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Rosiglitazone Improves Exercise Capacity
in Individuals With Type 2 Diabetes
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OBJECTIVE — Although exercise is recommended as a cornerstone of treatment for type 2
diabetes, it is often poorly adopted by patients. We have noted that even in the absence of
apparent cardiovascular disease, persons with type 2 diabetes have an impaired ability to carry
out maximal exercise, and the impairment is correlated with insulin resistance and endothelial
dysfunction. We hypothesized that administration of a thiazolidinedione (TZD) agent would
improve exercise capacity in type 2 diabetes.

RESEARCH DESIGN AND METHODS — Twenty participants with uncomplicated
type 2 diabetes were randomly assigned in a double-blind study to receive either 4 mg/day of
rosiglitazone or matching placebo after baseline measurements to assess endothelial function
(brachial artery diameter by brachial ultrasound), maximal oxygen consumption (VO, ...,
oxygen uptake (Vo,) kinetics, and insulin sensitivity by hyperinsulinemic-euglycemic clamp.
Measurements were reassessed after 4 months of treatment.

RESULTS — Participant groups did not differ at baseline in any measure. Rosiglitazone-
treated participants (n = 10) had significantly improved Vo, .. (19.8 =53 ml- kg™ ' - min~
before rosiglitazone vs. 21.2 = 5.1 ml - kg™ ' » min~ " after rosiglitazone, P < 0.01), insulin
sensitivity, and endothelial function. A change in Vo,,,. correlated with improved insulin
sensitivity measured by clamp (r = 0.68, P < 0.05) and with improved brachial artery diameter
(r = 0.70, P < 0.05). Placebo-treated participants (n = 10) showed no changes in Vo,
(194 =52 ml-kg ' - min~ " before rosiglitazone vs. 18.1 = 53 ml - kg™ ' - min~ ' after
rosiglitazone, NS) or brachial artery diameter.

CONCLUSIONS — This is the first known report showing that a TZD improved exercise
function in type 2 diabetes. Whether this is due to the observed improvements in insulin
sensitivity and/or endothelial function or to another action of the TZD class requires further
exploration.
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ven in the absence of cardiovascular  cise in type 2 diabetes compared with that

disease, persons with type 2 diabetes

have an impaired ability to carry out
maximal exercise in that maximal oxygen
consumption (Vo) is reduced by
~20% compared with that in control
subjects similar in terms of age and phys-
ical activity level (1-3). In addition, oxy-
gen consumption (Vo,) at submaximal
workloads is reduced during graded exer-

in healthy control subjects as has previ-
ously been observed in disease states with
impaired oxygen delivery (1,4). Also, Vo,
kinetics are slowed during constant load
exercise in type 2 diabetes (5). Thus, there
are many exercise abnormalities associ-
ated with type 2 diabetes.

The relationship between exercise ca-
pacity and insulin resistance is of interest
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because the association between higher
levels of physical activity/exercise training
status and improved insulin sensitivity is
well established (6—8). Conversely, de-
creased habitual physical activity is
known to be associated with poorer dia-
betic status (9). Population studies reveal
a direct correlation between all-cause
mortality and reduced fitness in persons
with and without type 2 diabetes (10,11).
Previous work from our group and others
demonstrates an inverse relationship be-
tween insulin resistance and Vo, . in
type 2 diabetes in most, though not all,
studies (1,4,12-15). In contrast, glycemic
control does not correlate with decreased
functional exercise capacity (1,2,16). We
have also reported that Vo,,,.. in type 2
diabetes is correlated with endothelial
function. Rosiglitazone, an oral antidia-
betic agent, improves insulin sensitivity in
diabetic animals as well as in humans
(17,18), and it has been observed that the
thiazolidinedione (TZD) class of drugs
improves endothelial function (19,20).
Therefore, we hypothesized that adminis-
tration of rosiglitazone would improve
exercise capacity in persons with type 2
diabetes compared with placebo.

