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Summary

Radionuclide ventriculographic studies were performed at rest and during exercise in 15 middle-
aged asymptomatic patients with non-insulin-dependent diabetes mellitus (NIDDM) whose mean
age was 58.7+10.5 years (mean+SD), and in 10 age- and sex-matched normal control subjects. The
patients had neither clinical evidence of cardiovascular diseases nor obvious perfusion defects during
maximal exercise testing with thallium-201 myocardial scintigraphy. The average left ventricular
ejection fraction (LVEF) at rest was 69.145.3% in the diabetic patients and 65.6+4.29, in the control
subjects, and during exercise, the average LVEFs were 68.3+6.9% and 72.1+5.0%, respectively.
The changes in LVEF during exercise were —0.7+7.6%, in the diabetic group and +6.5+2.6%,
in the control group (p<0.01). However, the filling fraction during the first third of diastole at
rest was significantly less in the diabetic group than in the control group (p<0.05), the time to peak
filling rate (TPF) was longer, and the TPF/R-R, normalized by the R-R interval and expressed as a
percentage, was greater in the NIDDM patients than in the control subjects. There was close correla-
tion between the abnormal response of LVEF to exercise and the reduced early diastolic filling in the
diabetic patients.

We concluded that 1) not only the response of LVEF to exercise but also the early left ventricular
diastolic filling at rest are impaired in middle-aged asymptomatic NIDDM patients, and 2) some
common factors could cause dysfunction of both the systolic and diastolic left ventricles in NIDDM
patients, possibly latent global myocardial ischemia or metabolic myocardial disturbances.
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Introduction

The incidence of congestive heart failure is
relatively high in patients with diabetes mel-
litus!~® and an increasing number of studies
have proved that cardiac dysfunction occurs
in diabetic patients with normal coronary
arteries%®, however, the causes of these abnor-
malities are still unclear. Some authors®? have
suggested the presence of a specific diabetic
cardiomyopathy. Rubler et al® reported 4 adult-
onset diabetics who had cardiomegaly and
congestive heart failure in the absence of major
coronary artery disease or hypertension. Hamby
et al? observed a high incidence of diabetes
mellitus in their series of patients with
idiopathic cardiomyopathy. It has been pro-
posed that the metabolic derangements of dia-
betes impair left ventricular function®® . Several
investigators have shown that abnormalities of
left ventricular systolic®-14 or diastolic8,15-19
function or both® are common in diabetics
even without coronary artery disease or clini-
cal manifestations of congestive heart failure.
Abnormalities of left ventricular function have
been observed in diabetics at rest$920:20)
and also during exercise!®¥, Whether these
abnormalities result from microangiopathy in
the heart or from metabolic derangements in-
herent in diabetes mellitus remains unclear.

Previous studies to detect subclinical left
ventricular dysfunction have been made mainly
on young asymptomatic patients with insulin-
dependent diabetes mellitus (IDDM). There
are few reports dealing with left ventricular
systolic and diastolic function in middle-aged
asymptomatic patients with non-insulin-de-
pendent diabetes mellitus (NIDDM)!41® . The
present study is the first to examine the rela-
tionship between systolic and diastolic dysfunc-
tion in individual diabetics. If there is any
relationship, it may prove that systolic and
diastolic dysfunction in diabetics have some

factors in common. In the present study, we
used submaximal exercise testing combined
with radionuclide ventriculography to investi-
gate left ventricular systolic and diastolic func-
tion in middle-aged asymptomatic NIDDM
patients without signs of ischemic heart disease
or any other cardiovascular disease.

Methods
Study subjects

Fifteen middle-aged asymptomatic NIDDM
patients, 8 males and 7 females, who ranged in
age from 40 to 75 years and whose mean age
was 58.7 +10.5 years, were selected for the pre-
sent study from 47 diabetics.

