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Context—Exercise guidelines for individuals with diabetes include both aerobic and resistance
training although few studies have directly examined this exercise combination.

Objective—To examine the benefits of aerobic training alone, resistance training alone, and a
combination of both on hemoglobin A1c (HbA1c) in individuals with type 2 diabetes.

Design, Setting, and Participants—A randomized controlled trial in which 262 sedentary
men and women in Louisiana with type 2 diabetes and HbA1c levels of 6.5% or higher were
enrolled in the 9-month exercise program between April 2007 and August 2009.

Intervention—Forty-one participants were assigned to the nonexercise control group, 73 to
resistance training 3 days a week, 72 to aerobic exercise in which they expended 12 kcal/kg per
week; and 76 to combined aerobic and resistance training in which they expended 10 kcal/kg per
week and engaged in resistance training twice a week.

Main Outcome—Change in HbA1c level. Secondary outcomes included measures of
anthropometry and fitness.

Results—The study included 63.0% women and 47.3% nonwhite participants who were a mean
(SD) age of 55.8 years (8.7 years) with a baseline HbA1c level of 7.7% (1.0%). Compared with the
control group, the absolute mean change in HbA1c in the combination training exercise group was
−0.34% (95% confidence interval “CI”, −0.64% to −0.03%; P=.03). The mean changes in HbA1c
were not statistically significant in either the resistance training (−0.16%; 95% CI, −0.46% to
0.15%; P=.32) or the aerobic (−0.24%; 95% CI, −0.55% to 0.07%; P=.14) groups compared with
the control group. Only the combination exercise group improved maximum oxygen consumption
(mean, 1.0 mL/kg per min; 95% CI, 0.5-1.5, P<.05) compared with the control group. All exercise
groups reduced waist circumference from −1.9 to −2.8 cm compared with the control group. The
resistance training group lost a mean of −1.4 kg fat mass (95% CI, −2.0 to −0.7 kg; P<.05) and
combination training group lost a mean of −1.7 (−2.3 to −1.1 kg; P<.05) compared with the
control group.

Conclusions—Among patients with type 2 diabetes mellitus, a combination of aerobic and
resistance training compared with the nonexercise control group improved HbA1c levels. This was
not achieved by aerobic or resistance training alone.

Although it is Generally Accepted that regular exercise provides substantial health benefits
to individuals with type 2 diabetes, the exact exercise prescription in terms of type (aerobic
vs resistance vs both) is unclear.1-6

A 2001 meta-analysis of 12 aerobic training studies and 2 resistance training studies
concluded that exercise training decreases hemoglobin A1c (HbA1c) by 0.66% in individuals
with type 2 diabetes.5 A 2006 meta-analysis composed of 27 studies found exercise to be
associated with a mean reduction in HbA1c of 0.80% with no difference in magnitude of
change in HbA1c between aerobic, resistance, or combination training.7 None of the studies
in either of the meta-analyses were adequately powered to directly compare aerobic,
resistance, and combination training. In 2007 Sigal et al8 published the findings from the
Diabetes Aerobic and Resistance Exercise (DARE) study, which is the first adequately
powered and controlled study comparing aerobic training, resistance training, or both with
change in HbA1c in individuals with type 2 diabetes. All exercise groups had a reduction in
HbA1c compared with the control group, but the combination group had a larger reduction
(−1.0%) compared with the resistance training (−0.4%) and aerobic (−0.5%) groups.
However, the combination-exercise group performed both the aerobic and resistance training
for 135 minutes a week for each activity type, resulting in approximately 270 minutes per
week of exercise. It is unclear whether the additional benefit observed was due to the
combination of resistance and aerobic training or to the extra exercise time.
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Given that the 2008 Federal Physical Activity Guidelines recommend aerobic exercise in
combination with resistance training, the unanswered question as to whether for a given
amount of time the combination of aerobic and resistance exercise is better than either alone
has significant clinical and public health importance. The goal of the Health Benefits of
Aerobic and Resistance Training in individuals with type 2 diabetes (HART-D) study was
designed to compare aerobic training, resistance training, and a combination of both on
HbA1c in sedentary women and men with type 2 diabetes while maintaining similar weekly
training durations.