RESEARCH DESIGN AND
METHODS — Twenty adults with un-
complicated type 2 diabetes were ran-
domly divided into two groups. One
group received rosiglitazone (4 mg daily)
and the other received a matching pla-
cebo. A dose of 4 rather than 8 mg daily
was chosen because although this dose
has previously been reported to improve
insulin sensitivity and endothelial func-
tion, we also wished to minimize the pos-
sible weight gain and other side effects
that could confound the primary end
point. Participants and investigators were
blinded to treatment.

The presence of type 2 diabetes was
documented by chart review and treat-
ment for diabetes. Persons with type 2 di-
abetes were included if their diabetes was
treated by diet alone and/or oral antidia-
betic medications. Subjects taking met-
formin, any TZD, or insulin were
excluded. Persons with type 2 diabetes
were accepted for the study if they had
total HbA . (A1C) levels <9% (adequate
control) with therapy. The study was ap-
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proved by the institutional review board
of the University of Colorado Health Sci-
ences Center, and all participants con-
sented to be studied.

History, physical examination, and
laboratory testing confirmed absence of
comorbid conditions. Exclusion criteria
included cigarette use within 1 year be-
fore study, alanine aminotransferase lev-
els >1.5 times the upper limit of normal,
evidence of acute liver disease, evidence
of distal symmetrical neuropathy (by
evaluation of symptoms [numbness or
paresthesia] and signs [elicited by vibra-
tion, pinprick, light touch, and ankle
jerks]), autonomic dysfunction (>20 mm
fall in upright blood pressure without a
change in heart rate), proteinuria (urine
protein >200 mg/dl) or creatinine =2
mg/dl, evidence of ischemic heart disease
by history or abnormal resting or exercise
electrocardiogram (=1 mm ST segment
depression), or angina or other cardiac or
pulmonary symptoms potentially limit-
ing exercise performance. Systolic blood
pressure >190 mmHg at rest or >250
mmHg with exercise or diastolic blood
pressure >95 mmHg at rest or >105
mmHg with exercise was also a reason for
exclusion. All exclusions were made for
reasons of safety or potential effects on
exercise performance.

Subjects came to the Vascular Re-
search Laboratory at the University of
Colorado Health Sciences Center for 10
visits over a ~4-month period. During
visit 1, participants had a history and
physical examination performed, and
blood was drawn for measuring A1C and
liver enzymes. In addition, a resting elec-
trocardiogram, urine analysis, and famil-
iarization bicycle test were performed.
Dual-energy X-ray absorptiometry
(DEXA) and body composition tests were
carried out during visit 2. During visit 3,
plethysmography and brachial echo mea-
surements were made. For visit 4, a hy-
perinsulinemic-euglycemic clamp was
performed to determine insulin resis-
tance. For visit 5, subjects had a graded
bicycle exercise test to determine Vo, ..
and three constant-load tests to measure
Vo, kinetics. The two types of testing ses-
sions (VO,,,. and VO, kinetics) were sep-
arated by a 2-hour period to allow rest or
were performed on two separate days.
Participants were then randomly assigned
to begin a course of rosiglitazone or pla-
cebo for 4 months. Liver enzymes were
assessed during visits 6 and 7, 1 month
and 3 months, respectively, after starting
study medication. At visits 810 the entry

procedures were repeated 4 months after
treatment initiation.

Body composition and DEXA

Body composition and DEXA measures
were performed according to standard
methods (21).

Insulin resistance

Insulin resistance was assessed by fasting
insulin level, by calculation of the ho-
meostasis model assessment of insulin
resistance (HOMA-IR), and by hyperin-
sulinemic-euglycemic clamp (described
later). HOMA-IR was calculated accord-
ing to the following formula: fasting
plasma insulin (milliunits per liter) X
fasting glucose (millimoles per liter)/22.5
(22,23).

Hyperinsulinemic-euglycemic clamp
The clamp to measure insulin sensitivity
was done with an infusion of 40 mU +m™*
- min~ " insulin and 20% dextrose being
given over a 6-h period according to
methods previously described (24,25).

