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OBJECTIVE — The goal of this study was to determine whether treatment with an aldose
reductase inhibitor (ARI) has beneficial effects on asymptomatic cardiac abnormalities in diabetic
patients with neuropathy.

RESEARCH DESIGN AND METHODS — Diabetic subjects with neuropathy (n � 81)
with either a low diastolic peak filling rate or impaired augmentation of left ventricular (LV)
ejection fraction (LVEF) during maximal bicycle exercise were identified by gated radionuclide
ventriculography. Coronary artery disease, left ventricular hypertrophy, and valvular heart dis-
ease were excluded by clinical evaluation, myocardial perfusion imaging, and echocardiography.
Subjects were randomized to receive blinded treatment with either the placebo or the ARI
zopolrestat 500 or 1,000 mg daily for 1 year.

RESULTS — After 1 year of ARI treatment, there were increases in resting LVEF (P � 0.02),
cardiac output (P � 0.03), LV stroke volume (P � 0.004), and exercise LVEF (P � 0.001). In
placebo-treated subjects, there were decreases in exercise cardiac output (P � 0.03), stroke
volume (P � 0.02), and end diastolic volume (P � 0.04). Exercise LVEF increased with ARI
treatment independent of blood pressure, insulin use, or the presence of baseline abnormal heart
rate variability. There was no change in resting diastolic filling rates in either group.

CONCLUSIONS — Diabetic patients with neuropathy have LV abnormalities that can be
stabilized and partially reversed by ARI treatment.
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H eart failure (HF) is a significant
cause of morbidity and mortality in
patients with diabetes (1). The inci-

dence of HF is increased 2.4-fold in dia-
betic men and 5.1-fold in diabetic women

(2). Although, many of these patients
have coexistent hypertension or coronary
artery disease (CAD), diabetes further
predisposes them to the development of
HF (2,3). Diabetic patients also are more

prone to develop HF in the setting of
acute myocardial infarction (4,5).

Patients with diabetes have abnor-
malities in left ventricular (LV) function,
including parameters of diastolic filling
(6,7), LV systolic strain (8), and augmen-
tation of LV ejection fraction (LVEF) with
exercise (9 –11). Cardiac dysfunction
may result from abnormalities in intracel-
lular calcium regulation, heart metabo-
lism, contractile proteins, or remodeling
of the extracellular matrix (1,12,13). Both
LV systolic and diastolic function are also
modulated by autonomic influences. Car-
diac autonomic dysfunction is common
in diabetes (14) and has been associated
with low diastolic peak filling rates (PFR)
(6,15) and impaired augmentation of
LVEF during exercise (10,16,17). Pa-
tients with type 1 diabetes with abnormal
LVEF responses during exercise have in-
tact inotropic responses to dobutamine
(16) and postextrasystolic potentiation
(17), indicating the importance of extrin-
sic factors, including autonomic function,
in determining the cardiac response to
exercise.

Aldose reductase inhibitor (ARI)
drugs block the entry of glucose into the
sorbitol pathway and have been devel-
oped for the treatment of diabetic periph-
eral (18,19) and autonomic neuropathy
(20,21). They appear to increase cardiac
output during exercise in patients with
type 2 diabetes (22). However, it is un-
clear whether these drugs have beneficial
effects on LV performance in diabetic pa-
tients with abnormalities in cardiac func-
tion. Thus, the purpose of this study was
to determine whether ARI treatment
would improve cardiac function in
asymptomatic diabetic subjects with evi-
dence of decreased LV function but with-
out overt CAD or hypertensive heart
disease. Type 1 and type 2 diabetic sub-
jects with abnormalities in either diastolic
filling or exercise LVEF were identified
and randomized to treatment with either
the ARI zopolrestat or placebo, and their
cardiac function was then re-evaluated
over the course of 1 year.
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RESEARCH DESIGN AND
METHODS

Subject selection
This was a multicenter randomized, pla-
cebo-controlled, double-blind study of
subjects with diabetes in whom the effects
of treatment with either zopolrestat or
placebo on LV function were compared.
Subjects with type 1 or type 2 diabetes,
who were free from known cardiac dis-
ease and able to exercise, were recruited
from diabetes clinics at the participating
sites and via advertisement. The protocol
was approved by the local institutional re-
view board at each site, and informed
consent was obtained from subjects.

