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OBJECTIVE

To evaluate the impact of exercise training (ET) on metabolic parameters among
participants with type 2 diabetes mellitus (T2DM) who do not improve their
cardiorespiratory fitness (CRF) with training.

RESEARCH DESIGN AND METHODS

We studied participants with T2DM participating in the Health Benefits of Aerobic
and Resistance Training in Individuals With Type 2 Diabetes (HART-D) trial who
were randomized to a control group or one of three supervised ET groups for 9
months. Fitness response to ET was defined as a change in measured peak abso-
lute oxygen uptake (DVO2peak, in liters per minute) from baseline to follow-up. ET
participants were classified based on DVO2peak into fitness responders (DVO2peak

‡5%) and nonresponders (DVO2peak <5%), and changes in metabolic profiles were
compared across control, fitness responder, and fitness nonresponder groups.

RESULTS

A total of 202 participants (mean age 57.1 6 7.9 years, 63% women) were in-
cluded. Among the exercise groups (n = 161), there was substantial heterogeneity
in DVO2peak; 57% had some improvement in CRF (DVO2peak >0), with only 36.6%
having a ‡5% increase in VO2peak. Both fitness responders and nonresponders
(respectively) had significant improvements in hemoglobin A1c and measures of
adiposity (DHbA1c:20.26% [95% CI20.5 to20.01] and20.26% [20.45 to20.08];
Dwaist circumference: 22.6 cm [23.7 to 21.5] and 21.8 cm [22.6 to 21.0];
Dbody fat:21.07% [21.5 to20.62] and20.75% [21.09 to20.41]). No significant
differences were observed in the degree of change of thesemetabolic parameters
between fitness responders and nonresponders. Control group participants had
no significant changes in any of these metabolic parameters.

CONCLUSIONS

ET is associated with significant improvements in metabolic parameters irrespec-
tive of improvement in cardiorespiratory fitness.
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Higher levels of cardiorespiratory fitness
are associated with improved long-term
cardiovascular outcomes among pa-
tients with type 2 diabetes mellitus
(T2DM) (1). Exercise training in patients
with T2DM has been shown to improve
cardiorespiratory fitness, glycemic con-
trol, and other metabolic parameters
(2,3). However, the interrelationship be-
tween training-related changes in cardio-
respiratory fitness and improvement in
glycemic control and other metabolic pa-
rameters is not well understood. Previous
studies (4,5) have observed significant
heterogeneity in themagnitude of change
in measures of cardiorespiratory fitness in
response to exercise training. Recent ana-
lyses from the Dose Response to Exercise
Training in Women (DREW) trial (6)
showed that 30%of the study participants
had no improvement in cardiorespira-
tory fitness after 6 months of supervised,
moderate-intensity exercise training. It is
unclear whether themetabolic benefits of
exercise training are limited to those
patients who improve their cardiore-
spiratory fitness. In this study, we ex-
amined the impact of exercise training
on hemoglobin A1c (HbA1c) levels and
other metabolic parameters among fit-
ness nonresponder and responder partic-
ipants in the Health Benefits of Aerobic
and Resistance Training in Individuals
With Type 2 Diabetes (HART-D) study.
We hypothesized that exercise training
would be associated with significant im-
provements in glycemic control in fitness
responders as well as nonresponders.

RESEARCH DESIGN AND METHODS

Study Design and Participants
The current study was performed as a
secondary analysis of the HART-D trial.
The full design and methodology of the
HART-D study has been published pre-
viously (2). Briefly, the HART-D study
was a 9-month randomized, controlled
exercise-training trial comparing the ef-
fects of different modalities of exercise
training on HbA1c levels in sedentary par-
ticipants with T2DM. Exclusion criteria
for the study included a BMI .48 kg/m2,
age ,30 or .75 years, blood pressure
$160/100 mmHg, fasting triglyceride
levels $500 mg/dL, use of insulin pump,
urine protein levels .100 mg/dL, his-
tory of stroke, and advanced neuropa-
thy or retinopathy or any serious
medical condition that prevented ad-
herence to the study protocol or the

ability to exercise safely. Written in-
formed consent was obtained from all
participants prior to screening. The
study protocol was reviewed and ap-
proved annually by the Pennington
Biomedical Research Center institu-
tional review board. The University of
Texas Southwestern Medical Center in-
stitutional review board also approved
the present substudy.