Brachial artery diameter

Endothelial function was assessed by the
brachial artery ultrasound method. The
ultrasound method for measuring endo-
thelial function after cuff occlusion fol-
lowed the protocol described by
Celermajer et al. and other authors as pre-
viously reported (26-28).

After the hyperemic measures evalu-
ating the endothelium-dependent vasodi-
lation, subjects lay quietly for 15 min, and
then sublingual nitroglycerin (300 wg)
was administered. After 3 min, measure-
ments of brachial artery diameter were
repeated to serve as a measure of endothe-
lium-independent vasodilation.

Plethysmographic measurements
Forearm reactive hyperemic blood flow
was determined in supine participants by
venous occlusion strain-gauge plethys-
mography (D.E. Hokanson, Issaquah,
WA) using calibrated mercury-in-Silastic
strain gauges and expressed in milliliters
per 100 milliliters per minute according
to established methods (29). Determina-
tion of resting forearm blood flow com-
prised at least five separate measurements
performed at 10- to 15-s intervals. Peak
reactive hyperemic forearm blood flow
was recorded as the individual peak blood
flow attained after release of the arterial
occluding culff.

Exercise testing. Vo,, carbon dioxide
production (Vco,), minute ventilation,
and heart rate were measured continu-

ously and recorded breath-by-breath us-
ing a metabolic measurement system
(Medgraphics CPX/D; Medical Graphics,
St. Paul, MN).

Incremental (graded) exercise test. To
determine VO,,,.., a graded bicycle test to
exhaustion was carried out as previously
described (1,5,8) using a cycle ergometer
(Excalibur, Medical Graphics) and the
metabolic cart. Three minutes of resting
data were collected to obtain baseline
measurements before exercise. After the
start of exercise, the work rate was incre-
mented in 10 to 20 W/min increments
(depending on age and sex) to allow each
subject to reach maximum within 7-12
min. During incremental exercise testing,
the highest Vo, and heart rate averaged
over 20 s were defined as the maximum
values. The respiratory exchange ratio
was calculated as the ratio of Vco,/Vo,.
Constant work rate exercise testing.
Subjects performed three identical exer-
cise transitions from rest to constant work
rate (CWR) exercise (30 W) on a cycle
ergometer as previously described
(5,8,30). Each transition consisted of a
resting period to obtain baseline gas ex-
change data, followed by 6 minutes of
CWR exercise. Transitions were sepa-
rated by a minimum of 10 min of rest.
Respiratory gas-exchange measurements
and heart rate data were recorded
throughout each CWR bout.

Vo, kinetic methods. Gas-exchange and
heart rate data for kinetic analysis were
processed using a software program de-
veloped in our laboratory as previously
described (5,8). The data for each exercise
transition were time interpolated to 1-s
intervals. The three CWR exercise transi-
tions were then time aligned and averaged
to provide a single, averaged exercise re-
sponse for each subject.

Pulmonary Vo, kinetic responses
were evaluated using a two-component
exponential model, allowing individual
components of the Vo, kinetic response
to be evaluated as previously reported
(5,8,30).

Blood collection and preparation
Blood was drawn at baseline for the
measurement of microalbuminuria, total
cholesterol, LDL cholesterol, HDL choles-
terol, triglyceride, glucose, insulin, and
A1C levels. Values were assayed accord-
ing to previously reported methods (1,5).
Alanine aminotransferase levels were
monitored to obtain a measure of liver
function at screening and at months 1, 3,
and 4.
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Table 1—Demographic and lipid data at baseline and fasting glucose, fasting insulin, hyper-
insulinemic-euglycemic clamp, and HOMA-IR values before and after treatment

Placebo Treated

n 10 10
Age 56 + 1 55+ 7
Body weight (kg)

Before 90.0 = 16.7 059 + 14.7

After 90.0 x 16.4 08.2 £ 16.1
BMI (kg/m?) 304 +£58 322+56
Body fat (%) 37.7 78 353+ 132
A1C (%) 72 *+1.0 72*1.1
Microalbuminuria (pg/ml) 13.8 = 10.2 12.7 = 10.2
Total cholesterol (mg/dl) 1795 =255 173.9 = 30.8
LDL cholesterol (mg/dl) 06.2 £228 05.5 = 28.5
Triglycerides (mg/dl) 143.6 = 105.0 185.0 = 87.1
Fasting glucose (mg/dl)

