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The dlsease entity “diabetic cardiomyopathy” has been 
extensively described in young patients with diabetes in the 
absence of ischemic, hypertensive OT valvular heart disease. 
The most convincing data have bee0 a 30% to 
incidence of decreased radionuclide an&graphic left ven- 
tricular ejection fraction response to dynamic exercise. In 
the current study, the hypothesis was tested that this 
abnormal ejection fraction response was due to alterations 
in ventricular loadii conditions or cardiac autonomic 
innervation (extrinsic factors), or both, rather than to 
abnormalities in intrinsic ventricular systolic fiber function 
(contractility). 

Twenty normotensive patients with diibetes (mean age 
36 k 5 years, mean duration 15 k 4 years) and 26 
age-matched normal subjects were studied. AU patients 
with dlabetes bad a normal treadmill exercise tolerance test 
without evidence of myocardial ischemia. By radionuclide 
augiography, all normal subjects increased ejection frac- 
tion with exercise (62 f 4% to 69 t 6%; p C 0.601). In 
contrast, 11 (55%) of 20 patients with diibetes malntalned 
or increased ejection fraction with exercise (group 1; 62 f 
4% to 69 f 6%; p < 0.001) and 9 (45%) of 20 showed an 

Prior studies (l-10) have suggested that left ventricular 
contractility is abnormal in a high percentage of young 
patients with diabetes in the absence of ischemic, hyperten- 

From the Sections of Cardiology and Endocrinology, Department of 
Medicine, The University of Chicago Medical Center, Chicago, Illinois. This 
study was supported in part by the Juvenile Diabetes Foundation, New York, 
New York William Wrigley, Jr. Research Grant), the Diabetes Research and 
Training Center Grant DK-20595. the Clinical Research Center USPHS Grant 
MO1 RR00035 and Grants AA-06677 and HL-35480 from the National lnsti- 
tutes of Health Bethesda, Maryland. 

Manuscript received October 2, 198!3; revised manuscript received me- 
cember 12, 19& accepted January 31, 1990. 

Address Kenneth M. Borow, MD, Noninvasive Cardiac 
~YSiOloSY ~rUvY, University of Chicago Medical Center, 5841 South 
Ma@and Avenue, Hospital Box 44, Chicago, Illinois 60637. 

Qt990 by the American College of Cardiology 

exercise-induced decrease (group 2; 73 f 4% to 66 f 6%; 
p < O.Otll). No difference in the incidence of mi~~ngio~ 
atby, as noted by funduscopic exam~ation, was present 
between the diabetic groups. 
fraction response to exercise in the group 2 pati 
diabetes, all patients with dia 
to afterload m~pulation, norm 
tractility as by 
end-systolic and tge reserve as as- 
sessed with dobutamine 

Autonomis dysfunction did not explain the disparate 
results between the group 2 patients’ radionuclide angio- 

ction. Thus, wheu lett 
ventricular systolic performance was assessed by load- and 
rate-independent indexes, 
myopathy in young adult 
normal blood pressure and no ischemic heart disease. 

(J Am CoM Cardiol1990;15:1508-17) 

sive or valvular heart disease. One of the most widely used 
clinical methods for assessing cardiac performance in these 
patients has been the left ventricular ejection fraction re- 
sponse to exercise as determined by radionuclide angiogra- 
phy. This test has been reported (8,9) to be abnormal in more 
than one third of such patients, suggesting that ventricular 
systolic dysfunction is present in a large subset of young 
adult patients with diabetes. On the basis of these and other 
studies, the clinical entity of diabetic cardiomyopathy ap- 
pears to have been well established (l-10). However, more 
detailed analysis has raised a major question regarding the 
physiologic limitations of the diagnostic methods on which 
these conclusions are based. 
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accompany dynamic exercise. 

alterations in systemic ven 

nisms could result in failure to inc 
without invoking a concomitant de ssion in contractile 
reserve. 

Thus, overall cardiac pe~Qrma~c in response to exercise 
may be blunted ~Rde~e~dent of 
contractility. For these reasons, it 
ations in loading conditions or autonomic innerva- 

of hypertensive, valvular or is c heart disease, who 
opulation in which a 

9 patients. These consisted of 20 patients with type 1 
diab (11 men and 9 women ranging in age from 20 to 39 
years [mean + SD 30 t 51). All had been insulin dependent 
for >5 year? (mean 15 + 6), were taking 
medication; and had a funduscopic examin 
within the prior year specifically for evidence of retinal 
microangiopathy. None t.dd clinical or cardiac ultrasound 
evidence for coronary artery disease, valvular heart disease 
or systemic hypertension. All performed a treadmill exercise 
test that was negative for myocardial ischemia as well as an 
exercise radionuclide angiographic study in which a peak 
rate-pressure product >23, was achieved with a heart 
rate >85% of the maximally predicted value for age and no 
exercise-induced regional wall motion abnormalities. Data 
acquired from the patients with diabetes were compared 
with those obtained from 20 normal subjects matched for 
gender and age (mean 30 2 6 years). Half of these normal 
subjects underwent radionuclide angiographic evaluation 
and the remainder underwent pharmacologic challenges dur- 
ing echocardiographic imaging. These studies were ap- 

iversity 
written 

equipped with a 1 in. (2.54 
en to eighteen millicuries 
ewe-triam~ne penta-acetic 

was injected for the rest measurement and 20 to 23 mCi 

etion of the rest r 
med on a bicycle e 

itoring of heart rate a 
uring rest and exercise studie 
orded by cuff manometer at 2 m 

pressure was re- 

minute. Criteria for an 
case test were as noted above. 