Subjects were first screened for dia-
betic complications and considered for
inclusion in the study if peripheral neu-
ropathy was present (see below). Subjects
were included only if they had an HbA1c
between 6 and 10%; this selection was
based on the premise that those with ex-
cellent control were less likely to have car-
diac abnormalities, and those with very
poor control required major intensifica-
tion of diabetes treatment, which might
influence cardiac autonomic function
(23). Subjects were excluded if they had a
systemic disease other than diabetes, cre-
atinine clearance �70 ml/min, liver func-
tion abnormalities, severe obesity (more
than twice ideal body weight), age �70
years, or treatment with �-blockers,
digoxin, nitrates, or calcium channel
antagonists.

All subjects underwent evaluation to
exclude underlying ischemia, uncon-
trolled hypertension (sitting blood pres-
sure �150/95 mmHg), LV hypertrophy,
atrial fibrillation, or valvular heart dis-
ease. This included clinical examination,
resting electrocardiogram, echocardio-
gram, and exercise stress testing with
single photon emission tomography
myocardial perfusion imaging. Subjects
with exercise-induced ST-segment de-
pression (�1 mm) or perfusion defects,
or LV hypertrophy (average of septal and
posterior wall thickness �1.2 cm) were
excluded from the study.

Radionuclide ventriculography
After this initial evaluation, potentially el-
igible subjects were assessed to identify
those with either impaired augmentation
of LVEF during exercise or low resting
diastolic PFR. LV function was assessed
using the multigated acquisition method-

ology at rest and during exercise on a
semisupine bicycle (24). Patients exer-
cised with 25-W increments in workload
every 3 min until exhaustion or marked
dyspnea. All study centers conducted the
procedure in a standard manner with
avoidance of food, alcohol, caffeine, and
smoking for at least 3 h before testing. The
studies were processed by the Core Nu-
clear Cardiology Laboratory at Yale Uni-
versity School of Medicine. LVEF, PFR,
and LV stroke volume were calculated us-
ing standard methods (25,26).

Subjects were included in the study if
they had: 1) a resting diastolic PFR �3
end diastolic volumes (EDVs) per second
(1 SD below the normal mean) (27), 2) a
resting LVEF �50%, or 3) an increase in
LVEF on near-maximal exertion �5%
(absolute) unless the LVEF was �70%, in
which case a rise of �1% (absolute) above
resting was considered abnormal.

Peripheral nerve testing
Signs and symptoms of peripheral neu-
ropathy were assessed using standardized
testing and were present in all subjects.
Peripheral vibration testing was per-
formed during the initial screening to
document eligibility for the study. Al-
though not a primary study outcome, this
testing was repeated after 1 year. Vibra-
tion threshold was measured in the big
toe using the Physitemp Vibraton-2 Vi-
brometer (Physitemp, Clifton, NJ). Stair-
case, forced-choice trials were conducted
with stimulus intensities lowered after
two consecutive correctly identified stim-
uli and again raised after a single incorrect
response. The threshold was defined as
the mean of stimulus intensities at all ob-
served changes in the staircase direction,
and values �2.6 units in both toes were
defined as abnormal (28).

Cardiac autonomic function
Cardiac autonomic function was assessed
during the screening to examine subjects
for baseline cardiac autonomic neuropa-
thy. Abnormal cardiac autonomic testing
was not an inclusion criteria but was ex-
amined as a covariate in the analysis of the
treatment effects on LV function parame-
ters. Autonomic function was assessed by
measuring heart rate variability during a
6-min period of controlled respiration,
using an electrocardiogram monitor and
respiration pacer (D.E. Hokanson, Belle-
vue, WA). Information was analyzed by a
central reading center at the Southern Il-

linois University School of Medicine. Car-
diac autonomic dysfunction was defined
as a circular mean resultant value �15
(29). The Valsalva ratio and coefficient of
variation of the R-R interval were also as-
sessed but were not primary study out-
comes. Autonomic testing was repeated
after 12 months to assess any change fol-
lowing treatment but was not a primary
study outcome.

Treatment
Qualifying subjects were randomly as-
signed to 12 months of treatment with
placebo, zopolrestat 500 mg daily, or zo-
polrestat 1,000 mg daily. These doses
were selected based on their ability to in-
hibit aldose reductase; in a phase 3 clini-
cal study, zopolrestat at doses of 250 or
500 mg daily produced significant de-
creases in sural nerve sorbitol after 18
months of treatment in subjects with dia-
betic neuropathy (Pfizer Global Research
and Development, unpublished data).
Exercise radionuclide ventriculography
was repeated at 1, 4, and 12 months,
whereas vibration perception threshold,
echocardiographic measures, and cardiac
autonomic function were again deter-
mined at 12 months after initiation of
treatment.