Before 1464 = 313 14490 = 41.7

After 126.0 = 29.8 119.9 = 37 .4%
Fasting insulin (mU/ml)

Before 20072 15.7 = 14.6

After 133 £ 5.8% 8.1 £ 53%F
Clamp (min 120-180)

Before 24+14 28=*05

After 26%20 53 £ 1.7%F
HOMA-IR

Before 70x£39 63%£59

After 42+ 24% 2.8 £ 1.3%

Data are means £ SD. *P < 0.05 difference before and after within groups; ¥P < 0.05 difference between

groups after treatment.

Measurement of habitual physical
activity

All participants were sedentary (defined
as exercising one bout per week or less)
and participation in the study was only
permitted if participants did not plan to
alter their exercise or diet efforts during
the study.

Statistical analysis

Data are reported as means = SD. The
two groups were compared using an un-
paired ¢ test. Within group comparisons
before and after treatment were accom-
plished using the paired t test. Correla-
tions were made using a Pearson product
moment correlation coefficient.

RESULTS — The two groups of partic-
ipants were of similar age (55.0 £ 7.3
years for rosiglitazone-treated subjects
and 56.1 = 10.7 for placebo-treated con-
trol subjects, NS) and had similar body
mass indexes (32.7 = 5.6 kg/m2 for ros-
iglitazone-treated subjects vs. 30.4 £ 5.8
kg/m?* for placebo-treated control sub-
jects, NS). Each group comprised five
men and five women. The two groups did

not differ with regard to any demographic
or laboratory variable (Table 1).

Measures of fasting glucose level and
insulin resistance

Fasting blood glucose level improved sig-
nificantly only in the rosiglitazone-treated
group (Table 1). As expected, insulin sen-
sitivity, measured by pre- and posttreat-
ment measures of fasting insulin level,
hyperinsulinemic-euglycemic clamp
(measured over minutes 120-180 [last
hour]), and HOMA-IR also improved in
this group. The participants in the place-
bo-treated group did not improve their
fasting blood glucose level but did have
modest improvements in fasting insulin
level and HOMA-IR consistent with a
positive placebo effect. No significant
changes were observed with insulin
clamp results in the placebo group.

Exercise capacity

Baseline exercise capacity did not signifi-
cantly differ between groups (Table 2).
Rosiglitazone-treated subjects had a sig-
nificant improvement in Vo, after 4
months of treatment whereas placebo-

Regensteiner, Bauer, and Reusch

treated subjects had no improvement (Ta-
ble 2, Fig. 1). In addition, Vo,,,,. Was
higher not only when expressed on a per
kilogram basis (i.e., normalized for
weight) but also when expressed as an ab-
solute value (milliliters per minute) in the
rosiglitazone-treated group compared
with the placebo-treated group.

Maximal respiratory exchange ratio
(Vco,/Vo,) did not significantly differ be-
tween or within groups before and after
treatment, suggesting a similar (maximal)
effort by the two groups at both time
points (Table 2). Maximal heart rate sim-
ilarly did not significantly differ between
or within groups before or after treat-
ment. Thus, effort appears to have been
maximal for both groups before and after
treatment.

The oxygen pulse can be used as a
noninvasive indicator of stroke volume
(31). This measure is obtained by divid-
ing maximal Vo, in milliliters per minute
by maximal heart rate in beats per minute
(Table 2). The oxygen pulse improved
significantly in the rosiglitazone-treated
group (Table 2) whereas that of the pla-
cebo-treated group did not improve.