Methods
Participants and Enrollment Process

We recruited all of our participants from the greater Baton Rouge, Louisiana, area using
media, mailers, and community events between April 2007 and August 2009 (Figure 1).
After the telephone screen, eligible participants were invited to an orientation where
participants were provided a detailed study overview, provided consent, and were screened
for additional inclusion criteria. If eligible, participants were invited to partake in an
educational run-in period consisting of 6 one-hour visits over 2 weeks. During the run-in
period, HbA1c was measured, and at each visit a brief video education session was provided.
We randomized 262 sedentary 30- to 75-year-old adults with type 2 diabetes and HbA1c
levels of 6.5% to 11.0%. Sedentary was defined as not exercising more than 20 minutes on 3
or more days a week. Diabetes status was confirmed by medical history review. Exclusion
criteria included body mass index (calculated as weight in kilograms divided by height in
meters squared) of 48.0 or higher, blood pressure of 160/100 mm Hg or higher, fasting
triglycerides 500 mg/dL or higher, use of an insulin pump, urine protein greater than 100
mg/dL, serum creatinine greater than 1.5 mg/dL, history of stroke, advanced neuropathy or
retinopathy, or any serious medical condition that prevented participants from adhering to
the protocol or exercising safely. The protocol was approved by the institutional review
board of the Pennington Biomedical Research Center, and all participants gave written
informed consent.

To convert triglycerides from mg/dL to mmol/L, multiply by 0.0113 and creatinine from
mg/dL to μmol/L, multiply by 88.4.

Study Design
HART-D was a randomized 9-month exercise intervention with a control and 3 different
exercise groups: aerobic training only, resistance training only, and a combination of aerobic
and resistance training.

The nonexercise control group was offered weekly stretching and relaxation classes and was
asked to maintain current activity during the 9-month study period.

We designed interventions to have approximately equal time requirements. All exercise
sessions were supervised. We standardized the exercise prescription to body weight and
estimated that 150 minutes per week of moderate intensity exercise is equivalent to 10 to 12
kcal/kg of body weight per week. Exercise intensity was 50% to 80% of maximum oxygen
consumption. We selected an aerobic dose of 12 kcal/kg per week for the aerobic group and
10 kcal/kg per week for the combination exercise group.

Participants were weighed weekly to calculate their kcal/kg per week target. During weeks
12 and 24 the exercise dose was reduced by one-third to provide a recuperation week. Each
session had a 5-minute warm-up and cool-down period. American College of Sports
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Medicine equations were used to estimate caloric expenditure rate and time required per
session.9

Resistance training participants exercised 3 days per week with each session consisting of 2
sets of 4 upper body exercises (bench press, seated row, shoulder press, and pull down), 3
sets of 3 leg exercises (leg press, extension, and flexion) and 2 sets each of abdominal
crunches and back extensions. Those in the combination exercise group had 2 resistance
training sessions per week with each session consisting of 1 set of each of the above 9
exercises. For the combination and resistance training groups, each set consisted of 10 to 12
repetitions. Once the participant was able to complete 12 repetitions for each set of exercises
on 2 consecutive exercise sessions, the prescribed weight was increased.

To ensure safety, participants had monthly visits with a certified diabetes educator who
conducted foot checks for blisters and pressure sores and reviewed fasting glucose records to
identify hypoglycemic risk. These visits included documentation of medication changes and
measuring weight and HbA1c levels. The certified diabetes educator had no role in the
intervention.

The primary outcome of HART-D, change in HbA1c levels, was assessed monthly.
Secondary outcomes include measures of anthropometry, fitness, strength, and changes in
diabetes medications that were assessed at baseline and follow-up only.

Hemoglobin A1c assessed at the monthly visits with the diabetes educator was from a finger
prick sample run on an automated glycosylated hemoglobin analyzer (DCA 2000+, Bayer,
Dublin, Ireland). At baseline and follow-up clinic visits, blood was collected and processed
after an overnight fast. Lipid (total cholesterol, high-density lipoprotein and low-density
lipoprotein cholesterol, and triglyceride) and glucose levels were analyzed on a DXC 600
Pro (Beckman Coulter Inc, Brea, California). Insulin was measured using an immunoassay
on the Siemens 2000 (Siemens, Deerfield, Illinois).