iogr 
ects 

eous recordings o 
mode echocardiograms of the Left ventricle, pbo~ocardio- 
gram, electrocardiogram (ECC), indirect carotid pulse trac- 
ings and blood pressure measurements. Control subjects 
were premeditated with atropine (0.010 to 0.015 mglkg) to 
depress vagal tone and allow baseline dat 
heart rates comparable to the increased 
found in the patients with diabetes. To assess baseline 
contractility over a wide range of ventricular loading condi- 
tions, recordings were made before and during infusion of 
the alpha-l adrenoceptor agonist methoxamine (I mg/min). 
This drug has no direct cardiac effect in the doses used in the 
current study (17). Recordings were obtained every I to 2 
min until peak systolic pressure had increased 30 to 60 mm 
Hg above baseline at which time the methoxamine infusion 
was discontinued. The peak pressor effect lasted 2 to 5 min. 
Only data acquired within a 10 beatlmin heart rate range 
were analyzed. When systemic arterial pressure had re- 
turned to within 5% of the initial value, an infusion of 
dobutamine hydrochloride (5 pglkg per min) was begun. 
A 

standard tests were selected 
cardiac autonomic nerve fu 
respirophasic variability in cardiac cycle length on ECG 
(18-23). Data were acquired with the patient resting in the 
supine position and taking six deep breaths per minute. This 
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respiratory rate was chosen because it results in the maximal 
respiratory variation in heart rate (19). An expiration/ 
inspiration (E/I) ratio was obtained for each breath cycle by 
dividing the longest RR interval after expiration by the 
shortest after inspiration. A mean ratio was derived from the 
six breath cycles recorded over 1 min. This test is predom- 
inantly a measure of cardiac parasympathetic integrity 
(l8,19). The second test measured the change in diastolic 
blood pressure due to sustained muscular exercise associ- 
ated with isometric handgrip exercise (19). A handgrip 
dynamometer was maintained at 30% of maximal voluntary 
contraction for 5 min. Blood pressure was measured every 
30 s using the Dinamap 1846SXP Vital Signs Monitor. The 
difference between the diastolic blood pressure obtained just 
before ‘release and just before the onset of handgrip was 
taken as the measure of response. This test largely reelects 
extracardiac sympathetic nerve function. 

Total glycmy!ated ‘hemoglobin levels. These were mea- 
sured by aflinity chromatography (Isolab) as percentage of 
total hemoglobin and reflect the degree of blood glucose 
control for the previous 8 to 10 weeks. 

Data Analysis 
Radionuclide angiugmph& data. Radionuclide data were 

processed using. the commercially available computer and 
software of the Baird System-77. This was performed after 
correction for detector nonuniformity, electronic dead time 
count loss of the instrument and for background measured 
just before injection. A time-activity curve tias generated 
from a region of interest drawn over the left ventricle. This 
curve was rsed to identify the time of end-systole and 
end-diastoie for individual beats. Sequential addition of data 
from 3 to 10 beats starting at end-diastole produced a 
representative cardiac cycle. Ejection fraction was calcu- 
lated from the background-corrected representative cycle in 
the usual manner. Regional left ventricular function was 
assessed by analysis of wall motion using 
display of the representative cycle and the static display of a 
regional ejection fraction image. 

Patients with diabetes were strat$ed into two groups 
according to their left ventricular ejection fraction response 
to exercise. If ejection fraction remained unchanged or 
increased, patients were placed in group I. If ejection 
fraction decreased, patients were placed in group 2. This 
separation criterion was chosen to establish an ejection 
fraction response to exercise that would be considered 
abnormal by most investigators. The results from the pa- 
tients with diabetes were compared with data obtained from 
the IO normal subjects who underwent radionuclide angio- 
graphic evaluation. 

bhdwaphic data. Left ventricular end-systolic 
and end-diastolic dimensions (D,, Ded) and wall thicknesses 
(he,, h,) were measured from two-dimensionally targeted 

M-mode echocardiographic recordings, as described previ- 
ously (24). Measurements were determined as the mean 
value of five cardiac cycles. Left ventricular percent frac- 
tional shortening (%AD) was calculated in the usual manner 
and ventricular ejection time (ET) was measured from the 
carotid pulse tracing. The rate-corrected mean velocity of 
left ventricular fiber shortening (Vcf,) was calculated as (24) 

(%AQ) %AD Vcf, = - = - 
ET ET, ’ 

V-- RR 

where RR is the interval between adjacent waves on the 
ECG and ET, is the ejection time corrected for heart rate. 

Calibrution of the carotid pulse tracings was performed 
with assignment of systolic blood pressure to the peak and 
diastolic blood pressure to the nadir of the tracing (25’). 
Linear interpolation to the level of the incisura was then 
performed to estimate end-systolic pressure. 

The left ventricular end-systolic meridional wall stress 
(a,,, g/cm2) was calculated by an angiographically validated 
method (26): 

uees = (0.337) 
P’s) (Des) 

where Pes is end-systolic pressure (mm Hg), D,, and he, are 
end-systolic dimension and wall thickness (cm), respec- 
tively, and 0.337 is a conversion factor. Data from patients 
with diabetes were compared with those obtained from the 
IO normal subjects who underwent pharmacologic challenge. 

