanic white, 63.7%
women, 1.5% current smokers, and
28.9% former smokers. The mean age of
the sample was 56.76 8.0 years, and the
mean BMI was 34.36 5.7 kg/m2. Relative
VO2peak was 19.5 6 4.3 mLzkg21zmin21,
and mean type 2 diabetes duration was
7.3 6 5.6 years. Significant differences
were observed among exercise groups at
baseline for race/ethnicity (P = 0.048) and
HbA1c (P = 0.037).

The associations between change in
HbA1c and changes in body composition,
cardiorespiratory fitness, and isokinetic
leg muscle strength after 9 months of in-
tervention are shown in Table 2. Unad-
justed change in HbA1c was associated
with changes in body weight (P =
0.052), waist circumference (P = 0.013),
and trunk fat mass (P = 0.005) and in-
versely associated with estimated METs
(P = 0.023).

Adjusted change in anthropometry,
body composition, fitness, and strength
measures across quartiles of changes in
HbA1c are shown in Table 3. A significant
trend was observed for decrease in body
weight (P = 0.013), BMI (P = 0.025), and
trunk fat mass (P = 0.020) across quartiles
of changes in HbA1c. Similarly, a signifi-
cant trend was observed for decrease in
waist circumference (P = 0.011), with
the greatest reduction in HbA1c in the
highest quartile. No significant trend
was observed for decrease in total fat
mass across quartiles of changes in
HbA1c (P = 0.154). A significant trend
was observed for increase in estimated
METs (P = 0.011) across quartiles of
changes in HbA1c. No other fitness mea-
sures (VO2peak, muscle strength) were sig-
nificantly associated with change in
HbA1c (P . 0.05 for trend).

Table 4 describes the odds of reduc-
ing HbA1c on the basis of a favorable re-
sponse for estimated METs and trunk fat
mass (Δestimated METs . 0, Δtrunk fat
mass , 0 kg) or estimated METs and
waist circumference (Δestimated METs
. 0, Δwaist circumference , 0 cm).
The likelihood of a favorable response
(ΔHbA1c , 0%) was 3.48 (95% CI
1.46–8.31) in participants who had in-
creased estimated METs and decreased
trunk fat mass and 4.57 (1.80–11.65) in
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participants who had increased estimated
METs and decreased waist circumference
compared with those with an unfavorable
response. However, the interactions be-
tween increase in estimatedMETs and de-
crease in trunk fat mass (P = 0.435) or
decrease in waist circumference (P =
0.863) were not significantly associated
with change in HbA1c. Additionally, in
participants with increased estimated
METs and decreased waist circumference,
the likelihood of a favorable response (im-
prove HbA1c, reduced diabetes medica-
tions, or both) was 2.81 (1.13–6.98)
compared with those with an unfavorable
response after the intervention. Similarly,
the interaction between an increase in es-
timated METs and a decrease in trunk fat
mass (P = 0.760) or waist circumference
(P = 0.884) was not significant.

CONCLUSIONSdThe primary re-
sults of the current study suggest that
reducing central adiposity and increasing
fitness in a large sample of men and

women with type 2 diabetes are critical
factors to improving glycemic control
(HbA1c) after an exercise training pro-
gram. Additionally, the data suggest
that a decrease in central adiposity and
an increase in fitness increase the likeli-
hood of achieving a favorable HbA1c re-
sponse (.0.5% decrease) or reducing the
number of medications required for the
treatment of type 2 diabetes. These find-
ings have clinical implications for the de-
sign of exercise training programs used to
treat individuals with type 2 diabetes be-
cause they suggest that a concomitant re-
duction in central adiposity and increase
in fitness should be the main focus of an
exercise intervention aiming to improve
glycemic control.

The relationship between the change
in central adiposity and change in HbA1c

is supported by previous studies
(9,11,16). Bacchi et al. (11) found that
change in trunk fat mass was the strongest
predictor for change in HbA1c after 4
months of aerobic or resistance training

alone in patients with type 2 diabetes.
Castaneda et al. (9) investigated the im-
pact of resistance training on body com-
position and glycemic control in
individuals with type 2 diabetes and
found that a decrease in trunk fat mass
was accompanied by a reduction of
1.1% in HbA1c after resistance training.
Doyon et al. (17) reported an association
between trunk fat mass measured by
DEXA and visceral fat mass measured by
CT scan before (r = 0.61, P # 0.01) and
after (r = 0.67, P # 0.01) an intervention
of weight loss with or without resistance
training in a cohort of obese postmeno-
pausal women. Therefore, loss in visceral
fat may, at least in part, be responsible for
the reduction in HbA1c observed in the
current study because previous research
suggests that a reduction in visceral fat
improves glycemic control in individuals
with type 2 diabetes (18–20). In support of
this hypothesis, a study by Giannopoulou
et al. (21) suggested that exercise is
mandatory to decrease visceral fat in