Exercise testing was conducted on a treadmill (Trackmaster 425, Carefusion, Newton,
Kansas) with respiratory gases sampled using a True Max 2400 Metabolic Measurement
Cart (ParvoMedics, Salt Lake City, Utah). Participants self-selected a walking pace and the
grade increased by 2% every 2 minutes until exhaustion. The same speed was used for
baseline and follow-up testing. Maximal estimated metabolic equivalent tasks (METs)
achieved was calculated from speed and grade.9 We performed all muscular strength
assessments using a Biodex System 3 dynamometer (Biodex Medical Systems, Shirley, New
York). Concentric isokinetic knee flexion and extension were tested to determine peak
torque (60°/s) and total work (300°/s). Peak torque was determined as the best of 5 maximal
repetitions and divided by lean mass. Total work was determined as the total work
accomplished for 30 repetitions of maximal effort.

Diabetes medication type and dosage were assessed by detailed questionnaire with visual
confirmation of prescription bottles. Participants were categorized as either increased,
decreased, or no change in diabetes medications based on baseline and follow-up medication
dosages. When the type of diabetes medication was changed, a pharmacist was consulted to
categorize the change.

Weight was measured on a GSE 450 electronic scale (GSE Scale Systems, Novi, Michigan)
and height was measured using a standard stadiometer. Dual-energy x-ray absorptiometry
scans were performed using the QDR 4500A whole-body scanner (Hologic Inc, Bedford,
Massachusetts). Diet was assessed at baseline and follow-up using the Block Food
Frequency Questionnaire.10 Race/ethnicity was obtained through written self-report to
examine the effect of ethnicity on exercise training response.
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Strategies to reduce dropout and maintain adherence included a 2-week prerandomization
run-in period, behavioral contracts, and consistent support from staff members. Participants
were reimbursed $100 ($50 each) for baseline and follow-up assessments, and an additional
$100 based on adherence. For the control group, adherence was based on attending monthly
diabetes educational sessions, returning monthly stepcount forms, and completing medical
symptoms questionnaires. For each month missed, $10 was deducted. For the exercise
group, compensation was reduced by $1 for every 1% decrease in attendance beyond 90%.

Power and sample size calculations were based on a predicted HbA1c difference of 0.66
HbA1c units with an SD of effect of 1.2 HbA1c units, α = .05, 1-β = .85 and an expected
dropout rate of 15%.5 The calculation yielded 70 participants per group. Members of the
HART-D scientific advisory committee recommended that the control group be monitored
closely. Safety monitoring included blinded monitoring of HbA1c levels. The control group
was unblinded after 7 participants (17.1%) had an increase in HbA1c level of 1.0% or higher.
With the data safety monitoring board recommendation, we decided to stop randomizing
individuals into the control group. As a result, a total of 41 individuals were randomized to
the control group. At that point, the SD of effect was 1.0 HbA1c units instead of 1.2; thus,
our power for comparison of exercise groups vs control was still 1-β = .83.

Eligible participants were randomized after completing run-in and baseline assessments. The
randomization sequence was computer generated using randomly permuted blocks of equal
length with fixed numbers of treatment allotments each, to balance treatment enrollments
over time. After the control group was closed early, a new randomization sequence was
prepared.

There were separate intervention and assessment teams and all assessment staff were
blinded to participant randomization assignment. The clinical testing and exercise training
laboratories were in separate buildings, and participants were reminded frequently not to
disclose their group assignment to assessment staff.

Statistical Analysis
Primary outcome analyses used the intention-to-treat principle and included all participants
as randomized. All available data were examined using linear mixed-effects models for
repeated measures over time. For the dependent variables, HbA1c, weekly step counts, and
exercise training monthly data were available, whereas for the independent variables,
assessing medications, fitness, strength, and anthropometry, only baseline and follow-up
data were available. Covariates included baseline value, age, sex, duration of diabetes, and
race/ethnicity with the fitness variables also adjusted for maximum heart rate during
exercise testing at baseline and follow-up. Results are presented as least-squares adjusted
means with 95% confidence intervals (CIs). Additionally, because HART-D was designed
as an efficacy study, we performed per-protocol analyses limited to a subgroup of
participants composed of all control participants and only the exercise group participants
who met the criteria of at least 70% adherence to their exercise prescription for at least 6
months.