Statistical evaluation
Parameters of resting LV function (LVEF,
LV stroke volume, PFR, cardiac output,
and heart rate) and exercise LV function
(LVEF, LV stroke volume, cardiac output,
and heart rate) were the principal out-
come measures and were analyzed for all
subjects at baseline, and then 1, 4, and 12
months after randomization. Groups
were compared at baseline using �2 and
ANOVA. Differences during the fol-
low-up were assessed by ANOCOVA,
which included terms for treatment and
baseline values as the covariates. Testing
for parallelism was performed in relation
to each outcome and treatment. Age, sex,
type and duration of diabetes, and study
site were also considered in the model-
fitting process, but none had a significant
effect. Treatment comparisons were per-
formed by means of contrasts that were
estimated using least square means from a
type III analysis of PROC GLM of SAS.
Measurements of autonomic activity were
performed in the same way but after log
transformation to meet distributional as-
sumptions for the models. For all tests, a
two-tailed P value of 0.05 was used for
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significance. An initial analysis demon-
strated no trends or significant differences
between the effects of the 500- and
1,000-mg doses of zopolrestat on the pa-
rameters of LV function studied, and
therefore the results of the two dose levels
were pooled for analysis. Data are pre-
sented as means � SD.

RESULTS — After the initial screening
history, physical examination, and labo-
ratory assessment, 148 subjects were
identified who were potentially eligible
and underwent full cardiac evaluation.
Twelve subjects were excluded due to LV
hypertrophy, and 17 were excluded due
to ischemia found during stress myocar-
dial perfusion imaging. Of the remaining
119 subjects, 88 (74%) had abnormalities
in either diastolic dysfunction or LVEF
augmentation during exercise, and 81 pa-
tients agreed to be randomized in the
study. Of these subjects, 47 (58%) had an
isolated low PFR, 12 (15%) had an iso-
lated impaired augmentation of LVEF,
and 22 (27%) had both. The demograph-
ics of the 66 subjects who completed 1
year of treatment are indicated in Table 1.

Treatment course
Treatment was generally well tolerated,
although 15 subjects did not complete the
intensive year-long protocol. There were
five dropouts in the placebo group and a
total of nine in the two active treatment
groups. Reasons for dropout included
new symptoms or laboratory abnormality
(6), request to withdraw (4), disqualifica-
tion because of noncompliance (3), and
one death of a patient in the placebo
group. One subject taking 500 mg of zo-

polrestat developed a threefold elevation
in liver transaminases, which returned to
normal after discontinuation of therapy,
but led to termination from the protocol.
Control of diabetes declined equally in
both groups during the year of study
(HbA1c increased from 7.0 to 8.4% on
placebo and from 7.1 to 8.4% on zopol-
restat, P � 0.05 for each). There were no
significant changes in vibration sensation
threshold or cardiac autonomic function
during the year of treatment.

Radionuclide ventriculography
Baseline resting LVEF, LV stroke volume,
and cardiac output values were normal,
but PFR values were low normal at the

initial evaluation (Table 2). Mean baseline
LVEF and PFR were similar in the placebo
group and zopolrestat groups (P � NS
between groups). After 12 months of
treatment with zopolrestat (but not pla-
cebo), there were small but statistically
significant increments in resting LVEF,
cardiac output, and LV stroke volume.
There was no evidence of a treatment ef-
fect on PFR, although there was a trend
for EDV to increase after zopolrestat treat-
ment and to decline with placebo. There
were no changes in resting heart rate or
blood pressure over time during the
study.

The cardiac response to exercise was
significantly different in the treatment
groups after 1 year (Table 3). Exercise LV
stroke volume (P � 0.02) and cardiac
output (P � 0.03) declined over 1 year of
placebo treatment, and exercise LVEF
also tended to decrease. In contrast, pa-
tients treated with zopolrestat showed a
significant increase in exercise LVEF (P �
0.001) and a trend toward higher LV
stroke volume and cardiac output. The
differences in exercise LVEF between the
two treatment groups over the year of
treatment were highly significant (P �
0.003) (Fig. 1A). The increase in exercise
LVEF in the zopolrestat-treated subjects
appeared early and was sustained. Similar
trends for exercise LV stroke volumes
(Fig. 1B) and cardiac output to increase
were observed in the zopolrestat-treated
patients. The increases in exercise LVEF

Table 1—Demographics of subjects completing 1 year of treatment

Placebo Zopolrestat

n 21 45
Age (years) 51.8 � 2.4 52.6 � 1.1
Sex

Male 18 (86) 31 (69)
Female 3 (14) 14 (31)

Diabetes
Type 1 7 (33) 12 (27)
Type 2 14 (67) 33 (73)

Duration of diabetes (years) 14.0 � 2.0 14.2 � 1.5
Use of insulin 14 (67) 31 (69)
Cardiac autonomic neuropathy (circular mean resultant �15) 7 (33) 14 (31)
History of hypertension 3 (14) 11 (24)
Use of ACE inhibitors 6 (29) 8 (18)

Data are means � SD and n (%).