The HART-D study recruited 262 par-
ticipants who were randomized to one
of four groups: 1) a nonexercise control
group, 2) aerobic training only, 3) resis-
tance training only, and 4) a combina-
tion of aerobic and resistance training.
The nonexercise control group was of-
fered weekly stretching and relaxation
classes, and was asked to maintain their
baseline activity levels during the
9-month study period. All training ses-
sions were performed under staff super-
vision in an exercise-training laboratory.

Exercise Intervention

Aerobic Training

Participants exercised 3–5 days/week at
an intensity of 50–80% of their maxi-
mum cardiorespiratory fitness for a total
dose of 12 kcal/kg/week. The caloric
dose was adjusted on a weekly basis
based on the changes in body weight.
American College of Sports Medicine
equations were used to estimate caloric
expenditure rates and, therefore, the
time required per session (7).

Resistance Training

Participants exercised 3 days/week,
with each session consisting of two
sets of four upper-body exercises (chest
press, lateral pull-down, military press,
and seated row), three sets of three
lower-body exercises (leg press, leg ex-
tension, and hamstring curl), and two
sets of abdominal and back exercises.
Each set consisted of 10–12 repetitions.
The prescribed weight was increased
when the participant was able to com-
plete 12 repetitions of a final set of each
exercise on two consecutive sessions.

Combination Training

Participants had aerobic exercise train-
ing at a dose of 10 kcal/kg/body
wt/week and two sessions of resis-
tance training per week, with each ses-
sion consisting of one set of each of the
aforementioned nine exercises. The re-
sistance training sessions used a simi-
lar progressive resistance program, as

described above. The training regimen
for the combination training group was
consistent with federal physical activity
guidelines and ensured equal time com-
mitment among all exercise groups.

Exercise Testing
Among the HART-D study participants,
cardiorespiratory fitness was measured
as peak absolute oxygen uptake (VO2peak,
in liters per minute) at baseline and at
study completion using a treadmill test
(TMX425; Trackmaster Treadmills, New-
ton, KS) protocol, as previously described
(2). Participants self-selected a walking
pace at a level grade, and the grade in-
creased by 2% every 2 min at a constant
treadmill speed until they reached vo-
litional exhaustion. Breath-by-breath
respiratory gases were measured
using a TrueOne 2400 Metabolic Mea-
surement Cart (Parvo Medics, Salt Lake
City, UT). The same treadmill speed was
used at the baseline and the end-of-
study testing.

Outcome Assessment
Baseline and post-training blood testing
was performed after at least a 10-h fast.
HbA1c level was analyzed with a UniCel
DxC 600 Pro (Beckman Coulter, Brea,
CA). HbA1c level was also assessed at
the monthly visits with the diabetes ed-
ucator using a finger-stick sample ana-
lyzed by an automated glycosylated
hemoglobin analyzer (DCA 2000; Bayer,
Dublin, Ireland). Both HbA1c assays are
certified under the National Glycohemo-
globin Standardization Program. Weight
was measured on a GSE 450 electronic
scale, and height was measured with a
standard stadiometer. Waist circumfer-
ence (WC) was measured to the nearest
0.1 cm just above the iliac crest while
the subject was at minimal expiration.
Body composition was measured by
dual-energy X-ray absorptiometry with
a QDR 4500/A whole-body scanner
(Hologic, Bedford, MA). Diabetes medi-
cation type and dosage were assessed
by detailed questionnaire with visual
confirmation of prescription bottles.
Participants were categorized as having
increased use of, decreased use of, or no
change in use of diabetes medications
based on baseline and follow-up medi-
cation dosages.