Significance of between-group differences in medication changes (no change, increase, or
decrease) were assessed using the χ2 test with the linear association across groups assessed
by the Mantel-Haenszel test. To assess concomitant reductions in hypoglycemic medication
use and reductions in HbA1c, levels, a composite dichotomous outcome variable was
created. Individuals who decreased diabetes medication or reduced HbA1c by 0.5% without
increasing medications were defined as successfully achieving the HbA1c-diabetes
medication composite outcome. The likelihood of achieving the composite outcome was
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assessed using logistic regression with adjustment for baseline HbA1c, age, sex, duration of
diabetes, and race/ethnicity.

P≤.05 (2-tailed) was used to identify statistical significance. All analyses were performed
using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina).

Results
Table 1 shows that the study participants were 63.0% women and 47.3% nonwhite,
participants who were a mean (SD) age of 55.8 (8.7) years, had a body mass index of 34.9
(5.9), had HbA1c level of 7.7% (1.0%), and duration of diabetes of 7.1 (5.5) years. There
were 97.3% taking diabetes medications with 18.3% taking insulin. Many participants had a
history of comorbidities. Baseline systolic blood pressure and LDL cholesterol were well
controlled, most likely because of the high percentage of patients taking medications.

Table 2 summarizes the exercise training data by month for individuals who met the per-
protocol criteria. The aerobic and combination training groups performed their aerobic
exercise at about 65% of maximum oxygen consumption. For both the aerobic and
combination training groups the mean treadmill grade and METs progressively increased
during the intervention period resulting in shorter exercise sessions over the course of the
intervention. The total exercise dose ranged from 623.7 to 681.9 MET/min per week for the
aerobic group and 532.0 to 572.8 MET/min per week in the combination training group.
Taking into account the exercise intervention time and warm-up and cool-down time, we
estimate that participants in the aerobic group typically spent mean 140 min/wk (range,
130-150 min/wk) on the treadmill, the resistance training group averaged 141 min/wk, and
the combination training group spent a mean 110 min/wk (range, 100-120 min/wk) on the
treadmill and between 30 and 40 min/wk lifting weights. There was no change in outside
steps for any of the groups including the control group. The range in weekly steps for the
control group was from 4180 to 4376. The mean change in kilocalories per day intake at
follow-up was −93 (95% CI, −219 to 33) for the control, −162 (95% CI, −256 to −68) for
the resistance training, −179 (95% CI−275 to −82) for the aerobic, and −127 (95% CI, −220
to −34) for the combination training groups, with no significant between-group differences.

Figure 2 depicts monthly HbA1c levels across the groups for the intention-to-treat and per-
protocol analyses derived from a linear mixed model that included the covariates age, sex,
race/ethnicity, diabetes duration, and baseline HbA1c. The group (P = .01) and month (P< .
001) effects were statistically significant. Similar results were observed in the per-protocol
analyses, which included all controls and only individuals in the exercise groups who
obtained at least 70% adherence to their exercise prescription for at least 6 months.

Table 3 summarizes results for baseline, follow-up and change in HbA1c across the groups.
The absolute change in HbA1c in the combination training group vs the control group was
−0.34% (95% CI, −0.64% to −0.03%; P=.03). In neither the resistance training (−0.16%,
95% CI, −0.46% to 0.15%; P=.32) nor the aerobic (−0.24%; 95% CI−0.55% to 0.07%; P=.
14) groups were changes in HbA1c significant compared with those in the control group. In a
subgroup analysis limited to participants with a baseline HbA1c 7.0% or higher, both the
aerobic (−0.50%; 95% CI, −0.90% to −0.11%; P=.01) and combination training (−0.53%;
95% CI, −0.92% to −0.14%; P=.008) groups experienced significant reductions in HbA1c vs
the control. In both analyses the intention-to-treat and per-protocol analyses produced
similar results.

Table 4 summarizes results for fitness, strength, and body composition. The combination
training group improved peak oxygen consumption per unit time compared with the control
and the resistance training groups. All groups improved time on treadmill compared with the
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control group. Work per extension over 30 repetitions increased in the resistance training
group compared with all other groups and in the combination training group compared with
the control and aerobic groups. At follow-up, the combination training group had a decrease
in mean weight compared with the control and resistance training group. Participants in the
resistance training group had reduction in fat mass compared with the control, whereas the
combination training group had a reduction in fat mass compared with the control and
aerobic groups. The mean lean mass in the resistance training group increased compared
with the aerobic group and combination groups. All exercise groups had reduction in waist
circumferences compared with the control group. The findings from the per-protocol
analysis closely matched the intent-to-treat analysis.