Table 2—Radionuclide ventriculography measures at rest

Baseline Week 52 Change P value

Ejection fraction (%)
Placebo 56.7 � 1.8 57.9 � 1.7 1.60 � 1.52 NS
Zopolrestat 59.7 � 1.2 61.4 � 1.2 1.69 � 0.68 �0.02

Cardiac output (l/min)
Placebo 7.0 � 0.6 6.5 � 0.4 �0.54 � 0.68 NS
Zopolrestat 5.8 � 0.3 6.2 � 0.3 0.46 � 0.20 �0.03

Stroke volume (ml)
Placebo 87 � 8 86 � 6 �3.6 � 7.7 NS
Zopolrestat 76 � 3 84 � 3 8.5 � 2.7 �0.004

Heart rate (bpm)
Placebo 82 � 4 77 � 3 �4.5 � 2.1 NS
Zopolrestat 77 � 2 75 � 2 �2.2 � 1.8 NS

End diastolic volume (ml)
Placebo 153 � 14 150 � 12 �7.3 � 15.1 NS
Zopolrestat 127 � 5 136 � 5 8.3 � 4.9 NS

PFR (EDV/s)
Placebo 2.36 � 0.11 2.56 � 0.18 0.27 � 0.18 NS
Zopolrestat 2.61 � 0.10 2.66 � 0.09 0.05 � 0.09 NS

Data are means � SD unless otherwise indicated. NS, not significant.

Cardiac abnormalities in diabetes

450 DIABETES CARE, VOLUME 27, NUMBER 2, FEBRUARY 2004

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/27/2/448/661283/zdc00204000448.pdf by guest on 10 April 2024



were consistent when analyzed in relation
to the presence or absence of hyperten-
sion, cardiac autonomic dysfunction, or
insulin treatment. There was a trend
noted toward early improvement in these
parameters after 4 and 16 weeks of treat-
ment, but these values were not statisti-
cally different from baseline (Fig. 1).

PFR was not analyzed during exercise
due to the lack of precision of this mea-
surement during exercise. However, exer-
cise LV end diastolic volume significantly
decreased in the placebo group over a pe-
riod of 1 year (P � 0.04), with an opposite
trend in the zopolrestat treatment group.
Over time, there was a significant reduc-
tion (P � 0.001) in the heart rate achieved
during near-maximal exertion in the zo-
polrestat group. However, there was no
correlation between increments in exer-
cise LVEF and decreases in exercise heart
rate observed after 1 year of treatment.

CONCLUSIONS — This multicenter
double-blind, placebo-controlled, ran-
domized study provides the first longitu-
dinal assessment of LV function in high-
risk patients with diabetes complicated by
neuropathy. The study subjects did not
have heart failure symptoms, LV hyper-
trophy, or stress-induced myocardial
ischemia, but they were found to have
mild abnormalities in LV function by
stress radionuclide ventriculography.
Such patients might be considered to
have stage B heart failure, according to the
current American College of Cardiology/
American Heart Association guidelines

(30). The study results suggest that place-
bo-treated patients tended to develop fur-
ther impairment in their indexes of LV
function over the 1-year follow-up pe-
riod, whereas those treated with an ARI
showed evidence of improvement. Al-
though the changes in function were rel-
atively small, this is the first study to
suggest that early abnormalities in LV per-
formance in diabetic subjects might be
stabilized and in some cases improved by
intervention.

