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EMERGING TECHNOLOGIES AND THERAPEUTICS

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 absolute 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 included. 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% CI 20.5 to 20.01] and 20.26% [20.45 to 20.08];
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 to 20.62] and 20.75% [21.09 to 20.41]). No signiﬁcant
differences were observed in the degree of change of these metabolic 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 irrespective of improvement in cardiorespiratory ﬁtness.
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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 previously (2). Brieﬂy, the HART-D study
was a 9-month randomized, controlled
exercise-training trial comparing the effects of different modalities of exercise
training on HbA1c levels in sedentary participants 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, history of stroke, and advanced neuropathy or retinopathy or any serious
medical condition that prevented adherence to the study protocol or the

ability to exercise safely. Written informed consent was obtained from all
participants prior to screening. The
study protocol was reviewed and approved annually by the Pennington
Biomedical Research Center institutional review board. The University of
Texas Southwestern Medical Center institutional review board also approved
the present substudy.
The HART-D study recruited 262 participants who were randomized to one
of four groups: 1) a nonexercise control
group, 2) aerobic training only, 3) resistance training only, and 4) a combination of aerobic and resistance training.
The nonexercise control group was offered weekly stretching and relaxation
classes, and was asked to maintain their
baseline activity levels during the
9-month study period. All training sessions were performed under staff supervision in an exercise-training laboratory.
Exercise Intervention
Aerobic Training

Participants exercised 3–5 days/week at
an intensity of 50–80% of their maximum 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 extension, 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 complete 12 repetitions of a ﬁnal set of each
exercise on two consecutive sessions.
Combination Training

Participants had aerobic exercise training at a dose of 10 kcal/kg/body
wt/week and two sessions of resistance training per week, with each session consisting of one set of each of the
aforementioned nine exercises. The resistance training sessions used a similar progressive resistance program, as
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described above. The training regimen
for the combination training group was
consistent with federal physical activity
guidelines and ensured equal time commitment 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, Newton, KS) protocol, as previously described
(2). Participants self-selected a walking
pace at a level grade, and the grade increased by 2% every 2 min at a constant
treadmill speed until they reached volitional exhaustion. Breath-by-breath
respiratory gases were measured
using a TrueOne 2400 Metabolic Measurement Cart (Parvo Medics, Salt Lake
City, UT). The same treadmill speed was
used at the baseline and the end-ofstudy 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 educator using a ﬁnger-stick sample analyzed by an automated glycosylated
hemoglobin analyzer (DCA 2000; Bayer,
Dublin, Ireland). Both HbA1c assays are
certiﬁed under the National Glycohemoglobin Standardization Program. Weight
was measured on a GSE 450 electronic
scale, and height was measured with a
standard stadiometer. Waist circumference (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 medication 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 medication dosages.
Statistical Analysis

For the present analysis, we have included all control participants and all
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Higher levels of cardiorespiratory ﬁtness
are associated with improved long-term
cardiovascular outcomes among patients with type 2 diabetes mellitus
(T2DM) (1). Exercise training in patients
with T2DM has been shown to improve
cardiorespiratory ﬁtness, glycemic control, and other metabolic parameters
(2,3). However, the interrelationship between training-related changes in cardiorespiratory ﬁtness and improvement in
glycemic control and other metabolic parameters is not well understood. Previous
studies (4,5) have observed signiﬁcant
heterogeneity in the magnitude of change
in measures of cardiorespiratory ﬁtness in
response to exercise training. Recent analyses from the Dose Response to Exercise
Training in Women (DREW) trial (6)
showed that 30% of the study participants
had no improvement in cardiorespiratory ﬁtness after 6 months of supervised,
moderate-intensity exercise training. It is
unclear whether the metabolic beneﬁts of
exercise training are limited to those
patients who improve their cardiorespiratory ﬁtness. In this study, we examined the impact of exercise training
on hemoglobin A1c (HbA1c) levels and
other metabolic parameters among ﬁtness nonresponder and responder participants 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 improvements in glycemic control in ﬁtness
responders as well as nonresponders.
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BMI, change in ﬁtness, and change in
the percentage of body fat.
Concomitant reductions in hypoglycemic medication use and reductions in
HbA1c levels were assessed as an additional secondary outcome using a composite dichotomous outcome variable.
Individuals who decreased diabetes
medication or reduced HbA1c level by
$0.5% without increasing their use of
medications were deﬁned as successfully achieving the HbA 1c -diabetes
medication composite outcome. Multivariable 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, diabetes duration, baseline ﬁtness, baseline BMI, change in ﬁtness, and change
in the percentage of body fat. All statistical analyses were performed using