Table 1dBaseline characteristics

Control (n = 30) Aerobic (n = 53) Resistance (n = 57) Combined (n = 61) P value

General characteristics
Age (years) 58.6 6 8.5 55.1 6 8.3 58.1 6 8.3 55.9 6 7.2 0.122
Male 11 (36.6) 18 (33.9) 24 (42.1) 20 (32.7) 0.733

Race/ethnicity
Non-Hispanic white 17 (56.6) 33 (62.3) 32 (56.1) 31 (50.8) 0.679
African American 11 (36.6) 20 (37.7) 24 (42.1) 24 (39.3) 0.954
Hispanic/other 2 (6.6) 0 (0.0) 1 (1.7) 6 (9.8) 0.048

Smoking
Current 1 (3.3) 0 (0.0) 1 (1.7) 1 (1.6) 0.675
Former 10 (33.3) 14 (26.4) 19 (33.3) 15 (24.5) 0.672

Body composition
Weight (kg) 98.9 6 20.6 94.4 6 14.8 96.2 6 15.9 96.5 6 18.5 0.718
BMI (kg/m2) 35.3 6 6.3 34.0 6 5.6 33.9 6 5.4 34.7 6 5.9 0.614
Waist circumference (cm) 110.6 6 14.8 108.9 6 12.2 111.3 6 11.9 112.0 6 13.0 0.632
Body fat (%) 38.7 6 7.2 37.3 6 7.6 36.7 6 8.0 38.5 6 6.9 0.505
Total fat mass (kg) 38.9 6 12.1 35.4 6 9.4 35.8 6 10.5 37.8 6 11.1 0.400
Peripheral fat mass (kg) 13.3 6 4.5 12.0 6 4.0 11.9 6 4.4 12.7 6 4.6 0.442
Trunk fat mass (kg) 20.2 6 6.9 18.9 6 4.9 19.5 6 5.4 20.3 6 5.9 0.518
Total LBM (kg) 57.9 6 11.9 56.8 6 11.0 58.4 6 10.9 57.0 6 11.6 0.867
Peripheral LBM (kg) 26.7 6 5.8 25.7 6 5.5 26.3 6 5.4 26.0 6 6.0 0.857

Exercise test variables
Absolute VO2 peak (L/min) 1.8 6 0.4 1.9 6 0.5 1.9 6 0.5 1.8 6 0.4 0.668
Relative VO2 peak (mLzkg21zmin21) 18.7 6 3.7 20.4 6 5.1 19.8 6 4.5 18.9 6 3.3 0.209
Relative VO2 peak (mLzLBM21zmin21) 31.6 6 4.3 33.5 6 5.4 32.2 6 4.8 31.7 6 3.7 0.175
Estimated METs 6.8 6 1.2 7.1 6 1.6 7.0 6 1.3 6.8 6 1.0 0.453
Isokinetic leg muscle strength (Nm) 127.7 6 39.1 133.2 6 45.4 129.7 6 45.4 124.2 6 49.0 0.763

Diabetes
HbA1c (%) 7.6 6 1.4 7.0 6 0.9 7.1 6 1.0 7.2 6 1.1 0.037
Diabetes duration (years) 7.3 6 5.0 7.2 6 5.8 7.6 6 5.8 6.9 6 5.6 0.933

Data are mean 6 SD on n (%). LBM, lean body mass; Nm, newton meter.
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individuals with type 2 diabetes. This de-
crease in visceral fat mass would decrease
free fatty acid flux and improve glucose
disposal (22), which would improve gly-
cemic control. Secondary analyses re-
vealed that trunk fat mass measured by

DEXA was significantly associated with
waist circumference (r = 0.87, P ,
0.0001), which supports that waist cir-
cumference is an appropriate surrogate
measure to evaluate the improvement in
central adiposity from exercise training
because trunk and visceral fat mass are
not evaluated in most clinical and exercise
settings. We also found that a reduction in
central adiposity (measured by trunk fat
mass or waist circumference) was associ-
ated with a reduction in HbA1c. Addition-
ally, when this reduction in central
adiposity occurred with an improvement
in estimated METs, it was associated
with a greater odds of improving glucose
control or decreasing the number of dia-
betes medications. Therefore, the current
results suggest that a reduction in central
adiposity is associated with an improve-
ment in HbA1c, which is optimized by
the concomitant increase in fitness, in in-
dividuals with type 2 diabetes.