A large fraction (almost three-
quarters) of the potentially eligible dia-
betic subjects with long-standing diabetes
and peripheral neuropathy were found to
have baseline cardiac functional abnor-
malities. This observation highlights the
prevalence of cardiac abnormalities in
high-risk diabetic subjects without clini-
cally evident cardiac disease. In those
subjects with abnormalities, 85% had a
low diastolic PFR, 42% had impaired ex-
ercise LVEF augmentation, and 27% had
both. The criterion for diastolic dysfunc-
tion (PFR �3.0 EDV/s) identified subjects
with PFR values �1 SD below the mean
value for healthy subjects (27,31). Thus,
the study included those subjects with
both low normal (2.5–3.0 EDV/s) and
frankly abnormal (�2.5 EDV/s) values,
which in part explains the higher inci-
dence of diastolic abnormalities in the
subjects. Nonetheless, the findings are
still striking in a population that excluded
patients with overt LV hypertrophy. The
results are also consistent with prior evi-
dence that suggested that diastolic abnor-

malities precede abnormalities in exercise
LVEF in diabetic patients (32,33).

The most pronounced effects of treat-
ment were on cardiac systolic function
during exercise. Although less than one-
half of the patients had a reduced capacity
to increase LVEF during exercise at base-
line, zopolrestat increased exercise LVEF
in most patients on active treatment for 1
year. This change was evident as a signif-
icant increase in exercise LVEF in com-
parison with baseline pretreatment levels
and also by comparison with the control
group of patients on placebo. Similar
trends were noted for improvements over
the year in LV stroke volume and in car-
diac output during exercise. The increase
in LVEF and stroke volume led to an in-
crease in exercise cardiac output. Im-
proved systolic function in the zopolrestat
group may also have prevented exagger-
ated sympathetic activation during exer-
cise and blunted the excessive heart rate
rise, which occurred in the placebo
group, as it does in poorly conditioned
individuals during exercise.

The study results do not elucidate the
mechanism through which zopolrestat
increased exercise LVEF in these patients,
because there was no evident improve-
ment in the measured indexes of auto-
nomic or peripheral neuropathy after 1
year of treatment. The increase in LVEF
during exercise is determined by a num-
ber of factors, including neurocardiac
sympathetic activation, catecholamine re-
lease, intrinsic myocardial contractile re-
serve, coronary blood flow reserve,
myocardial energetics, and cardiac pre-
load and afterload (1). There was no effect
of treatment on the blood pressure ob-
served during exercise in these subjects to
suggest that zopolrestat treatment de-
creased afterload. There was also no
change in autonomic function as assessed
through the measurement of the circular
mean resultant of heart rate variability
(29), Valsalva ratio, or coefficient of vari-
ation of the R-R interval. However, heart
rate variability measures are not good in-
dicators of sympathetic autonomic dys-
function (34,35), and it is possible that
ARI treatment improved cardiac sympa-
thetic function as it does in diabetic ani-
mals (36).

Alternatively, metabolic effects of al-
dose reductase inhibition directly in the
heart might have contributed to im-
proved exercise LV function in these sub-
jects. Aldose reductase mediates flux of

Table 3—Radionuclide ventriculography measures at exercise

Variable treatment Baseline Week 52 Change P value

Ejection fraction (%)
Placebo 67.0 � 1.7 64.6 � 2.1 �2.65 � 2.02 NS
Zopolrestat 65.6 � 1.2 69.2 � 1.1 3.70 � 0.83 �0.001

Cardiac output (l/min)
Placebo 13.1 � 0.9 11.2 � 0.8 �2.29 � 0.95 �0.03
Zopolrestat 11.3 � 0.5 12.0 � 0.6 0.85 � 0.59 NS

Stroke volume (ml)
Placebo 108 � 9 89 � 6 �18.8 � 7.3 �0.02
Zopolrestat 89 � 3 96 � 5 8.1 � 4.9 NS

Heart rate (bpm)
Placebo 138 � 5 135 � 4 �1.7 � 4.2 NS
Zopolrestat 136 � 3 125 � 3 �10.4 � 2.6 �0.001

EDV (ml)
Placebo 157 � 11 136 � 8 �19.5 � 8.7 �0.04
Zopolrestat 136 � 4 140 � 7 6.4 � 6.5 NS

Data are means � SD unless otherwise indicated. NS, not significant.
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glucose into the sorbitol pathway leading
to the excessive production of fructose,
which is accompanied by reduction in the
cytoplasmic ratio of NAD to NADH (37).
Alterations in the cytosolic redox state
may lead to decreased cardiac energy gen-
eration from glucose in the heart (37). Ex-
cess polyol pathway flux may also reduce
the sensitivity of contractile proteins to
calcium, which might impact cardiac
function during exercise.