Statistical Analysis
For the present analysis, we have in-
cluded all control participants and all
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exercise-training participants who had
fitness test data available at baseline
and follow-up, and had .70% adher-
ence to exercise training. Cardiorespira-
tory fitness response was assessed
as the change in measured VO2peak

(DVO2peak, in liters per minute) from
baseline to follow-up. For the present
analysis, a $5% increase in VO2peak

from baseline to follow-up was defined
as a clinicallymeaningful cardiorespiratory
fitness response (8,9), and the exercise-
training participants were categorized as
fitness nonresponders (,5% increase in
VO2peak) or fitness responders ($5%
increase in VO2peak). Baseline clinical,
demographic, and anthropometric
characteristics were compared among
the study groups (control, fitness re-
sponders, and fitness nonresponders) us-
ing the Wilcoxon rank-sum trend test for
all continuous variables and the x2 trend
test for categorical variables.
The primary outcome for the present

analyses was change in HbA1c levels
from baseline to completion of training.
Changes in HbA1c levels, anthropomet-
ric measures, and exercise test parame-
ters were assessed among the study
groups using linear mixed-effect models
for repeated measures over time. The
models were adjusted for baseline values,
age, sex, race/ethnicity, and duration of
diabetes. For HbA1c measurements,
monthly data were available, whereas ex-
ercise test parameters and anthropomet-
ric measures were available only at
baseline and trial completion. For par-
ticipants with missing HbA1c data at the
9-month follow-up, the change in HbA1c
level was calculated based on the differ-
ence in finger-stick–measured HbA1c lev-
els at baseline and at the last recorded
monthly visit. Results are presented as
least squares–adjusted means with 95%
CIs. Sensitivity analyses were performed
among exercise-training participants after
excluding resistance training–only partici-
pants to compare the changes in meta-
bolic parameters with exercise training
between fitness responder and nonre-
sponder groups.
The association between continuous

changes in fitness and change in HbA1c

levels from baseline to post-training
was further characterized using multi-
variable adjusted linear regression
analysis adjusted for age, sex, race/
ethnicity, baseline HbA1c level, diabe-
tes duration, baseline fitness, baseline

BMI, change in fitness, and change in
the percentage of body fat.

Concomitant reductions in hypogly-
cemic medication use and reductions in
HbA1c levels were assessed as an addi-
tional secondary outcome using a com-
posite dichotomous outcome variable.
Individuals who decreased diabetes
medication or reduced HbA1c level by
$0.5% without increasing their use of
medications were defined as success-
fully achieving the HbA1c-diabetes
medication composite outcome. Multi-
variable adjusted logistic regression
analysis models were constructed to
determine the likelihood of achieving
the composite secondary outcome in
the study participants with exercise
training after adjustment for age, sex,
race/ethnicity, baseline HbA1c level, di-
abetes duration, baseline fitness, base-
line BMI, change in fitness, and change
in the percentage of body fat. All sta-
tistical analyses were performed using

SAS for Windows (release 9.2; SAS In-
stitute, Inc., Cary, NC).

RESULTS

A total of 202 participants (mean age
57.1 6 7.9 years, women 62.9%) were
included (Fig. 1). All exercise-training
participants had baseline and 9-month
follow-up HbA1c levels available. Follow-
up HbA1c levels were missing in two con-
trol participants.Weobserved a significant
heterogeneity in DVO2peak in response
to comparable doses of exercise train-
ing, with 43% of exercise-training par-
ticipants experiencing no improvement
in fitness after exercise training. Further-
more, only 36.6%of exercise-training par-
ticipants had a clinically meaningful
fitness response (DVO2peak$5%)with ex-
ercise training.

Baseline clinical and demographic char-
acteristics are presented in Table 1. Fit-
ness responders were younger and
had a greater proportion of combination

Figure 1—Patient selection for the current study. All control participants and exercise-
training participants with available baseline and follow-up peak oxygen uptake (in liters
per minute) data and.70% adherence to exercise prescription were included in the current
study.
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training than fitness nonresponders. The
proportion of fitness responders was sim-
ilar in the aerobic training–only (31.3%)
and resistance training–only (33.9%)
groups.
Changes in selected exercise test pa-

rameters from baseline to the end of the
trial among the fitness responders and
nonresponders are compared in Table 2.
Fitness responders had a significantly
greater increase in exercise time, peak
exercise heart rate, peak exercise blood
pressure, and maximum exercise heart
rate reserve than fitness nonresponders.
These findings validate the criteria for a
clinically meaningful fitness response
($5% increase in VO2peak) that was used
in the current study. Change in total calo-
ric intake from baseline to follow-up was
not significantly different among the con-
trol, fitness responder, and fitness non-
responder groups (median change in
total daily caloric intake: control group
2135.1 kcal, range 2376.4 to 235.2
kcal; fitness responder group 2149.2
kcal, range 2564.5 to 82.4 kcal); fitness

nonresponder group 2134.4 kcal, range
2330.1 to 107 kcal; P = 0.44).