History, physical examination, electrocardio-
graphy at rest and chest radiography were used
to exclude patients with cardiac or pulmonary
disease, endocrine disorders or alchoholism, or
patients receiving drugs which might affect
their cardiac performance. The exclusion criteria
for patients were excluded if they had any
abnormalities on physical examination or by
electrocardiography or chest radiography, a
systolic blood pressure above 160 mmHg or a
diastolic pressure above 95 mmHg, renal insuf-
ficiency, abnormal blood urea nitrogen or cre-
atinine levels, or more than 209, excess over
ideal body weight. Those who were suspected of
having coronary artery disease were excluded
from the results of maximal exercise testing
with thallium-201 myocardial scintigraphy, as
described below.

The duration of diabetes mellitus of the
subjects ranged from 3 to 22 years, with a mean
duration of 9.1+7.5 years. Six patients received
oral antidiabetic agents, 4 were treated by diet
alone, and 5 were treated with insulin 8 to 12
units per day. Glycosylated hemoglobin con-
centrations (normal values <8.0%) ranged
from 8.5 to 15.69,, with a mean value of 10.4
+2.0%. Two of 15 patients had proliferative
retinopathy and 3 of them had proteinuria
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Table 1. Clinical features of 15 diabetic patients
Case  Age (1) Doration oy Treatment Heb Al Retinopathy  Srinary
1 57 F 7 Diet 8.5 (=) (=)
2 41 F 22 I 12.5 (=) (=)
3 71 F 6 Diet 9.4 (=) (=)
4 59 F 3 Diet 11.7 (=) (=)
5 55 M 4 OA 11.4 (=) (=)
6 74 M 20 I 10.2 (+) (=)
7 66 M 20 I 15.6 (+) (+)
8 60 F 9 OA 12.0 (=) (=)
9 51 F 7 OA 10.4 (=) (+)
10 56 M 7 OA 9.2 (=) (=)
11 66 M 9 I 9.0 (=) (+)
12 53 M 6 OA 8.8 (=) (=)
13 41 M 11 OA 8.8 (=) (=)
14 73 F 18 I 9.9 (=) (=)
15 51 M 3 Diet 8.9 (=) (=)

F=female; M=male; I=insulin; OA=oral agent; Hgb Al=glycosylated hemoglobin A1l.

(Table 1).

Ten age- and sex-matched healthy control
subjects consisting of 5 males and 5 females
whose mean age was 61.7 +14.4 years were also
studied for comparison. None of the control
subjects had evidence of heart disease, based on
history, physical examination, electrocardio-
graphy and chest radiography. None presented
any obvious perfusion defects on maximal exer-
cise testing with thallium-201 myocardial scinti-
graphy and none had angina or significant ST
shifts on their 12-lead electrocardiograms dur-
ing exercise.

Myocardial scintigraphy

Subjects were studied in the postabsorptive
state. A standard multistage exercise was per-
formed with a motorized ergometer by simul-
taneous recording of a 12-lead electrocardio-
gram. The exercise load was begun at 20 W for
one min, then increased by 20 W increments
every min until symptoms such as leg fatigue
occurred. One min before termination of the
exercise, a bolus of 111 MBq thallium-201 was
injected intravenously. Blood pressure and 12-
lead electrocardiograms were recorded every

min. Images were obtained twice within 5 min
after exercise (early imaging) and 4 hours later
(delayed imaging).
Radionuclide ventriculography

All patients underwent multigated radio-
nuclide ventriculography with simultaneous
electrocardiographic tracings. Twenty min
after the intravenous administration of 148 MBq
stannous pyrophosphate, 925 MBq technetium
pertechnetate was injected intravenously for in
vivo labeling of red blood cells. Imaging was
performed in a supine position, using a mobile
gamma camera equipped with a multipurpose
collimator and built-in a computer system
(General Electric, Starcam, 400 AC/T). Imaging
was performed in the left anterior oblique pro-
jection. Eighty percent of the total workload on
maximal exercise testing with thallium-201
myocardial scintigraphy was adopted as an ap-
propriate workload. Each cardiac cycle was
divided into 24 frames on a 64 X 64 matrix. Four
hundred cardiac cycles at rest and at least 200
cardiac cycles during supine bicycle exercise
were collected and stored by ECG gating.
Ectopic beats were excluded from the data.
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EF(%)=(C1-C2)/C1x100
TES(msec)=T1
PER(EDV/sec)=-D1/C1/S1x100
TPE(msec)=TD1
PFR(EDV/sec)=D2/C1/S1x100
TPF(msec)=TD2
1/3EF(%)=(C1-C3)/C1x100
1/3FF(%)=(C4-C2)/(C1-C2)x100
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Fig. 1. Radionuclide ventriculographic measurements and calculations.