The abnormalities in LV function
identified in these asymptomatic diabetic
subjects were relatively modest. During
the follow-up period, the placebo-treated

subjects demonstrated worsening of LV
parameters, including small decreases in
stroke volume, cardiac output, and LVEF
during exercise. This deterioration may in
part reflect worsening of glycemic con-
trol, which tends to occur in longitudinal
studies such as this when diabetes therapy
is not intensified (38). Diabetes treatment
was provided by the subject’s primary
physician and did not change over the
course of the year. Nonetheless, more
long-term studies will be required to ad-
dress whether abnormalities in LV func-
tion identified in this and other studies
(6,10,15–17) respond to diabetes treat-

ment and/or ultimately lead to clinical
HF in subjects with diabetes. Further-
more, long-term clinical trials would be
of interest to establish whether ARIs in
combination with other pharmacologic
interventions might be effective in pre-
venting or treating symptomatic HF.

Although resting LV systolic function
was normal (LVEF �50%) in almost all of
the subjects at baseline, small but signifi-
cant improvements in resting LVEF,
stroke volume, and cardiac output were
also detected after 1 year of treatment
with zopolrestat. These increases were
consistently seen in subgroups of subjects
with hypertension, cardiac autonomic
neuropathy, and insulin or ACE inhibitor
treatment. On the other hand, there was
no change in the PFR to indicate an im-
provement in resting diastolic function. It
is not clear why ARI treatment did not
improve diastolic parameters, although it
is possible that these agents might not af-
fect remodeling of the extracellular ma-
trix, which leads to diastolic dysfunction
in the diabetic heart (39,40).

Only a small number of subjects
(�20%) were taking ACE inhibitors
throughout the study, and they were
equally distributed in the treatment
groups. ACE inhibitors have an important
role in the treatment of symptomatic dia-
betic patients with low resting LVEF (41)
and also prevent HF in asymptomatic pa-
tients with diabetes (42). Although the
current trial was not designed to test
whether the use of ACE inhibitors influ-
enced the abnormalities in LV function,
we observed the most consistent im-
provements in exercise LVEF in those
subjects treated with both an ACE inhib-
itor and zopolrestat. Of interest, combi-
nation treatment with ARIs and ACE
inhibitors has synergistic effects in the
treatment of diabetic neuropathy in ex-
perimental animals (43). Given the im-
portance of both ACE inhibitors and
angiotensin receptor blockers, further
studies will be required to determine
whether ARI treatment in combination
with these agents leads to further im-
provement in LV function or prevents HF
in patients with diabetes.

Abnormalities in both resting PFR
(31) and LVEF augmentation during ex-
ercise (44) can also result from myocar-
dial ischemia. Because this study was
intended to address the benefit of ARI
treatment in patients without overt CAD,
we excluded subjects with evidence of

Figure 1—Exercise LVEF (A) and stroke volume (B) at baseline and over the course of treatment
for 1 year with either placebo or zopolrestat (results from the two zopolrestat groups were pooled
as described in the RESEARCH DESIGN AND METHODS section). The differences between groups (P values
in figures) were assessed as the changes over time, using least squares estimates derived from a
linear model with adjustment for baseline and site effects. Values are means � SD.
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ischemia based on myocardial perfusion
imaging, as has been done in prior studies
(6,10,15–17). Although myocardial per-
fusion imaging detects significant CAD
and has prognostic importance (45), it
does not entirely exclude the presence of
mild CAD, microvascular ischemia, or en-
dothelial dysfunction (46). Experimental
studies suggest that the aldose reductase
pathway has adverse effects in the isch-
emic heart (47). We cannot fully exclude
the possibility that ischemia occurred
during exercise or that ARI treatment ef-
fects might have been mediated through
an anti-ischemic mechanism.

Diastolic dysfunction is commonly
observed in patients with hypertension
and LV hypertrophy (31). A hypertensive
blood pressure response during exercise
can also lead to impaired augmentation of
LV systolic function (44). The study entry
criteria excluded subjects with poorly
controlled hypertension (�150/95) or LV
hypertrophy, who might be expected to
have LV functional abnormalities attrib-
utable primarily to their hypertension
rather than to their diabetes. Fourteen of
the 66 subjects who completed the trial
did have controlled hypertension, but
there was no difference in the response to
ARI treatment in those with or without
hypertension. This finding is also of clin-
ical importance, because hypertension is
extremely common and is an important
predictor of HF in patients with type 2
diabetes (38).

In conclusion, these results indicate
that abnormalities in LV function ob-
served in patients with diabetes may be
stabilized or partially improved with
treatment with an ARI. Future studies
may be warranted to determine whether
these agents have a role in preventing or
treating HF in patients with diabetes.
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