SAS for Windows (release 9.2; SAS Institute, 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. Followup HbA1c levels were missing in two control participants. We observed a signiﬁcant
heterogeneity in DVO2peak in response
to comparable doses of exercise training, with 43% of exercise-training participants experiencing no improvement
in ﬁtness after exercise training. Furthermore, only 36.6% of exercise-training participants had a clinically meaningful
ﬁtness response (DVO2peak $5%) with exercise training.
Baseline clinical and demographic characteristics are presented in Table 1. Fitness responders were younger and
had a greater proportion of combination

Figure 1—Patient selection for the current study. All control participants and exercisetraining 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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exercise-training participants who had
ﬁtness test data available at baseline
and follow-up, and had .70% adherence to exercise training. Cardiorespiratory ﬁtness response was assessed
as the change in measured VO 2peak
(DVO2peak, in liters per minute) from
baseline to follow-up. For the present
analysis, a $5% increase in VO 2peak
from baseline to follow-up was deﬁned
as a clinically meaningful cardiorespiratory
ﬁtness response (8,9), and the exercisetraining participants were categorized as
ﬁtness nonresponders (,5% increase in
VO 2peak ) or ﬁtness responders ($5%
increase in VO2peak). Baseline clinical,
demographic, and anthropometric
characteristics were compared among
the study groups (control, ﬁtness responders, and ﬁtness nonresponders) using 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 HbA 1c levels
from baseline to completion of training.
Changes in HbA1c levels, anthropometric measures, and exercise test parameters 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 exercise test parameters and anthropometric measures were available only at
baseline and trial completion. For participants with missing HbA1c data at the
9-month follow-up, the change in HbA1c
level was calculated based on the difference in ﬁnger-stick–measured HbA1c levels 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 participants to compare the changes in metabolic parameters with exercise training
between ﬁtness responder and nonresponder groups.
The association between continuous
changes in ﬁtness and change in HbA1c
levels from baseline to post-training
was further characterized using multivariable adjusted linear regression
analysis adjusted for age, sex, race/
ethnicity, baseline HbA1c level, diabetes duration, baseline ﬁtness, baseline
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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 adjusting for age, sex, race/ethnicity, diabetes
duration, and baseline HbA1c level, compared with the control group, mean
HbA1c levels measured over time were
signiﬁcantly lower for both the ﬁtness
responder group (P = 0.01) and the ﬁtness nonresponder group (P = 0.003).
However, there was no signiﬁcant difference between the ﬁtness responder
and ﬁtness nonresponder groups for
the trends in monthly mean HbA 1c
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 improvement in VO2peak, both ﬁtness responders and nonresponders experienced
signiﬁcant reductions in HbA1c level from

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

Variable
Age, years

Control
(n = 41)

Fitness
nonresponder
(n = 102)

Fitness
responder
(n = 59)

P value*
0.03

58.6 (8.3)

57.6 (7.7)

55.2 (8.1)

Men, %

31.7

41.2

33.9

0.40

African Americans, %

41.5

37.2

42.3

0.61

BMI, kg/m2
WC, cm

34.8 (6.2)
110.6 (14.4)

34.1 (5.6)
111.1 (12.8)

34.3 (5.9)
111.0 (13.1)

0.79
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
%
mmol/mol

7.7 (1.5)
61

7.2 (1.1)
55

7.2 (1.1)
55

VO2peak, L/min

1.79 (0.5)