The relation between lef ventricular end-systolic wall 
stress and rate-corrected velocity of fiber shortening was 
used as a preload and heart rate-independent index of 
contractility that incorporates afterload into its analysis 
(24,27). This index has been used clinically to assess a wide 
array of subjects ranging from normal subjects to patients 
considered to be at risk for left ventricular contractile 
abnormalities (28-34). 

Tests of cardiovascular autonomic nerve function. As re- 
ported previously, an expiration/inspiration ratio less than 
1.10 is considered indicative of total or near total loss of 
parasympathetic influence on heart rate and a ratio between 
I. 10 and 1.15 is considered in the borderline range suggesting 
partial parasympathetic denetvation of the heart (18-20). 
Because the ratio normally declines with increasing age, 
normal values adjusted for age were used in this study 
(21.22). The normal change in diastolic blood pressure in 
response to handgrip is an increase 116 mm Hg; an increase 
5 IO mm Hg is abnormal (IL). Changes of I I to 15 mm Hg are 
considered in the borderline range (19). 

StatIsticaI analysis. Each subject served as his own con- 
trol. The paired t test was used to assess the hemodynamic 



H ynamics 
condition 

art rate (beatdmin) 
Peak systolic (mm pressure 
Diastolic (mm Hg) pressure 

Peak exercise 

Heart rate (beatslmin) 
Peak systolic (mm pressure 
Peak rate-pressure product ( 

Left ventricular ejeclion fraction (c/c) 

Rest condition 
Peak exercise 
Change 

Group I 
(ul = II) 

81 + 14 
III 2 I5 
76 ? 9 

155 f 14 
142 + 26 

‘6 i ,_ ’ + 2.2 - 

62 k 4 
69 + 65 

754 

Group 2 
(n = 9) 

93 + !I*: 
113 + 16 
69 2 9 

160 + 13 
180 2 23 

28.7 I 3.9 

73 I! 4*$ 
66 + 69 
-1 + I*$ 

ual IJ,,-VcfC lines were gene 
conditions from a minimum of four data points using simple 
linear r~g~~ss~o~ (least squares method). intergroup compar- 
isons were made using VcfC values obtained at a common 
level of left ventricular afterload (flees = 50 g/cm2). This level 
of a,, was chosen for c ’ ons because it approximated 
the mean baseline a,, 
other studies (28,30,33). 

normal subjects in this and 

the 
ime 

of radionuclide angiographic imaging. All data were acquu-ed 
the subjects in the upright ion. Under rest cond 
, there were no intergroup rences for aortic pea 

systolic or diastolic pressure. Heart rate was higher for the 
group 2 patients with diabetes than for the normal subjects or 
group 1 patients. There were no intergroup differences at 

earl rate, systolic 
ssure product. No pati 

exercise. Left ve~~ric~~ar ejection inaction i 
every normal subjec m 61 2 6% at rest to 69 
peak exercise (p < 1) with a mean increase 0 

re 8. Left venlricular ejection fraction (%) obtained under rest 
conditions and at peak exercise 03x1 for all study groups. With 
exercise, ejection fractions increased in normal subjects and group I 
patients and decreased in group 2 patients. Although ejection 
fraction was higher at rest for group 2, no intergroup differences in 
exercise ejection fraction values were present. 
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Table 2. Summary of Echocardiographic Data 
Normal Subjects (n = 10) Group 1 (n = 11) Group 2 (n = 9) 

Control Dobutamine Control Dobutamine Control Dobutamine 

Heart rate (beatsjmin) a2 + 12 94 + IIt 79 I 10 95 + 91 81 r9 96 f 171 

Pp. (mm H&9 127 f 11 I50 + 1st 123 + 19 165 + 23t I21 + 17 I58 ? 17-t 

Pa (mm I-k) 69 + I 81 f 13* 71 + 9 82 + Ilt 702 I3 82 + 9* 

PeS (mm &I 93 -c 7 II3 f l6t 92? I2 II7 r?: 27t 89r 16 104 + l6* 

Des (cm) 4.86 f 0.29 4.77 f 0.36 4.54 It 0.39 4.47 r 0.44 4.44 + 0.39$ 4.34 f 0.47 

Des (cm) 3.25 r 0.28 2.82 r 0.22t 2.95 * 0.33 2.56 + 0.28t 2.90 f 0.28$ 2.47 f 0.27t 
kd 1.01 + 0.10 I.01 + 0.12 0.98 ? 0.12 0.99 r 0.12 0.98 5 0.11 0.98 r 0.13 
heY 1.47 f 0.12 1.70 f 0.12t I.50 + 0.20 1.70 2 0.20t 1.44 r 0.19 1.63 + 0.20t 
ET, 320 r I2 306 t 135 331 + 19 320 2 20 332 5 18 316 + 21* 
%AD 33.1 * 2.5 41.3 + 1.5t 34.9 r 3.4 42.6 -+ ?.7t 34.1 ? 2.6 43.0 r 1.5t 

Vcf, 1.04 + 0.07 1.35 + 0.07t 1.06 + 0.10 b.sj ” 0.07P 1.05 t ip.1 I 1.36 + 0.08t 
u C8 49 + 8 40 + 9t 42 ? 13 35 + 7’ 41 + 13 33 ? 8 