The prevalence of increases in hypoglycemic medications were 39% in the control, 32% in
the resistance training, 22% in the aerobic, and 18% in the combination training groups with
the Mantel-Haenszel test for linear association being significant (P=.005). The prevalence of
decreases in hypoglycemic medications were 15% in the control, 22% in the resistance
training, 19% in the aerobic, and 26% in the combination training groups (P=.20). The
prevalence of individuals who achieved the composite outcome of either decreasing
hypoglycemic medication or reducing HbA1c by 0.5% without increasing medications were
22% in the control group, 26% in the resistance training, 29% in the aerobic, and 41% in the
combination training groups (Mantel-Haenszel χ2, P=.02). The odds ratio of achieving the
composite outcome compared with the control group was 1.5 (95% CI, 0.6-3.8) for the
resistance training, 1.8 (95% CI, 0.7-4.70) for the aerobic, and 2.9 (95% CI, 1.2-7.0) for the
combination training groups.

Twenty-one events qualified as serious adverse events with the prevalence similar across
groups (control, 3 events; resistance training, 8 events; aerobic, 6 events; and combination
taring, 4 events). The nature of the adverse events was diverse and included diverticulitis,
emergency hysterectomy, lung cancer, 5 cardiovascular disease events (all unrelated to
intervention), blood clot, and others. No serious adverse event occurred during exercise
training and only 1 was considered associated with exercise.

Comment
The primary finding from this randomized, controlled exercise trial involving individuals
with type 2 diabetes is that although both resistance and aerobic training provide benefits,
only the combination of the 2 were associated with reductions in HbA1c levels. Furthermore,
cumulative benefit across all outcomes was greater in the combination training group
compared with either aerobic or resistance training alone. To our knowledge, this is the first
large randomized trial involving individuals with type 2 diabetes to directly test exercise
prescriptions that are consistent with the 2008 Physical Activity Guidelines of 500 to 1000
MET-minutes per week combined with 2 days of resistance training.4 The 2 most important
goals in the development of the exercise doses for HART-D were to keep the total duration
of weekly exercise similar across groups while ensuring that the aerobic prescriptions met
current guidelines. We achieved both goals: total time spent exercising across the groups
was approximately 140 min/wk, and the aerobic and the combination training groups
performed approximately 680 and 570 MET/min per week, respectively. Our findings
strongly support the 2008 Physical Activity Guidelines recommendation that optimal
physical activity programs consist of regular physical activity combined with resistance
training.

An absolute decrease of 1% in HbA1c levels has been associated with a 15% to 20%
decrease in major cardiovascular disease events and 37% decrease in microvascular
complications.11-13 Thus, our observed reduction of −0.3 to −0.4% HbA1c levels might be
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expected to produce a 5% to 7% reduction in cardiovascular disease risk and a 12%
reduction in risk of microvascular complications. Furthermore, subgroup analysis showed
that individuals with elevated baseline HbA1c (≥7.0%) had an HbA1c difference of −0.5% to
−0.6%, which would be expected to decrease risk of cardiovascular disease events by 7% to
10% and microvascular complications by 18%. However, these risk reduction estimates are
likely conservative because they are derived from medication studies and do not take into
account improvements in cardiorespiratory fitness and strength and reductions in fat mass
and waist circumference. For example, our findings that both the aerobic and combination
training groups had a 1 MET increase in fitness compared with controls is of public health
significance given that each MET is associated with 15% to 20% lower cardiovascular
disease mortality risk.14-16

It also is important to appreciate that the follow-up difference in HbA1c between the
combination training group and the control group occurred even though the control group
had increased its use of diabetes medications while the combination training group
decreased its diabetes medication uses. This is illustrated by the HbA1c-diabetes medication
composite outcome achieved by 40% of individuals in the combination treatment group
compared with only 22% in the control group.