1.89 (0.48)

1.88 (0.6)

Exercise groups, %
Aerobic
Resistance
Aerobic + resistance
Baseline RER (peak
exercise)

0.74

0.57
0.332

NA
NA
NA

34.3
36.2
29.4

27.1
32.2
40.7

1.14 (0.08)

1.15 (0.09)

1.13 (0.09)

Exercise SBPpeak, mmHg

192 (26)

194 (29)

194 (21)

0.19
0.76

Diabetes duration, years
Insulin use, %

7.2 (5.2)
17.1

7.3 (5.8)
18.6

7.6 (6.2)
15.2

0.91
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.

baseline to ﬁnal assessment (ﬁtness responders DHbA1c 20.26% [95% CI 20.5
to 20.01], ﬁtness nonresponders
DHbA 1c 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 responders (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 anthropometric measures with exercise training
was not signiﬁcantly different among ﬁtness 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 participants (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 predictors of change in HbA1c level (Table
4). Change in ﬁtness was not a signiﬁcant 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 either decreasing glucose-lowering medication or reducing HbA1c level by $0.5%
without increasing the use of medications was numerically greater in the
exercise-training groups compared
with the control group (36% vs. 20.5%;
P = 0.08). In multivariable adjusted logistic regression analysis, exercise training 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 participants 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 ﬁndings. First, a substantial proportion of
participants with T2DM have no signiﬁcant improvement in cardiorespiratory

Downloaded from http://diabetesjournals.org/care/article-pdf/38/8/1494/624944/dc142378.pdf by guest on 16 August 2022

training than ﬁtness nonresponders. The
proportion of ﬁtness responders was similar in the aerobic training–only (31.3%)
and resistance training–only (33.9%)
groups.
Changes in selected exercise test parameters 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 caloric intake from baseline to follow-up was
not signiﬁcantly different among the control, ﬁtness responder, and ﬁtness nonresponder 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
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Table 2—Change in selected exercise test parameters from baseline to post
training among exercise-training participants
Fitness nonresponder
Fitness responder
Variable
(n = 102)
(n = 59)
P value*
DVO2peak, L/min

20.07 (20.1 to 0.04)

0.24 (0.20–0.28)

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

24.7 (27.8 to 21.6)
20.9 (26.9 to 7.5)

5.1 (1.0–9.1)
11 (5.3–16.7)

0.0002
0.02

D% Predicted heart rate reserve†
DExercise SBPpeak, mmHg

,0.001

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. SBPpeak, peak systolic blood
pressure. *Fitness responder vs. nonresponder. †% Predicted heart rate reserve = [(peak exercise
heart rate 2 resting heart rate)/(estimated maximum heart rate 2 resting heart rate)] 3 100% where
estimated maximum heart rate = 220 2 age (years).

recommended by the National Institutes of Health (10–12 kcal/kg/week)
(10). The high ﬁtness nonresponse rate
observed among the exercise-training
participants could be related to multiple factors. Patients with diabetes have
increased prevalence of chronotropic
incompetence, left ventricular hypertrophy, 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 improvement in cardiorespiratory ﬁtness with
exercise training.
Our study ﬁndings have important
clinical implications for exercise counseling provided to sedentary middleaged adults with T2DM. The current

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 in monthly mean 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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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, exercise training–related improvement in
glycemic control among ﬁtness nonresponders is associated with a signiﬁcant
reduction in central obesity and percentage of body fat. Taken together,
these ﬁndings suggest that exercise
training improves metabolic parameters in patients with T2DM independent of changes in cardiorespiratory
ﬁtness.
The prevalence of ﬁtness nonresponse 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