*p < 0.05 versus control; tp < 0.01 versus control: $p < 0.017; normal control versus group 2 control; Ded = left ventricular end-diastolic dimension; a,, 
= left ventricular end-systolic wall stress (g/cm’); D., = left ventricular end-systolic dimension; ET, = rate-corrected ejection time (s); h_, = left ventricular 
end-diastolic wall thickness (cm); 4, = left ventricular end-systolic wall thickness (cm); %AD = left ventricular percent fractional shortening; Pd = aortic diastolic 
pressure: PC, = end-systolic pressure; PpS = aortic peak systolic pressure; Vcf, = rate-corrected velocity of shortening (circls). 

units (Fig. 1). With exercise, ejection fraction was main- 
tained or increased in 11 patients with diabetes (62 f: 4% to 
69 2 6%; p < 0.001). These patients, designated group 1, 
showed a mean ejection fraction change of 7 * 4% units. 
Their response was indistinguishable from the response in 
normal subjects. In contrast, the nine patients with diabetes 
in group 2 showed a marked exercise-induced reduction In 
ejection fraction (73 + 4% to 66 + 6%; p < 0.001). This 
abnormal response occurred in 45% of our cohort of patients 
with diabetes. Importantly, the 7 f 7% unit decline in 
ejection fraction that occurred in the group 2 patients was 
from a rest value of 73%. When compared with the rest 
ejection fraction for the normal subjects and group 1 patients 
with diabetes, the group 2 patients had much higher rest 
values (p c 0.001 versus normal subjects and group 1). In 
fact, none of the normal subjects or group 1 patients had a 
rest ejection fraction >69%, whereas eight of nine group 2 
patients with diabetes had rest values >70%. Despite these 
differences, the exercise ejection fraction values for the 
normal subjects and group 1 and group 2 patients with 
diabetes were similar (69 f 6%, 69 r 6% and 66 +- 6%, 
respectively). 

Baseline left ventricular contractility and response to after- 
load challenge (Table 2). With the study subjects in the 
supine position at the time of echocardiographic evaluation, 
there were no differences between the groups for baseline 
heart rate, systemic arterial pressure, left ventricular wall 
thickness, rate-corrected ejection time, overall ventricular 
performance (that is, percent fractional shortening or rate- 
corrected velocity of fiber shortening) or ventricular after- 
load (end-systolic wall stress). No significant differences 
existed between the groups of patients with diabetes for 
end-systolic and end-diastolic dimensions. When contractil- 
ity was determined using the a,,-Vcf, relation generated 

over a wide range of afterloads, no di!Terences between the 
normal subjects and group 1 and group 2 patients were 
evident. In all cases, the q.S-VcfC values fell within the 
previously reported 95% confidence limits for normal con- 
tractility 124). There were no differences between groups in 
the mean values for the slope of the a,,-Vcf, relations. 
Ventricular contractility was further quantified as the rate- 
corrected Vcf at a common level of fiber load, thereby 
eliminatmg afterload as a confounding variable (Fig. 2). 
There were no intergroup differences in Vcf, at an end- 
systolic wall stress of 50 g/cm*. Thus, baseline contractility 

Figure 2. Values for rate-corrected velocity of fiber shortening 
(Vcf,) obtained at a common end-systolic wall stress of 50 g/cm’. 
There were no differences between the normal and diabetic groups 
for baseline left ventricular contractility. 

BROUP 1 QROUP I 
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modynamic responses to 
normal subjects and both 

no change in left ventricular 
wall thickness, and 3) a dec 
systolic dimension and wah stress. The net result was a 
highly significant increase in overall ventricular perfor- 
mance. Assessment of the importance of afterload reduction 
and augmented contractility to the improvement in rate- 
corrected velocity of fiber shortening is shown in Figure 3. 
Panel A shows a plot of a,, versus Vcf, with the shaded area 
representing the 95% confidence limits for normal contrac- 
tility. The dashed lines are the mean regression data gener- 
ated by afterload challenge during baseline contractility 
conditions for each study group. In all cases, dobutamine 
shifted the Ir,,-Vcf, relation above the 95% confidence limits 
in a manner characteristic of a positive inotropic effect 
(24,28,32,34). For each subject, t 
and during dobutamine challenge 
obtained during the dobutamine I 
response was then quantified as the vertical deviation above 
the afterload challenge line (difference in Vcf, values). 
Figure 3B demonstrates that dobutami~e augmented left 
ventricular contractility to the same degree in normal sub- 
jects (0.26 2 0.07), group 1 patients with diabetes (0.24 t- 
0.05) and group 2 patients with diabetes (0.26 f 0.04). 

igure 3. Assessment of left ventricular (LV) contractile reserve as 
assessed by dobutamine infusion. No intergroup differences were 
noted. See text for detailed explanation. Vcf, = rate-corrected 
velocity of fiber shortening. 

rve 
car 

sent and the majority of patients bad a 
ight patients (four in each group) had 

unequivocal clinical features of autonomic dysfunction, that 
at least two of the following: gastro 

rhea, gustatory sweating, impotence and ort 
tension. In these patients, the expiratio~inspiratioa ratio 
was either subnormal (three in each group) or in the border- 
line range (one in each group), whereas in a 
it was within the normal range (Pig. 4). 
pressure response to handgrip exercise was i 
range in four of the eight patients with symptomatic auto- 
nomic dysfunction (two in each group) as well as in one 
asymptomatic group 1 patient, in the abnormal range in two 
symptomatic group 1 patients and normal in all others. 
Basehne contractility and the response to dobutamine were 
not influenced by the presence of autonomic neuropathy in 
either group. Furthermore, the high ejection fraction at rest 
in group 2 patients did not correlate with presence of 
autonomic neuropatby because it did not t in the five 
patients without and the four patients with evidence of 
autonomic dysfunction. 