Vo, kinetics are a measure of the rate
of adaptive Vo, after the onset of constant
work rate exercise. In a two-component
model, amplitude (A1) of the cardiody-
namic Vo, response was lower after ros-
iglitazone treatment but not after placebo
treatment. The amplitude (A2) of the Vo,
increase during the second component
was greater after rosiglitazone treatment
with no change noted in the placebo-
treated group. No change in the time con-
stant of phase 2 was observed in either
group after treatment although a shorter
time delay was observed for phase 2 after
rosiglitazone treatment compared with
baseline. We observed a statistically faster
time constant for phase 1 after 4 months
of rosiglitazone treatment compared with
baseline conditions. However, there were
no differences between rosiglitazone- or
placebo-treated groups for this parameter
after treatment.

Endothelial function and blood flow

At baseline, there were no differences be-
tween rosiglitazone- and placebo-treated
groups in terms of brachial artery diame-
ter response to cuff-induced hyperemia.
Administration of rosiglitazone increased
the brachial artery diameter response to
cuff inflation by 83% over the baseline
response (from 0.024 = 0.03 to 0.044 =
0.03 cm, P < 0.05), whereas no signifi-
cant increase was seen in the response of
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Table 2—Measures of maximal and submaximal exercise capacity before and after exercise

Placebo Treated

n 10 10
VO, 0 (Ml - kg™ !+ min) ™!

Before 194 +52 198+53

After 18.1 £53 212 £51*%
VO, (ml/min)

Before 1,744 = 689 1,902 = 603

After 1,659 = 681 2,074 = 585*%
Oxygen pulse (Vo,/heart rate)

Before 113 +37 13337

After 11.1 £3.6 14.8 £ 41*F
Peak heart rate (beats/min)

Before 153 = 16 145 + 18

After 146 £ 19 141 = 19
Maximal respiratory exchange ratio

Before 1.20 = 0.07 1.19 = 0.06

After 1.14 = 0.09 1.20 £ 0.04
Vo, kinetics A1 (ml/min)

Before 267 = 95 364 = 183

After 250 £ 87 256 = 160*
Vo, kinetics 71 (s)

Before 25%29 81*59

After 20£26 29 +£25%
Vo, kinetics td1 (s)

Before 053*15 198 £38

After 1.02 £3.0 14834
Vo, kinetics A2 (ml/min)

Before 381 + 141 376 £ 146

After 402 £ 130 454 £ 194*
Vo, kinetics 72 (s)

Before 372195 33.1*+96

After 387 *12.7 369 =83
Vo, kinetics td2 (s)

Before 282 *+903 328+ 56

After 27.1 £8.2 232 £ 41%

Data are means = SD. *P < 0.05 difference within groups before and after treatment; Fdifference between
groups after treatment. A1 = A; 7, time constant; td, time delay.

placebo-treated control subjects (from was greater in the rosiglitazone-treated

0.010 = 0.02 to 0.017 = 0.02 cm, NS).
The change in brachial artery diameter

PLACEBO
35 1
_ 30 \
£
E 251
22- — .
€ ’ R ——
515 — +
£
ON .\:
> 104
5 4
O ; e
Baseline 4 Months

group than in the placebo-treated group
(P < 0.05). No differences were seen from

before to after treatment in either group
with regard to the brachial artery diame-
ter response to nitroglycerin, which went
from 0.060 * 0.030t0 0.046 = 0.031 cm
(NS) in the rosiglitazone-treated group
versus from 0.058 = 0.17 to 0.056 =
0.26 cm (NS) in the placebo group.

Hyperemic forearm blood flow re-
sponse measured by plethysmography in-
creased after rosiglitazone administration
by 48% (from 13.5 = 7.6 t0 20.0 = 6.6
ml-100ml - min ', P < 0.05) whereas
no significant change was observed in
control subjects (from 15.7 = 7.0 to
153 =54 ml-100ml™" - min~', NS).

Of note, a change in brachial artery
diameter before and after cuff inflation at
baseline was not significantly lower at
baseline in the placebo-treated group
than in the rosiglitazone-treated group for
reasons that are unclear. Reassuringly, the
results for brachial artery diameter and
plethysmography both support changes
in the rosiglitazone-treated group not
found in the placebo-treated group and
thus are consistent.