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 improve cardiorespiratory ﬁtness. However, 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 parameters are observed among exercisetraining participants independent of
their change in cardiorespiratory ﬁtness. This highlights the importance of
sustained exercise training even in
individuals who do not demonstrate
improvement in measures of cardiorespiratory ﬁtness. Furthermore, this
study suggests that exercise-training
programs should target and assess for
improvement in metabolic parameters
such as glycemic control, WC, and percentage of body fat among individuals
with T2DM.
Response to exercise training has
been traditionally expressed in terms
of improvement in cardiorespiratory ﬁtness (4,16,17). However, physiological
adaptation to exercise training is a complex and heterogeneous process affecting multiple organ systems (18).
Favorable effects of exercise on cardiac
output and peripheral oxygen use mediate training-related improvement in
cardiorespiratory ﬁtness (19,20). Nonresponsiveness of cardiorespiratory ﬁtness represents a failure of just one
potential adaptation to exercise training.
It is plausible that ﬁtness-nonresponsive
participants undergo favorable adaptations in other physiological pathways independent of ﬁtness change. Small
longitudinal studies (21,22) from the
1980s reported a lack of association between the magnitude of improvement in
VO2peak and aerobic performance among
recreationally active participants who
underwent short-term endurance training. 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 disorders. The current study provides further
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evidence in support of this notion
among participants with T2DM, and
shows that ﬁtness nonresponders
have signiﬁcant improvement in metabolic parameters such as HbA 1c level
and adiposity, changes that are not signiﬁcantly different from those in ﬁtness
responders. Thus, lack of improvement
in one speciﬁc phenotype, speciﬁcally
in VO2peak, does not negate other potential beneﬁts of exercise and highlights the importance of assessing
training response in a broader clinical
context.
Recent studies (24–26) have identiﬁed ﬁtness improvement in response
to exercise training as a signiﬁcant predictor 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 levels, others have failed to observe this
association. Brennan et al. (27) evaluated the association between changes
in VO2peak and insulin sensitivity among
60 participants with T2DM who underwent aerobic training for 3–4 months,

Table 3—Changes in metabolic parameters from baseline to follow-up among ﬁtness responders and nonresponders with and
without resistance training participants
Sensitivity analysis (excluding resistance-training group)
Variable

Responders
(N = 40)

Nonresponders
(N = 65)

Primary analysis (all exercise-training groups)
Responders
(N = 59)

Nonresponders
(N = 102)

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)

DVO2peak, L/min

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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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.

and reported that exercise-induced
changes in VO 2peak 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 signiﬁcant predictor of HbA1c change in
response to exercise training. This discrepancy 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 per minute) was used as the measure 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 signiﬁcant reduction in body weight with exercise training was observed by Larose
et al. (28), and, as the unit of indexation,
inﬂuenced the estimated VO2peak independent of changes in absolute VO2 (in
liters per minute) not scaled to weight. In
that study, weight changes were signiﬁcantly associated with improvement in
VO2peak scaled to body mass as well as
with HbA1c, and could explain the observed association between changes in
ﬁtness (oxygen uptake scaled to body
mass) and glycemic control. Furthermore, 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 contributed toward the discrepant study
ﬁndings.
The lack of association between
change in cardiorespiratory ﬁtness and
improvement in glycemic control is
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Table 4—Predictors of change in HbA1c among the study participants
Participant characteristics

Standardized estimate

P value

Baseline HbA1c

20.43

,0.001

Exercise training (Y/N)

20.42

0.03

0.08

0.04

D% Body fat

Model was adjusted for age, sex, race/ethnicity, baseline HbA1c level, diabetes duration, lean
body mass, baseline VO2peak, baseline BMI, DVO2peak, medication change, exercise training, and
change in percentage of body fat. N, no; Y, yes.

improvement in ﬁtness in these sedentary patients with T2DM could be different. However, we observed similar
results using a more lenient deﬁnition
for ﬁtness improvement (change in
VO 2peak .0 L/min, data not shown).
Furthermore, we did not observe any association 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 associated with signiﬁcant improvement
in glycemic control and measures of
adiposity among participants with
T2DM independent of their change in
cardiorespiratory ﬁtness. Further studies are needed to conﬁrm the mechanisms by which training improves
metabolic parameters among ﬁtness
nonresponders.
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