Total glycosylated hemoglobin levels. The glycosylated 
hemoglobin levels for the group 1 and group 2 patients were 
similar (group 1, 10.9 -c 0.7%; group 2, 10.7 f 0.8%) and 
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F’igure 4. Autonomic nerve tests in patients with diabetes consisted 
of expiratory/inspiratory RR interval ratio as a measure of cardiac 
parasympathetic function and diastolic blood pressure response to 
handgrip exercise as a measure of peripheral sympathetic function. 
In both diabetic groups, a wide range of cardiovascular autonomic 
responses was present and the majority of patients had a normal 
response. 

significantly higher than normal (5.2 f 0.5%; p < 0.001). 
These levels, which reflect poor glycemic control, are rep- 
resentative of levels routinely encountered in the general 
diabetic population. 

F’unduscopic examination. No differences existed in the 
presence of retinal microangiopathy between the diabetic 
groups as detected by finduscopic examination. In group 1, 
6 (SS%j of 11 patients had evidence of retinal microangiop- 
athy whereas in group 2, 5 (56%) of 9 patients had such 
findings. Therefore, the difference in exercise ejection frac- 
tion response between the diabetic groups could not be 
accounted for by differences in small vessel disease. 

Discussion 
Prior studies of cardiovascular function in young adult 

patients with long-standing diabetes have considered the 
cardiovascular system as a black box with physiologic or 
pharmacologic perturbations as inputs and indexes of overall 
cardiac performance (such as ejection fraction and cardiac 
output) as the most commonly measured outputs. However, 
the abiity to differentiate abnormalities in overall cardiac 
performance due to alterations in ventricular contractility 
from those due to abnormal loading conditions is critical, 
because it is the magnitude of ventricular contractile dys- 

function in a given patient that determines much of the 
subsequent risk for cardiac symptoms. Accordingly, the 
ability to define the physiologic derangement in a given 
patient is important in order to understand and pursue 
appropriate therapeutic options. The current study, which 
used load-independent indexes to assess left ventricular 
inotropic state, demonstrated that baseline ventricular con- 
tractility and contractile reserve were normal in a cohort of 
patients ~40 years of age with long-standing diabetes melli- 
tus in the absence of ischemic heart disease regardless of 
their ejection fraction response to exercise. Neither the 
presence of autonomic dysfunction nor microvasculz ab- 
normalities (as assessed by funduscopic examination for 
retinal microangiopathy) correlated with abnormal radionu- 
elide studies. To interpret the physiologic importance of 
these results, it is useful to reevaluate the prior evidence for 
left ventricular contractile abnormalities in patients with 
diabetes. 

Assessment of baseline cm ity. Previous clinical 
studies of baseline left ventricular performance in young 
patients with diabetes have used systolic time intervals 
(l-5), echocardiography (1,2,6,7) and radionuclide angio- 
graphic methods (8,9). From all of these studies, it appears 
that baseline left ventricular contractility can be either 
normal or depressed in pediatric as well as adult patients 
with diabetes (10). However, proper interpretation of the 
data from these studies is diacult because all of the inves- 
tigators used traditional indexes of overall ventricular per- 
formance that are highly load dependent. Although these 
measurements are adequate to assess net ventricular func- 
tion, they are unable to separate changes in contractility 
from alterations in pnload and afterload. This is especially 
important in patients with diabetes, because they have been 
reported (36-39) to have abnormalities in ventricular preload 
or diastolic filling, or 

Assessment of left e reserve. A stan- 
dard method for assessing contractile reserve in patients 
considered at risk for cardiomyopathy is to quantitate the 
ejection fraction response to dynamic exercise. This tech- 
nique has been used in young adult patients with diabetes in 
an attempt to unmask cardiovascular abnormalities that are 
not evident under rest conditions. Mildenbergar et al. (8) 
performed radionuclide ventriculography at rest and during 
exercise in 20 patients with diabetes aged 21 to 44 years. 
None of these patients had evidence of coronary artery 
disease, systemic hypertension or any other cardiac abnor- 
malities. Results were compared with findings from 18 
age-matched normal subjects. There were no differences 
between the diabetic and control groups with respect to 
heart rate or left ventricular ejection fraction at rest. With 
exercise, ejection fraction decreased in 7 of the 20 patients 
with diabetes and 1 of the 18 control subjects. Ejection 
fraction response during exercise in the patients with diabe- 
tes did not correlate with age, gender, duration of diabetes, 
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le 3. Combine 

Normal 
Patienls With Diabeles 

Subjects (ALVEF > 0) ULVEF 5 0) 

Number of patients 48 45 25 
Left ventricular ejection fraction (LVEF) 

Rest conditions (%I 65 -+ 6 63 + 6 71 lr 5*s 
Peak exercise (%‘o) 75 t 88 72 + &I 65 c 6t8 
Change (% units) IO k 7 926 -6 rt 6*$ 

*p < 0.001, normal subjects versus patients with diabetes (ALVEF 5 0): ‘p < 0.017. normal subjects versus 
patients with diabetes (ALVEF 5 0); $p < 0.001, patients with diabetes and ALVEF > 0 versus patients with diabetes 
and ALVEF s 0: $p < 0.001, exercise versus rest LVEF. Based on data from References 8 and 9 and current study. 