Figure 2 depicts the monthly mean
HbA1c levels across the control, fitness
responder, and fitness nonresponder
groups. In multivariable models adjust-
ing for age, sex, race/ethnicity, diabetes
duration, and baseline HbA1c level, com-
pared with the control group, mean
HbA1c levels measured over time were
significantly lower for both the fitness
responder group (P = 0.01) and the fit-
ness nonresponder group (P = 0.003).
However, there was no significant dif-
ference between the fitness responder
and fitness nonresponder groups for
the trends in monthly mean HbA1c

levels (P = 0.25).
Changes in VO2peak, HbA1c levels, and

anthropometric measures from baseline
to the end of the trial within the study
groups are shown in Fig. 3. While only
fitness responders had a significant im-
provement in VO2peak, both fitness re-
sponders and nonresponders experienced
significant reductions in HbA1c level from

baseline to final assessment (fitness re-
sponders DHbA1c 20.26% [95% CI 20.5
to 20.01], fitness nonresponders
DHbA1c 20.26% [95% CI 20.45 to
20.08]). Similarly, anthropometric
measures such as WC and percentage
of body fat improved significantly with
exercise training among fitness respond-
ers (DWC 22.6 cm [95% CI 23.7 to
21.5], Dbody fat 21.07% [95% CI 21.5
to 20.62]) as well as nonresponders
(DWC 21.8 cm [95% CI 22.6 to 21.0],
Dbody fat 20.75% [95% CI 21.09 to
20.41]). Furthermore, the absolute
change in HbA1c levels and anthropo-
metric measures with exercise training
was not significantly different among fit-
ness responders versus nonresponders.
Similar improvements in HbA1c levels,
WC, and percentage of body fat were
observed among fitness responders
and nonresponders from baseline to
follow-up on sensitivity analyses after
excluding resistance training–only par-
ticipants (Table 3).

In adjusted linear regression analyses,
exercise training, baseline HbA1c level,
and change in the percentage of body
fat were identified to be significant pre-
dictors of change in HbA1c level (Table
4). Change in fitness was not a signifi-
cant determinant of change in HbA1c
level in adjusted analysis (standardized
b-estimate = 20.13, P = 0.69).

The proportion of individuals who
achieved the composite outcome of ei-
ther decreasing glucose-lowering medi-
cation or reducing HbA1c level by$0.5%
without increasing the use of medica-
tions was numerically greater in the
exercise-training groups compared
with the control group (36% vs. 20.5%;
P = 0.08). In multivariable adjusted lo-
gistic regression analysis, exercise train-
ing was associated with significantly
greater odds of achieving the composite
glycemic outcome (odds ratio 3.0 [95%
CI 1.04–9.2]). Among exercise-training
participants, the proportion of par-
ticipants who achieved the diabetes
medication-HbA1c composite outcome
was not significantly different between
fitness nonresponders and responders
(33% vs. 41%, P = 0.4).

CONCLUSIONS

We observed several important find-
ings. First, a substantial proportion of
participants with T2DM have no signifi-
cant improvement in cardiorespiratory

Table 1—Comparison of baseline characteristics of participants across the study
groups defined by cardiorespiratory fitness response to exercise intervention

Variable
Control
(n = 41)

Fitness
nonresponder

(n = 102)

Fitness
responder
(n = 59) P value*

Age, years 58.6 (8.3) 57.6 (7.7) 55.2 (8.1) 0.03

Men, % 31.7 41.2 33.9 0.40

African Americans, % 41.5 37.2 42.3 0.61

BMI, kg/m2 34.8 (6.2) 34.1 (5.6) 34.3 (5.9) 0.79

WC, cm 110.6 (14.4) 111.1 (12.8) 111.0 (13.1) 0.89

Body fat, % 38.5 (7.0) 37.1 (7.7) 37.9 (7.0) 0.45

Systolic BP, mmHg 127 (14) 127 (13) 125 (13) 0.35

Diastolic BP, mmHg 76 (8) 74 (8) 75 (9) 0.76

Resting HR, bpm 84 (13) 81 (15) 84 (12) 0.31

HbA1c 0.74
% 7.7 (1.5) 7.2 (1.1) 7.2 (1.1)
mmol/mol 61 55 55

VO2peak, L/min 1.79 (0.5) 1.89 (0.48) 1.88 (0.6) 0.57

Exercise groups, % 0.332
Aerobic NA 34.3 27.1
Resistance NA 36.2 32.2
Aerobic + resistance NA 29.4 40.7