EF =ejection fraction; TES =time to end-systole; PER =peak ejection rate; TPE=time to peak
ejection rate; PFR =peak filling rate; TPF =time to peak filling rate; FF =filling fraction; S1=sam-
pling time; C1-C4=EDC and ESC counts at the 1/3FF and 1/3 EF, respectively; D1, D2=
maximum values of negative dv/dt during systole and positive dv/dt during diastole, respectively.

During exercise, stabilization of heart rate
was achieved within one min and before data
acquisition. Left ventricular time-activity curves
obtained from the cardiac image sequence of
variable left ventricular and background regions
of interest exhibited excellent temporal resolu-
tion and were used to represent measurements
of relative left ventricular changes with time
throughout the average cardiac cycle. Left ven-
tricular time-activity curves were reconstructed
from the first 4 Fourier harmonics. First de-
rivative curves (dv/dt) of these time-activity
curves were obtained throughout the entire
cycle with a computer. A maximum value of
negative dv/dt during systole was defined as the
peak ejection rate. A maximum value of positive
dv/dt during diastole was defined as the peak
filling rate. The following indexes were ob-
tained from the time-activity and first derivative
curves (Fig. 1).

Systolic phase indexes: 1) Ejection fraction=
(EDC—-ESC)/(EDC—BG)x 100, where EDC,
ESC and BG are end-diastolic, end-systolic and
background counts, respectively. 2) Left ven-
tricular ejection time (msec)=the time interval
between the electrocardiographic R wave and

the frame with minimum counts at which the
dv/dt value was zero. 3) 1/3 ejection fraction=
ejection fraction during the first third of systole.
4) Peak ejection rate (EDV/sec)=peak ejection
rate normalized to end-diastolic counts, where
EDV is end-diastolic volume. 5) Time to peak
ejection rate (msec)=the time interval between
the electrocardiographic R wave and the peak
negative dv/dt.

Diastolic phase indexes: 1) Peak filling rate
(EDV/sec)=peak filling rate normalized to end-
diastolic counts. 2) Time to peak filling rate
(msec)=the time interval between the end-sys-
tolic and the peak positive dv/dt. 3) 1/3 filling
fraction=filling fraction during the first third
of diastole.

Statistical analysis

All variables of the control subjects and dia-
betic patients were compared using the un-
paired t-test, and all variables obtained at rest
and during exercise were compared by the
paired t-test. A p value of less than 0.05 was
considered statistically significant. All data
were expressed as means +standard deviations.
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Table 2. Indexes at rest and peak exercise

At rest At peak exercise
HR SBP HR SBP PRP TWL
(beats/min) (mmHg) (beats/min) (mmHg) (x10%) (watts)
Control subjects (n=10) 62+11 129+14 123433 178+18 2.2+0.8 441+231
Diabetics (n=15) 67+9 135+18 124425 199+37 2.5+0.9 485+230

Values are means+SD.

HR =heart rate; SBP=systolic blood pressure; PRP=pressure-rate product; TWL=total workload.