bicycle exercise to study 30 
ues at rest an 

patients with diabetes in whom ventricular dysfunction 
noted, it was always of the global, diffuse ~~rrn without 
perfusion defects by thallium imaging. 
eluded that diabetes causes exert 
ventricular dysfunction in young p 
heart disease, Although these reports suggest that contrac- 
tile reserve is decreased in many asymptomatic patients with 
diabetes, careful analysis of the techniques used to acquire 
this information raises other possible interpretations of the 
data. As noted earlier, the acute physiologic adjustments to 
dynamic exercise that result in an increase in ejection 
fraction include peripheral vasodilation in exercising muscle, 
neurally mediated increases in sympathetic tone to the heart 
and periphery, release of catecholamines from the adrenal 
gland and changes in systemic venous tone influencing 
venous return and, subsequently, ventricular preload 
(11,12). Derangement of any one of these mechanisms can 
result in an abnormal ejection fraction response to exercise 
wben left ventricular contractile reserve is normal. 

The autonomic nervous system modulates the heart rate 
d blood pressure responses to dynamic exercise (11). 
ny investigators (40,41) have shown a kigb incidence of 

cardiac autonomic abnormalities involving both the para- 
sympathetic and sympathetic nervous systems in patients 
with diabetes, especially those with peripheral neuropathy. 
The expiratorylinspiratory ratio is widely regarded as a very 
sensitive and reproducible measure of cardiac autonomic 
involvement (23) and is usually abnormal before there are 

clinical ladings of cardiac or extracardiac autonomic dys- 
f~~ct~o~ in patients with iabetes. Although clinical and 
laboratory evidence of auto omit neuropathy was present in 

s, autonomic dysfunction in itse 

t influenced by the presence of auto- 

ecause 
baseline left ventricular contractility and reserve were nor- 
mal in our young adult patients with tiabetes, the explana- 
tion for the abnor esponse to upright 
dynamic exercise must lie with factors extrinsic to the 
contractile mechanism of the heart. One possibility would be 
sn abnormality in cardiopulmonary coup~img duri 
exercise. 

xygen consumption have been 
reported (42) to be normal in young adult patients with 
diabetes regardless of the presence of pe 
autonomic neuropathy. An observation t 
tant is the significantly higher upright rest ejection fraction 
present in those patients with diabetes who subsequently 
had a decreased ejection fraction with exercise. On retro- 
spective examination, a similar finding was present but not 
commented on in both of the prior studies (8,9) of left 
ventricular ejection fraction response to upright dynamic 
exercise performed in nonischemic normotensive young 
adult patients with diabetes. Table 3 summarizes the com- 
bined radionuclide angiographic data from the 70 patients 
with diabetes and 48 normal subjects studied with very 
similar experimental protocols by Mildenberger et al. (8), 
Vered et al. (9) and ourselves. Twenty-five diabetic patients 
(36% of the combined cohort) did not augment ejection 
fraction at peak exercise. Rest ejection fraction was signifi- 
cantly higher for these patients (p < 0.001) than for the 
normal subjects or patients with diabetes who had an in- 
crease in ejection fraction. 

These findings are consistent with the fact that one of the 
most important determinants of ejection fraction response to 
dynamic exercise is ejection fraction at rest. Indeed, when 
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T* 4. Etkts of Position on Heart Rate and OveraU Lefi 
Vea&&r Performance in Diabetic Patients 

Heart rate 0 

Group 1 
(n = 11) 

Group 2 
(n = 9) 

Supine 
upright 

Overall left ventricular Performance 

79k 10 81 +9 
81 + 14 93 + ll*t 

supine (SAD) 34.9 + 3.4 34.7 + 2.6 
u&t (al? 6224 13 + 4# 

*P c 8.01 versus supine; tp < O.OS, group 1 versus group 2: *P C O.@lh 
group 1 versus group 2; %,!&I = left ventricular percent fractional shortening; 
EF = left ventricular ejection fraction. 

rest ejection fraction is 270% in normal subjects, failure to 
incxase ejection fraction with exercise is a common occur- 
rence (43-46). As noted earlier, eight of nine group 2 patients 
with diabetes had rest ejection fraction values >70%. Why 
the! was rest ejection fraction increased in our group 2 
patients with diabetes? The answer may be explained by 
intergroup differences in the hemodyqan& response to 
assuming the upright position require&for the radionuclide 
srrdies. When the patients were studied in the supine 
position, no ditferences existed between the diabetic groups 
for heart rate, systemic blood pressures or overall ventricu- 
lar performance. However, when studied in the upright 
position, heart rate and overall ventricular performance 
were significantly higher in the group 2 patients with diabetes 
(Table 4). Importantly, these differences in hemody-ic 
response cannot be explained by intergroup differences in 
tests of cardiac autonomic function (Fig. 4). Abnormalities in 
ventr&lar diastolic chamber compliance can result in a 
decn;ased ejection haction response to exercise but cannot 
account for the elevated ejection fraction under upright rest 
conditions. 

One possible physiologic explanation for all of our find- 
ings would be the presence of abnormalities in systemic 
venous tone in the group 2 patients with diabetes. If, on 
assuming the upright position, the systemic venous bed 
failed to appropriately maintain blood return to the heart, a 
decrease in lef? ventricular preload would occur. This, in 
turn, could lead to an increase in cardiac sympathetic tone 
resulting in the observed increase in heart rate and rest left 
ventricular ejection fraction. With dynamic exercise, this 
abnormality in systemic venous return would be overcome 
by the pumping action of skeletal muscles in the lower limbs. 
This improvement in venous return, when coupled with 
normal left ventricular contractile reserve, appropriate pe- 
ripheral arteriolar dilation and a normally functioning adre- 
nal medulla, would result in normal ejectidn fraction values 
at peak exercise. Indeed, despite the augmented rest ejection 
fraction for the group 2 patients with diabetes, no intergroup 
aerences existed in our study patients for peak exercise 
ejection fraction. 