Correlations between exercise
performance and measures of
insulin resistance/glycemic control
In the rosiglitazone-treated group only,
a change in Vo,,.. correlated with
changes in fasting insulin (r = —0.75,
P < 0.01), HOMA-IR (r = —0.89, P <
0.001), and insulin sensitivity as mea-
sured by clamp (min 120-180) (r = 0.68
P < 0.05). There was no significant cor-
relation between any measure of exercise
capacity and A1C or fasting blood glucose
level in either of the groups. A change in
VO, max also correlated with a change in
brachial artery diameter (r = 0.70, P <
0.05) in the rosiglitazone-treated group.

ROSIGLITAZONE

35 -
30 -
—_ i
e
£ 25
E — ¢
%15 - ._/“
£ |
S -
= 10+
5-
o S -~
Baseline 4 Months

Figure 1—V0,,,,. before and after treatment with placebo (left) or rosiglitazone (right).
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CONCLUSIONS — The primary
finding of the present study was that
VOymax improved in participants with
type 2 diabetes after the administration of
a TZD. The improved exercise capacity
was correlated with a reduction in insulin
resistance and improved endothelial
function and blood flow. Importantly,
improvements in maximal exercise capac-
ity were present whether Vo,, .. was re-
ported on a per kilogram basis or as an
absolute value. Further supporting the
presence of improvements were improve-
ments in Vo, kinetics. To our knowledge,
this finding marks the first report demon-
strating that a pharmacological interven-
tion with a TZD improves exercise
capacity in persons with type 2 diabetes.
The mechanism(s) leading to these im-
provements cannot be determined in the
present study.

It has previously been reported that
exercise capacity is reduced even in un-
complicated type 2 diabetes as was also
observed in the present study (1-3).
Schneider et al. (2) were among the first to
note a decreased Vo,,,, in type 2 diabe-
tes. Our group extended this work when
we discovered that abnormalities not only
occurred with maximal but also with sub-
maximal exercise performance in persons
with uncomplicated type 2 diabetes and
that consistent linkages existed between
exercise abnormalities and insulin resis-
tance in persons with type 2 diabetes
(1,5,8). The potential clinical relevance of
the small but significant improvement in
exercise capacity in the rosiglitazone-
treated group is supported by the potent
negative impact that physical inactivity
has on diabetes control and weight man-
agement and the possible benefits a drug
that improved exercise capacity might
therefore confer (11,32). Because VO«
is positively correlated with habitual
physical activity (33,34), this relationship
is of practical significance as well.

Previous investigations into the im-
pact of drug therapy on exercise tolerance
have primarily been in subjects with se-
vere congestive heart failure, which pro-
foundly reduces Vo,,.. (35,36). In one
such study, a modest, but significant, in-
crease of 0.72 ml-kg ™' *min~"in Vo,
that was concordant with an increased
ejection fraction was observed with ad-
ministration of hydralazine and isosor-
bide dinitrate (35). In the present
investigation, we evaluated type 2 dia-
betic subjects with no apparent clinical
complications beyond decreased func-
tional exercise capacity. Rosiglitazone in-

creased peak Vo, by 1.4 ml - kg™' -
min~ ! with concordant improvements in
Vo, kinetics and O, pulse, suggesting an
increase in stroke volume. Thus, whereas
rosiglitazone exerts a modest effect on
peak performance compared with exer-
cise interventions, it is a consistent im-
provement and greater than that observed
in congestive heart failure trials.