Baseline RER (peak
exercise) 1.14 (0.08) 1.15 (0.09) 1.13 (0.09) 0.19

Exercise SBPpeak, mmHg 192 (26) 194 (29) 194 (21) 0.76

Diabetes duration, years 7.2 (5.2) 7.3 (5.8) 7.6 (6.2) 0.91

Insulin use, % 17.1 18.6 15.2 0.67

Data are presented as mean (SD), except as noted. BP, blood pressure; HR, heart rate; NA, not
applicable; RER, respiratory exchange ratio; SBPpeak, peak systolic blood pressure. *Fitness
responder vs. nonresponder.
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fitness in response to exercise training.
Second, exercise training is associated
with significant improvement in glycemic
control among both fitness responders
and fitness nonresponders. Third, exer-
cise training–related improvement in
glycemic control among fitness nonres-
ponders is associated with a significant
reduction in central obesity and per-
centage of body fat. Taken together,
these findings suggest that exercise
training improves metabolic parame-
ters in patients with T2DM indepen-
dent of changes in cardiorespiratory
fitness.
The prevalence of fitness nonre-

sponse among T2DM patients observed
in the current study is greater than that
previously reported among healthy
adults (6). This is particularly significant
since the dose of exercise used in the
current study was similar to that

recommended by the National Insti-
tutes of Health (10–12 kcal/kg/week)
(10). The high fitness nonresponse rate
observed among the exercise-training
participants could be related to multi-
ple factors. Patients with diabetes have
increased prevalence of chronotropic
incompetence, left ventricular hyper-
trophy, and adverse remodeling, all of
which are associated with a greater risk
for fitness nonresponse (11,12). Also,
previous studies (13,14) have shown
that patients with diabetes have slowed
muscle perfusion kinetics and slowed
oxidative phosphorylation that could
lead to a relatively blunted improve-
ment in cardiorespiratory fitness with
exercise training.

Our study findings have important
clinical implications for exercise coun-
seling provided to sedentary middle-
aged adults with T2DM. The current

public health recommendations (10)
suggest that such individuals should
accumulate a minimum of 30 min of
moderate-intensity physical activity on
most days of a week with a goal to im-
prove cardiorespiratory fitness. How-
ever, it may not be feasible to achieve
this target in a significant proportion of
patients with coexisting conditions such
as obesity, older age, and cardiovascular
disease (15). The current study suggests
that improvements in metabolic param-
eters are observed among exercise-
training participants independent of
their change in cardiorespiratory fit-
ness. This highlights the importance of
sustained exercise training even in
individuals who do not demonstrate
improvement in measures of cardio-
respiratory fitness. Furthermore, this
study suggests that exercise-training
programs should target and assess for
improvement in metabolic parameters
such as glycemic control, WC, and per-
centage of body fat among individuals
with T2DM.

Response to exercise training has
been traditionally expressed in terms
of improvement in cardiorespiratory fit-
ness (4,16,17). However, physiological
adaptation to exercise training is a com-
plex and heterogeneous process af-
fecting multiple organ systems (18).
Favorable effects of exercise on cardiac
output and peripheral oxygen use me-
diate training-related improvement in
cardiorespiratory fitness (19,20). Non-
responsiveness of cardiorespiratory fit-
ness represents a failure of just one
potential adaptation to exercise training.
It is plausible that fitness-nonresponsive
participants undergo favorable adapta-
tions in other physiological pathways in-
dependent of fitness change. Small
longitudinal studies (21,22) from the
1980s reported a lack of association be-
tween the magnitude of improvement in
VO2peak and aerobic performance among
recreationally active participants who
underwent short-term endurance train-
ing. More recently, Vollaard et al.
(23) showed significant adaptations
associated with metabolic control and
aerobic performance even among
exercise-training participants who had
minimal improvements in VO2peak after
training (low responders). However,
these prior studies assessed participants
without T2DM or other metabolic disor-
ders. The current study provides further