Conclusions. When left ventricular systolic function was 
studied with indexes that control heart rate and loading 
conditions, no evidence was found to support the presence 
of a cardiomyopathy in young adult patients with long- 
standing diabetes without hypertension or ischemic heart 
disease despite the presence of autonomic neuropathy. IIn 
these patients, an abnormal ejection fraction response to 
dynamic exercise was an unreliable measure of contractile 
reserve, and thus, it should not be used as the sole indication 
for further diagnostic investigation or supportive therapy for 
a preclinical cardiomyopathy. Although heart disease is 
common in the >lO million patients with diabetes in this 
country, and the results of the current study suggest that 
intrinsic abnormalities in ventricular contractility cannot be 
implicated in the associated morbidity and mortality. 

We thank Valerie L. Thorn and Dorothy J. Douglas for contributions lo the 
preparation of this manuscript, David P. James for illustrations, Dianne 
Altman for organizational skills and Glen Hallam for assislance with data 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

ces 
Shapiro LM, Leatherdale BA, MacKinnon J, Fletcher RF. Left ventric- 
ular function in diabetes mellitus: relation between clinical features and 
left ventricular function. Br Heart J 1981;45:129-32. 

Seneviratne BIB. Diabelic cardiomyopathy: the preclinical phase. Br 
Med J 1977;1:1444-6. 

Sasakawa 0, Fujii S, Nogi 0, et al. Left ventricular function in patients 
with diabetes mellitus. Jpn J Med 1984;23:34-8. 

Shapiro LM. Leatherdale BA, Coyne ME, Fletcher RF, MacKinnon J. 
Prospective study of hear! disease in untreated malurity onset diabetes. 
Br Heart J 1980.441342-8. 

Ahmed SS, Jaferi GA, Narang RM, Regan TJ. Preclinical abnormality of 
left ventricular function in diabetes mellitus. Am Heart J 1975;89:153-8. 

Avenavoli T, Rubler S, Fisher VI, Axelmd HI. Zuckerman KP. Exercise 
testing with myocardial scintigraphy in asymptomatic diabetic males. 
Circulation 1981;6354-64. 

Friedman NE, Levitsky LL, Edidin DV, Vitullo DA, Lacina SJ, Chiem- 
mongkoltip P. Echocardiographic evidence for impaired myocardial per- 
formance in children with type 1 diabetes mellitus. Am J Med 1982;73: 
84640. 

Mildenberger RR, Bar-Shlomo B, Druck MN, et al. Clinically unrecog- 
nized ventricular dysfunction in young diabetic patients. J Am Call 
Cardiol1984;4:234-8. 

Vered Z, Battler A, Segal P, et al. Exercise-induced left ventricular 
dysfunction in young men with asymptomatic diabetes meliitus (diabetic 
cardiomyopathy). Am J Cardiol 1984;54:633-7. 

Zarich SW, Nesto RW. Diabetic cardiomyopathy. Am Heart J 1989;118: 
1000-12. 

Braunwald E, Sonaenblick EH, Ross J Jr. Mechanisms of cardiic 
contraction and relaxation. In: Braunwaid E, ed. Heart Disease: a 
Textbook of Cardiovascular Medicine. 3rd ed. Philadelphia: WB Saun- 
ders, N&:417-20. 

12. David D, Lang RM. Borow KM. Clinical utility of exercise, pacing and 
pharmacological stress testin for the noninvasive determination of myo- 
cardial contractility and reserve. Am Heart J 1988;116:235-47. 



JAW Vol. 15. No. 7 
June 1990:1508-17 

BOROW ET AL. 
ANICS 1N YOUNG ADULT 

1517 
TXX 

ss J Jr. Contra! of cardiac performance. In: Bern 
Snerclakis N. Geimr SR. eds. andbook of Phvsioloev: the Cardiovas- 

22. Ewing DJ, Martyn CN, Young RJ, Clarke RF. The value of cardiovas- 
cular autonomic function tests: 10 years’ experience in diabetes. Diabetes 
Care 1985;8:491-8. 

23. Genovely H, ifer variation: The autonomic test of choice in 
diabetes. Diabetes Metab Rev 198&J:255-71. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

Colan SD, Borow KM, Neumann A. Left ventricular end-systolic wall 
stress-velocity of fiber shortening relation: a load-independent index of 
myocardial contractility. J Am Coil Cardiol 1984$715-24. 

Golan SD, Rorow KM, Neumann A. Use of the calibrated carotid pulse 
tracing for cnlculation of left ventricular pressure and wall stress through- 
out ejection. Am Heart J 1985;169:1306-I I. 

Bmdie BR, McLaurin LP, Gmssaan W. Combined hemodynamic- 
ultrasonic method for studying lebi ventricuhu wall stress: comparison 
with angiography. Am J Cardiol 1976;37:&54-70. 