Although the pattern of HbA1c change in the HART-D and DARE trials was similar to the
aerobic and resistance training groups having approximately half the improvement in HbA1c
reductions as the combination training group, the magnitude of change in each of the groups
is smaller in HART-D than in the DARE trial. The difference in change in HbA1c in the
combination groups (−0.3% vs −1.0%) may be explained by the larger resistance training
dose performed by DARE participants, but it does not explain differences in the aerobic
(−0.2 vs −0.5%) and resistance (−0.2 vs −0.4%) groups because these doses were similar in
the 2 studies.

There are differences in the HART-D and DARE study populations and methods that may
account for the different training responses. Compared with DARE participants, our
participants had a longer duration of diabetes (7.1 vs 5.4 years), included more women (63%
vs 36%), had a higher prevalence of non-white participants (47% vs 8%), and included
18.3% of the HART-D participants who were treated with insulin, whereas insulin use was
an exclusion criterion in the DARE trial. The most important methodological difference
between the trials may be the handling of the changes in hypoglycemic medications. In the
DARE trial, steps were taken to minimize hypoglycemic medication changes resulting in a
low prevalence of change in medications, whereas in HART-D, changes in hypoglycemic
medication were left to the discretion of the participants and their physicians, resulting in
substantial changes in hypoglycemic medication across groups.

All exercise groups in HART-D had a reduction of waist circumference compared with the
control group. Only the combination training group lost weight, and while both the
combination and resistance training groups lost fat mass compared with the control group,
the aerobic group did not. The lack of weight loss in the resistance training group can be
explained by the increase in lean mass. The failure of the aerobic group to lose a substantial
amount of weight (or fat) has been reported in numerous aerobic exercise trials, which may
be due to aerobic training resulting in energy intake, expenditure compensation, or both.18-20

However, in this instance the combination training group performed a similar dose of
aerobic exercise yet lost weight and fat mass, leaving the possibility that the resistance
training contributed to the weight loss. The potential role and mechanisms of resistance
training in preventing lean mass loss and producing weight loss in combination of aerobic
exercise is an area deserving of future research.
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Strengths and Limitations
Strengths of the HART-D study include that this is an efficacy study, using tightly
controlled exercise regimens, with all exercise completed in a laboratory with extensive
monitoring of training. However, these ideal circumstances also represent a limitation in
terms of dissemination. The population was diverse in age, sex, ethnicity, medication use,
and comorbidities making our findings generalizable. Despite a population with many
medical concerns, we obtained good exercise adherence and a low dropout rate.
Furthermore, the exercise prescriptions performed are easily obtainable and well tolerated
by individuals with diabetes, which has important implications for refining future physical
activity recommendations. We used a food frequency questionnaire at baseline and follow-
up to assess changes in diet, which limits our ability to identify changes in caloric intake and
diet composition.

Conclusions
Among patients with type 2 diabetes mellitus, a combination of aerobic and resistance
training compared with non-exercise control improved HbA1c levels; this was not achieved
by aerobic or resistance training alone.
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Figure 1. Participant Flow Chart
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Figure 2.
Monthly Hemoglobin A1c Levels Monthly mean hemoglobin A1c (HbA1c) levels, derived
from a mixed-linear model containing the covariates of age, sex, race/ethnicity, diabetes
duration, and baseline HbA1c, are presented for group with the intention-to-treat analysis
(n=262) and the per-protocol analysis (n = 215). For the intention-to-treat model, the group
(P=.01) and month (P< .001) effect were statistically significant. Error bars represent
standard errors.
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Table 4
Change in Fitness, Body Composition, and Strength Variablesa

Characteristics

Mean (95% Confidence Interval)a

Control Resistance Aerobic Combination

Intention-to-Treat Analysis (n = 262)

Peak V ̇O2, mL/kg per min −0.3 (−1.0 to 0.4) 0.0 (−0.5 to 0.6) 0.5 (0.01 to 1.0) 1.0 (0.5 to 1.5)g

Peak lean V̇O2, mL/kg muscle per min −0.3 (−1.4 to 0.8) −0.5 (−1.3 to 0.3) 0.7 (−0.2 to 1.5) 1.2 (0.4 to 2.0)g

Time on treadmill, minutes −0.6 (−1.4 to 0.1) 0.4 (−0.2 to 1.0)e 2.2 (1.6 to 2.7)g 2.4 (1.9 to 3.0)g