Table 2—Change in selected exercise test parameters from baseline to post
training among exercise-training participants

Variable
Fitness nonresponder

(n = 102)
Fitness responder

(n = 59) P value*

DVO2peak, L/min 20.07 (20.1 to 0.04) 0.24 (0.20–0.28) ,0.001

DHeart ratepeak, bpm 24.8 (27.2 to 22.4) 3.3 (0.2–6.5) ,0.001

DExercise time, min 0.86 (0.39 to 1.33) 3.2 (2.57–3.80) ,0.001

D% Predicted heart rate reserve† 24.7 (27.8 to 21.6) 5.1 (1.0–9.1) 0.0002

DExercise SBPpeak, mmHg 20.9 (26.9 to 7.5) 11 (5.3–16.7) 0.02

Values are expressed as fittedmean (95% CI) derived from linearmixedmodels that are adjusted
for baseline value, age, sex, duration of diabetes, and race/ethnicity. SBPpeak, peak systolic blood
pressure. *Fitness responder vs. nonresponder. †%Predicted heart rate reserve = [(peak exercise
heart rate2 resting heart rate)/(estimatedmaximumheart rate2 resting heart rate)]3 100%where
estimated maximum heart rate = 2202 age (years).

Figure 2—Monthly mean HbA1c levels across the study groups. The data are represented as
fitted means derived from a linear mixed model that included the covariables age, sex, race/
ethnicity, diabetes duration, and baseline HbA1c level. The error bars represent SEs. The group
effect was significant for comparison of trends inmonthlymean HbA1c levels between control vs.
responder (P = 0.014), as well as control vs. nonresponder groups (P = 0.0026), but not for
responder vs. nonresponder (P = 0.254).
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evidence in support of this notion
among participants with T2DM, and
shows that fitness nonresponders
have significant improvement in meta-
bolic parameters such as HbA1c level
and adiposity, changes that are not sig-
nificantly different from those in fitness
responders. Thus, lack of improvement
in one specific phenotype, specifically
in VO2peak, does not negate other po-
tential benefits of exercise and high-
lights the importance of assessing
training response in a broader clinical
context.
Recent studies (24–26) have identi-

fied fitness improvement in response
to exercise training as a significant pre-
dictor of improvement in glycemic

control among participants with T2DM.
However, these studies used estimated
METs, derived from the maximal speed
and grade reached during a treadmill
test, as a measure of fitness. The impact
of changes in VO2peak, the gold standard
measure of cardiorespiratory fitness, on
metabolic outcomes in exercise-training
trials is not well understood. While
some studies (24,27,28) have identified
an increase in VO2peak as a significant
predictor of improvement in HbA1c lev-
els, others have failed to observe this
association. Brennan et al. (27) evalu-
ated the association between changes
in VO2peak and insulin sensitivity among
60 participants with T2DM who under-
went aerobic training for 3–4 months,

and reported that exercise-induced
changes in VO2peak do not mediate
changes in insulin sensitivity. In the
current study, we have confirmed this
lack of association between changes in
VO2peak and improvement in HbA1c in a
much larger study population with a
significantly longer duration of exercise
training. In contrast, Larose et al. (28)
showed that change in VO2peak was a sig-
nificant predictor of HbA1c change in
response to exercise training. This dis-
crepancy between the study findings
could be due to the different parameters
used as a measure of fitness change in
the two studies. While change in VO2peak

(in liters perminute) was used as themea-
sure of change in fitness in the current
study, Larose et al. (28) used the change
in oxygen uptake scaled to body mass (in
liters per kilogram per minute) as the
measure of change in fitness. A signifi-
cant reduction in body weight with exer-
cise training was observed by Larose
et al. (28), and, as the unit of indexation,
influenced the estimated VO2peak inde-
pendent of changes in absolute VO2 (in
liters perminute) not scaled toweight. In
that study, weight changes were signifi-
cantly associated with improvement in
VO2peak scaled to body mass as well as
with HbA1c, and could explain the ob-
served association between changes in
fitness (oxygen uptake scaled to body
mass) and glycemic control. Further-
more, there were significant differences
in the analytical approach (per group in
Larose et al. [28] vs. combined in HART-D)
and dose of exercise training (lower dose
of training in the HART-D study) used in
the two studies that could also have con-
tributed toward the discrepant study
findings.