Borow KM, Neumann A, Lang RM, Sareli P. Marcus R. Rajfer SI. 
Assessment of left ventricular contractility in dilated cardiomyopathy: 
comparison of non-ejection phase indices (abstr). J Am Call Catdiol 
198&l I(suppl A):l2lA. 

Bomw KM, Neumann A, Lang RM. Mione vs dobutamine: contribu- 
tion of afterload reduction and augmented inotropic state to improved left 
ventricular performance. Cbculation 1986,73(sttppl IH):JB-153-61. 

Graham TP, Franklin RCG, Wyse RK, Gooch V, Deanfield JE. Left 
ventricular wail stress and contractile function in childhood: normal 
values and comparisons of Fontan repair versus palliation only in patients 
with tricuspid atresia. Circulation 1%74(suppl I):I-61-9. 

Carabello BA, Williams H, Gash AK, et al. Hemodynamic predictors of 

cular System: B&more:. Williams W~~k~~S, Ib79;1:%%-t. 

Clinical assessment of contractility in the symmetrically 
Mod Concepts Cardiovasc Dis 19!%;57:29-34. 

Costin JC, et al. Assessment of cardiac 
ive radionuclide an~o~rdiog~phy: sequen- 

tial left ventricular ejection fraction, normalized left ventricular ejection 
rate, and regional wah motion. Circulation ~977;56:~2~-9. 

16. Rerych SK, Scholz PM, Newman GE, Sabiston 
Cardiac function at rest and during exercise in nor 

n by radionuclide angiocardiog- 

ow AG. The direct effect 
on myocardial contfac- 

diabetes mellitus. Rr Med J 1979;1:924-5. 

Med 1980$2:308-I I. 
20. Sundkvist 6, Lilja Autonomic neuropathy in diabetes mellitus: a 

follow-up study. Diabetes Care 1985;8:129-33. 

21. Smith SA. Reduced sinus arrhythmia in diabetic autonomic neurop 
diagnostic value of an age related normal range. Br Med J 1987:285:1 
1601. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

outcome in patients undergoing valve replacemer , Circulation )9&;74: 

Sanders SP, ~ngel~nger JR, Left vent~cul~ 
and contractile state in childre adults with end- 

stage renal disease: effect of dialysis and renal transplantation. J Am Cog 
Cardiol 1987;Rk1685-94. 

, Lang RM, Neumann A, Carroll JD. Rajfer SL physiologic 
mechanisms governing the hemodynamic responses to positive inotropic 
therapy in dilated cardiomyopathy. Circulation 1988;77:625-37. 

Lang RM, Borow KM. Neumann A, Bushinsky DA, Fellner SK. Left 
ventricular contractility varies directly with blood ionized calcium. Ann 
Intern Med 1988;lC&524-9. 

Borow KM, Neumann A, Arensman FW, Yacoub MM. Cardiac and 
~erl~bera~ vascular responses to adrenoceptor stimnlation and blockade 
after cardiac transplantation. J Am Cog Cardiol 1989;)4:1229-38. 

Lang RM, Borow Neumann A. Janzen D. Systemic vascular 
resistance: an unrel index of left ventricular afterload. Circulation 
1986;74: 1114-23. 

egan TJ, Lyons MM, Abmed SS, et al. Evidence for cardiomyopathy in 
familial diabetes mellitus. J Clin Invest 1977*60:885-99. 

egan TJ, Wu CF, !feh CK, Qldewurtel 
composition and function in diabetes: the effects of chronic insulin use. 
Circ Res 1981;49:1268-77. 

Kahn JK. Zola B, Juni JE, Vini AI. Radionuclide assessment of left 
ventricular diastolic filling in diabetes mellitus with and without cardiac 
autonomic neuropathy. J Am Colt Cardiol 19~731303-9. 

&rich SW, Arbuckle BE, Cohen LR, Roberts M, Nest0 RW. Diastolic 
abnormalities in young asymptomatic diabetic patients assessed by pulsed 
Doppler echocardiography. J Am Colt Cardiol 1988;12:114-20. 

Lloyd-Mostyn RH, Watkins PJ. Defective innervation of the heart in 
diabetic autonomic neuropathy. Br Heart J 1975;3:15-7. 

Hume L, Ewing DJ. Campbell IW. Reuben SR, Clarke BF. Non-invasive 
assessment of left ventricular response to Valsalva manoeuvre in normal 
and diabetic subjects using praecordial accelemcardiograpby. Br Heart J 
1979;41:199-230. 

KremserCB, Levitt NS, Borow KM, et al. Oxygen uptake kinetics during 
exercise in diabetic neuropathy. J App) Physiol 1988;65:2665-71. 

43. Gibbons RJ, Lee KL, Cobb F, Jones RH. Ejection fraction response to 
exercise in patients with chest pain and normal coronary arteriogmms. 
Circulation 1981;64:952-7. 

44. Foster C, Dymond DS, Anholm ID. Pollock ML, Schmidt DH. Effect of 
exercise protocol on the left ventricular response to exercise. Am J 
Cardiol 1983;51:859-64. 

45. Osbakken MD, Okada RD. Boucher CA, Strauss HW. Pohost GM. 
Comparison of exercise perfusion and ventricular function imaging: an 
analysis of factors affecting the diagnostic accuracy of each technique. J 
Am Coll Cardiol 1984;3:272-83. 

46. Rozanski A, Diamond GA, Jones R, et al. A format for integrating the 
interpretation of exercise ejection fraction and wall motion and its 
application in identifying equivocal responses. J Am Coil Cardi0ll985;5: 
238-48. 