Of note, the results show an associa-
tion between the change in fitness (mea-
sured by estimated METs) and change in
HbA1c but not VO2peak. The change in car-
diorespiratory fitness was associated
with a change in estimated METs (P ,
0.0001), but the variability between the
measures was surprisingly low (;31%,
r = 0.56). In contrast, in a similar study,
Larose et al. (12) showed that cardiorespi-
ratory fitness measured by a VO2max

treadmill test was a strong predictor of
change in HbA1c, whereas treadmill time
to exhaustion was only marginally associ-
ated with a reduction in HbA1c. This re-
sult is controversial because the current
study found a strong association between
changes in treadmill time to exhaustion
and change in HbA1c (data not shown
[P = 0.01 for trend]). The discrepancy be-
tween the current results and those of
Larose et al. may lie on the statistical anal-
ysis strategy used (per group versus com-
bined groups), differences in exercise
dose in the combined group (full aerobic
and full resistance training versus a re-
duced dose in HART-D for the combined
group), and overall intervention design.
Although the specific rationale explaining
the lack of a relationship between VO2max

and HbA1c is unknown, the estimated
METs and workload on a treadmill are
associated with cardiovascular and all-
cause mortality in individuals with type
2 diabetes (23–25). Furthermore, other
exercise training studies found that re-
ductions in HbA1c are associated with an
increase in treadmill time to exhaustion
(26,27). Considering that treadmill time
to exhaustion and estimated METs were
associated with changes in HbA1c, the
current findings may have relevant clini-
cal applications because these fitness
measures typically are evaluated in clini-
cal settings. However, the fitness results

Table 2dSpearman correlation coefficients
between change in body composition, fitness
measures, and isokinetic leg muscle strength
and change in HbA1c

Change in
HbA1c

Variable r P value

Weight 0.13 0.052
BMI 0.12 0.089
Waist circumference 0.17 0.013
Total body fat 0.10 0.146
Total fat mass 0.10 0.130
Peripheral fat mass 0.06 0.386
Trunk fat mass 0.19 0.005
Total lean body mass 0.03 0.659
Peripheral lean body mass 20.04 0.529
Absolute VO2 peak (L /min) 0.04 0.495
Relative VO2 peak

(mLzkg21zmin21) 20.01 0.940
Relative VO2 peak

(mLzLBM21zmin21) 0.02 0.761
Estimated METs 20.16 0.023
Isokinetic leg
muscle strength 0.01 0.947

Table 3dChanges in exposure variables across quartiles of change in HbA1c

DHbA1c

Exposure variable
Quartile 1

(range 0.25 to 4.40%)
Quartile 2

(range 20.10 to 0.20%)
Quartile 3

(range 20.55 to 20.10%)
Quartile 4

(range 23.55 to 20.60%)
P for
trend

Weight (kg) 0.11 (20.78 to 1.01) 20.03 (20.93 to 0.86) 21.69 (22.60 to 20.78) 21.07 (21.97 to 20.17) 0.013
BMI (kg/m2) 0.02 (20.30 to 0.34) 20.06 (20.38 to 0.26) 20.61 (20.94 to 20.28) 20.36 (20.68 to 20.03) 0.025
Waist circumference (cm) 20.84 (21.95 to 0.27) 21.15 (22.26 to 20.04) 22.02 (23.15 to 20.90) 22.72 (23.83 to 21.60) 0.011
Total body fat (%) 20.38 (20.87 to 0.10) 20.64 (21.12 to 20.15) 21.09 (21.58 to 20.59) 20.67 (21.15 to 20.18) 0.250
Total fat mass (kg) 20.54 (21.23 to 0.15) 20.85 (21.54 to 20.15) 21.67 (22.37 to 20.97) 21.03 (21.73 to 20.34) 0.154
Peripheral fat mass (kg) 20.15 (20.45 to 0.13) 20.20 (20.49 to 0.08) 20.42 (20.71 to 20.12) 20.24 (20.54 to 0.04) 0.476
Trunk fat mass (kg) 20.13 (20.57 to 0.29) 20.49 (20.92 to 20.05) 21.11 (21.55 to 20.67) 20.72 (21.15 to 20.28) 0.020
Total LBM (kg) 0.18 (20.38 to 0.75) 0.50 (20.07 to 1.07) 20.08 (20.66 to 0.49) 20.02 (20.60 to 0.54) 0.360
Peripheral LBM (kg) 20.02 (20.37 to 0.31) 0.24 (20.09 to 0.58) 0.10 (20.23 to 0.45) 0.18 (20.15 to 0.52) 0.502
Absolute VO2 peak (L/min) 0.02 (20.02 to 20.08) 0.01 (20.03 0.07) 0.01 (20.04 to 0.07) 0.03 (20.02 to 0.09) 0.888
Relative VO2 peak