Speed/grade estimated MET −0.2 (−0.5 to 0.1) 0.2 (−0.01 to 0.3)e 0.8 (0.6 to 1.0)g 0.8 (0.6 to 1.0)g

Muscular work, N mb 89 (−48 to 226) 542 (441 to 644)d 115 (10 to 221) 273 (174 to 372)d

Muscular torque, n m/kg lean massb 0.04 (−.08 to 0.16) 0.18 (0.09 to 0.27)f −0.07 (−0.17 to 0.02) 0.15 (0.06 to 0.24)f

Body mass, kg 0.4 (−0.7 to 1.5) −0.3 (−1.1 to 0.5) −0.8 (−1.6 to 0.1) −1.5 (−2.3 to −0.7)g

Fat mass, kgc 0.1 (−0.7 to 1.0) −1.4 (−2.0 to −0.7)e −0.6 (−1.2 to −0.1) −1.7 (−2.3 to −1.1)e,f

Lean mass, kgc 0.1 (−0.5 to 0.8) 0.8 (0.4 to 1.3) −0.5 (−1.0 to 0.1)h 0.0 (−0.5 to 0.4)h

Waist circumference, cm 0.7 (−0.6 to 1.9)d −1.9 (−2.8 to −1.0) −1.5 (−2.5 to −0.6) −2.8 (−3.7 to −1.9)

Per-Protocol Analysis (n = 215)

Peak V ̇O2, mL/kg per min −0.3 (−1.0 to 0.4) 0.1 (−0.4 to 0.7) 0.6 (−0.1 to 1.2) 1.1 (0.6 to 1.7)g

Peak lean V̇O2, mL/kg muscle per min −0.3 (−1.4 to 0.8) −0.4 (−1.3 to 0.5) 0.7 (−0.3 to 1.6) 1.4 (0.5 to 2.3)g

Time on treadmill, minutes −0.6 (−1.4 to 0.2) 0.5 (−0.1 to 1.1)e 2.3 (1.6 to 3.0)g 2.5 (1.8 to 3.1)g

Speed/grade estimated MET −0.2 (−0.5 to 0.1) 0.3 (−0.5 to 0.1)e 0.9 (0.6 to 1.1)g 0.8 (0.5 to 1.0)g

Muscular work, N m 89 (−54 to 231) 585 (471 to 699)d 105 (−15 to 226) 280 (169 to 392)d

Muscular torque, N m/kg lean mass 0.04 (−.08 to 0.16) 0.21 (0.11 to 0.30)e,f −0.10 (−0.20 to 0.00) 0.14 (0.04 to 0.24)f

Body mass, kg 0.4 (−0.7 to 1.5) −0.2 (−1.1 to 0.7) −0.8 (−1.8 to 0.1) −1.6 (−2.4 to −0.7)g

Fat mass, kgc 0.1 (−0.7 to 1.0) −1.3 (−1.9 to −0.6)e −0.7 (−1.4 to 0.0) −1.8 (−2.5 to −1.1)e,f

Lean mass, kgc 0.1 (−0.5 to 0.7) 0.9 (0.4 to 1.3) −0.4 (−1.0 to 0.1)h 0.0 (−0.5 to 0.5)h

Waist circumference, cm 0.7 (−0.6 to 2.0)d −2.0 (−3.1 to −1.0) −1.6 (−2.7 to −0.4) −2.7 (−3.7 to −1.7)

Abbreviations: MET, metabolic equivalent task; N m, Newton-meters; V̇O2, volume of oxygen consumed.
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a
Values are expressed as fitted mean (95% CI) and all are adjusted for baseline value, age, sex, duration of diabetes and race/ethnicity with the

fitness variables also adjusted for maximum heart rate during exercise testing at baseline and follow-up.

b
Peak torque was determined as the best of 5 maximal repetitions and then divided by lean mass. Total work (N m) was determined as the total

work accomplished for 30 repetitions of maximal effort.

c
Due to equipment failure n = 253 for the Intention-to-Treat analysis and n = 209 for Per-Protocol analysis.

d
Significantly (P≤ .05) different from all other groups.

e
Significantly (P≤ .05) different from control group.

f
Significantly (P≤ .05) different from aerobic training group.

g
Significantly (P≤ .05) different from control group and resistance training group.

h
Significantly (P≤ .05) different from resistance training group.
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