Improvements in Vo, .. occur as a
result of an increase in parameters of car-
diac performance (heart rate and stroke
volume) and/or peripheral oxygen extrac-
tion, as described by Fick’s principle. In
the rosiglitazone-treated group, Vo, ..«
increased with no change in peak heart
rate responses, resulting in a significantly
increased peak oxygen pulse (the product
of stroke volume and oxygen extraction).
Moreover, the duration of the cardiody-
namic phase (represented by the time de-
lay of Vo, kinetics during constant load
submaximal exercise) became shorter,
suggesting improvement in circulatory
transit immediately after exercise onset.
Importantly, this change in Vo, kinetics
was isolated to the cardiodynamic phase
in the rosiglitazone group, and no
changes in the phase 2 time constant (rep-
resenting muscle O, uptake) were ob-
served from before to after treatment.
Consistent with these observations, we
have previously reported impaired car-
diac function during acute exercise in per-
sons with uncomplicated type 2 diabetes
(37). Abnormalities in cardiac blood flow
and subtle defects in autonomic function
have also been reported in apparently un-
complicated type 2 diabetes (38—40). Al-
though we did not directly evaluate
cardiac function in the present study,
study observations are most consistent
with an improvement in cardiac perfor-
mance in the rosiglitazone-treated group
and suggest that a portion of the cardiac
abnormality in type 2 diabetes may be
amenable to TZD therapy. In addition,
analogous findings in the skeletal muscle
cannot be excluded.

The mechanisms by which type 2 di-
abetes per se is associated with impaired
exercise capacity are not well understood.
Typically, associations have not been ob-
served between glucose level or A1C and
exercise capacity in type 2 diabetes
(1,2,16). In contrast, it has been estab-
lished in most reports that increased in-
sulin resistance is consistently associated
with decreased Vo, in persons with
type 2 diabetes and other chronic disease
states, as well as in healthy control sub-
jects (5,8,12-14,41). These findings pro-
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vided the rationale to evaluate whether
TZDs, known insulin sensitizers, could
improve exercise tolerance.

Insulin resistance is associated with
blunted insulin-induced endothelial ni-
tric oxide synthase activity, leading to de-
creased muscle and cardiac blood flow
and decreased glucose transport into
muscle (42). In the present study, we
found that the improved exercise capacity
in the rosiglitazone-treated group was as-
sociated with improved endothelial func-
tion in type 2 diabetes. This finding was
not unexpected, given findings in previ-
ous studies in patients with heart failure,
coronary heart disease, and diabetes
showing correlations in these disease
states between impaired exercise capacity
and reduced endothelial function (43—
45). The association between exercise ca-
pacity and endothelial function is further
strengthened when the relationship of ex-
ercise training to endothelial function is
examined. Exercise training improves en-
dothelial function (43-45) in persons
with diabetes or heart failure. Recent
studies have showed that administration
of L-arginine, a precursor of nitric oxide,
hasimproved exercise capacity in patients
with heart failure and pulmonary hyper-
tension (46,47). However, because the
present study was not designed to evalu-
ate the mechanism by which rosiglitazone
increased exercise capacity in type 2 dia-
betes, potential relationships between im-
proved exercise capacity with endothelial
function and insulin resistance, separately
or together, require further investigation.

In addition to changes in endothelial
function and insulin sensitivity, other
mechanisms such as mitochondrial dys-
function could contribute to impaired ex-
ercise capacity in type 2 diabetes. Recent
studies examining functional metabolism
in rodents and humans with type 2 diabe-
tes indicate inefficient mitochondrial
function (48-51). A study of rats bred for
increased exercise capacity and longevity
revealed that mitochondrial dysfunction
was associated with premature death,
defective exercise capacity, and the meta-
bolic syndrome (52). Whether mitochon-
drial dysfunction contributes to the
impaired exercise capacity observed in
type 2 diabetes remains to be determined
but is plausible based on human and ro-
dent studies (48-51). The role of the
TZDs in treating the mitochondrial dys-
function of type 2 diabetes has not been
completely determined, but in adipose
tissue TZDs have been reported to in-
crease mitochondrial mass (53).
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Chronic exercise is a fundamental
management tool for type 2 diabetes and
yet exercise capacity is impaired in this
population. The key observation in this
study is that a TZD increased maximal
exercise capacity in people with type 2
diabetes. The results of the present study
support the hypothesis that treating per-
sons with type 2 diabetes with a TZD aug-
ments exercise capacity. Future studies
should explore the effects of rosiglitazone
in combination with exercise training to
investigate the potentially positive inter-
action of TZDs with this cornerstone of
diabetes treatment.
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