(mLzkg21zmin21) 0.26 (20.37 to 20.91) 0.25 (20.38 to 0.88) 0.48 (20.16 to 1.13) 0.53 (20.10 to 1.18) 0.479
Relative VO2 peak

(mLzLBM21zmin21) 0.38 (20.61 to 1.38) 0.23 (20.75 to 1.21) 0.23 (20.76 to 1.24) 0.38 (20.61 to 1.38) 0.998
Estimated METs 0.11 (20.15 to 0.39) 0.46 (0.19 to 0.73) 0.73 (0.45 to 1.00) 0.56 (0.29 to 0.83) 0.011
Isokinetic leg muscle
strength (Nm) 5.04 (21.13 to 11.21) 3.83 (22.33 to 10.01) 8.73 (2.49 to 14.98) 4.03 (22.14 to 10.21) 0.900

Data are adjusted mean (95% CI). Analyses were adjusted for age, sex, smoking, race/ethnicity, medication changes, and baseline HbA1c. LBM, lean body mass; Nm,
newton meter.
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are especially relevant to exercise clini-
cians, who should prescribe training pro-
grams that can safely promote the greatest
reduction in central adiposity and im-
provement in fitness in individuals with
type 2 diabetes.

In the current study, improvement in
muscle strength was not related to reduc-
tions in HbA1c, which is in contrast with
previous studies (7,12) that found that
the combination of resistance and aerobic
training were the most beneficial for im-
provement in glucose control. Perhaps re-
sistance training contributes either to the
improvement in fitness or the reduction
in central adiposity. In HART-D, the com-
bined training group had the greatest re-
duction in trunk fat mass, even when
compared with the aerobic group, and a
significant improvement in treadmill time
to exhaustion. In contrast to the current
results, Larose et al. (12) reported that
change in muscle strength was associated
with change in HbA1c. The observed dis-
parity may be explained by the different
muscle limb measurement (upper versus
lower) or methodology used to quantify
change in muscle strength (one repetition
maximum versus Biodex). It has been re-
ported that using dissimilar training and
testing modalities might compromise the
capability to quantify muscle strength
changes (28). Nevertheless, previous
studies performed in individuals with
type 2 diabetes support our observation.
For example, Ishii et al. (29) and Ibañez
et al. (30) did not observe an association
between changes in muscle strength and
changes in HbA1c, despite a 16 and 17%
increase in muscle strength, respectively.

A potential limitation of our study
is the lack of gold standard measures
for visceral fat mass and oral glucose

tolerance test, which could have given
insight into the mechanism underlying
the improvement in HbA1c. Strengths of
our study were the large sample size and
the standardized and tightly supervised
exercise training session. Another strength
was that HART-D participants had excel-
lent compliance (.80%) to exercise train-
ing, and we adjusted the analyses for
potential confounding variables that
may affect HbA1c. Finally, the sample
was diverse in terms of age, sex, and
race/ethnicity (39.3% African American),
which makes the findings generalizable,
although the overall study group was gen-
erally middle-aged, obese, and with rela-
tively poor baseline fitness.

In conclusion, this study suggests
that trunk fat mass and estimated METs
are both associated with changes in
HbA1c. From a clinical standpoint, the
goals behind physical activity programs
in individuals with type 2 diabetes should
be to maximize the increase in fitness and
decrease in central fat mass (especially
waist circumference) to reduce HbA1c.
Future research should investigate the
specific mechanisms by which exercise
training–related increases in fitness and
central adiposity reduction improve
HbA1c in individuals with type 2 diabetes.
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