The lack of association between
change in cardiorespiratory fitness and
improvement in glycemic control is

Figure 3—Comparisons of change in VO2peak, HbA1c level, and anthropometric measures from
baseline to trial completion among control, fitness responder, and fitness nonresponder groups.
The values are expressed as fitted means, and all are adjusted for baseline value, age, sex,
duration of diabetes, and race/ethnicity. *P , 0.05 for change from baseline to end of trial
within a particular study group. Circum., circumference.

Table 3—Changes in metabolic parameters from baseline to follow-up among fitness responders and nonresponders with and
without resistance training participants

Variable

Sensitivity analysis (excluding resistance-training group) Primary analysis (all exercise-training groups)

Responders
(N = 40)

Nonresponders
(N = 65)

Responders
(N = 59)

Nonresponders
(N = 102)

DVO2peak, L/min 0.26 (0.21–0.30) 20.06 (20.10 to 20.03) 0.24 (0.20–0.28) 20.07 (20.1 to –0.04)

DHbA1c,% 20.30 (20.63 to 0.01) 20.29 (20.54 to 20.01) 20.26 (20.5 to 20.01) 20.26 (20.45 to 20.08)

DWC, cm 22.39 (23.64 to 21.13) 22.05 (23.03 to 21.07) 22.6 (23.7 to 21.5) 21.8 (22.6 to 21.0)

D% Body fat 20.85 (21.4 to 20.29) 20.69 (21.12 to 20.25) 21.07 (21.5 to 20.62) 20.75 (21.09 to 20.41)

Values are expressed as fitted mean (95% CI) derived from linear mixed models that are adjusted for baseline value, age, sex, duration of diabetes,
and race/ethnicity.
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likely due to differences in the underly-
ing adaptive mechanisms that result
from exercise training. Improvement in
cardiorespiratory fitness in response to
exercise training is associated with central
cardiovascular adaptations, physiological
cardiac remodeling, and improvement in
stroke volume (20,29,30). In contrast,
training-associated changes in glycemic
control are more related to improvement
in insulin sensitivity secondary to periph-
eral adaptations in the adipose and skele-
tal muscle tissue (31,32). Previous studies
(26,33,34) have identified changes in
measures of central adiposity as signifi-
cant predictors of improvement in HbA1c
and glycemic control. Similarly, the pres-
ent observations suggest that reduction
in the percentage of body fat is associ-
ated with significant improvement in
HbA1c, though whether it is causal or
even contributory remains unclear.
Supporting a contributory role, it is no-
table that the magnitude of reduction in
WC and the percentage of body fat with
training was similar among fitness re-
sponders and nonresponders, which
were associated in both groups with de-
monstrable improvements in glucose
metrics.
Our study has important limitations.

First, the participants of the HART-D
study had relatively well-controlled di-
abetes with an average HbA1c level of
7.6. It is possible that among individuals
with worse glycemic control, fitness re-
sponders may have a greater improve-
ment in HbA1c level with exercise
training compared with nonresponders.
Second, we do not have a standardmea-
sure of insulin resistance that could
have helped us to better understand
the mechanism of improvement in gly-
cemic control among fitness nonre-
sponders. Third, we used a cutoff of
$5% change in VO2peak as a clinically
meaningful fitness response based on
previous studies and consensus in the
literature. The threshold for meaningful

improvement in fitness in these seden-
tary patients with T2DM could be differ-
ent. However, we observed similar
results using a more lenient definition
for fitness improvement (change in
VO2peak .0 L/min, data not shown).
Furthermore, we did not observe any as-
sociation between continuous change in
fitness and change in HbA1c level in linear
regression analysis, suggesting that our
observations are insensitive to the
threshold of fitness response. Finally, a
food frequency questionnaire was used
at baseline and follow-up to assess
changes in diet, which limits our ability
to identify changes in caloric intake and
diet composition.

In conclusion, exercise training is as-
sociated with significant improvement
in glycemic control and measures of
adiposity among participants with
T2DM independent of their change in
cardiorespiratory fitness. Further stud-
ies are needed to confirm the mecha-
nisms by which training improves
metabolic parameters among fitness
nonresponders.
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