Results

1. Exercise capacity

There was no difference between the diabetic
and control groups with respect to heart rate
and blood pressure at rest. Termination of
exercise was determined by signs of exhaus-
tion, such as leg fatigue, in all subjects. None
experienced chest pain, myocardial scinti-
graphic defects or electrocardiographic changes.
Both groups attained similar total workloads,
peak heart rates, peak blood pressures and
pressure-rate products. There was no signi-
ficant difference between the diabetic and con-
trol groups with regard to exercise capacity
(Table 2).
2. Ejection fraction

No regional wall motion abnormalities in
phase and amplitude analysis of the radionu-
clide ventriculography were observed in any
subjects in either group at rest or during exer-
cise. The left ventricular ejection fraction
(LVEF) was 609, or more in all NIDDM pa-
tients. The average LVEF at rest was 69.1+
5.3%, in the NIDDM patients and 65.6+4.29%,
in the control subjects, and it was higher in the
diabetic group than in the control group, but the
difference was not significant. During exercise,
the average LVEF changed to 68.3 +6.99, in the
former and 72.1+5.0%, in the latter, but the
difference also was not significant. LVEF of the
control group increased significantly with exer-
cise (p<0.01), however, that of the diabetic
group remained unchanged (Fig. 2).

The average change in LVEF with exercise
was —0.7+7.6% in the diabetic group and

P<0.01 NS
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Fig. 2. The response of LVEF to exercise.

The average LVEF at rest was 69.1+5.3% in the
NIDDM patients and 65.6+4.2% in the control sub-
jects. On exercise, the average LVEF changed to 68.3
+6.9% and 72.1+5.0%, respectively. LVEF of the
control group increased significantly (p<0.01), but
that of the diabetic group did not.

50

+6.5+2.6%, in the control group, with the dif-
ference being significant (p<0.01) (Fig. 3). If
a normal response of LVEF to exercise can be
defined as an increase of more than 49, dur-
ing exercise, 12 of the 15 NIDDM patients
(80%,) and 2 of the 10 control subjects (209,)
were considered abnormal.
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Fig. 3. Average change in LVEF with exercise.
The average change in LVEF with exercise was
—0.7+£7.6% in the diabetic group and +6.5+2.6%
in the control group with the differences being sig-
nificant. If a normal response of LVEF to exercise
was defined as an increase of more than 4% during
exercise, 12 of 15 NIDDM patients (80%) and 2 of
10 control subjects (20%) were regarded abnormal.

Statistically, there was no correlation be-
tween an abnormal response of LVEF to exer-
cise and the various clinical variables, such as
age, duration of diabetes, glycosylated hemo-
globin concentration, diabetic complications,
heart rate or blood pressure at rest or during
exercise, pressure-rate product, total workload or
ejection fraction at rest in the NIDDM patients.

Ejection fraction during the first third of
systole (1/3 EF) at rest was significantly higher
in the diabetic group (25.5+6.59%,) than in the
control group (19.9+3.19%) (p<0.01) (Table 3).

Among the NIDDM patients, 7 diabetic
patients with 1/3 EF of more than 259, (patients
3,4,5,6, 7, 8 and 10) had higher glycosylated
hemoglobin concentrations (11.49%) than did
the other 8 patients with 1/3 EF of 25%, or less
(9.6%,). Global LVEF at rest was 73.3+2.8%,

Table 3. Radionuclide ventriculographic data

Control

subjects Diabetics
(n=10) (n=15)

EF (%) Re 65.6+4.2 69.1+5.3

Ex 72.1+5.0° 68.3+6.9
dEF (%) +6.5+2.6 —0.7+7.6%*
TES (msec) Re 373+38 371+41

Ex  296+25 289+332
TES/R-R (%) Re 38.3+6.9 41.5+3.7

Ex 47.8+5.42 49.2+5.7°
PER (EDV/sec) Re  3.4640.45 3.48.0.41

Ex 4.25+1.05> 4.17+0.80®
TPE (msec) Re 163+21 150+22

Ex 118+332 100+ 352
TPE/R-R (%) Re 16.6+2.7 16.9+2.7

Ex 18.8+5.3 17.2+6.9
PFR (EDV/sec) Re 2.81+0.56 3.02+£0.74

Ex 4.97+1.14* 5.43+1.18%
TPF (msec) Re 159+56 181452

Ex  128+39 123+262
TPF/R-R (%) Re 16.1+5.5 20.4+7.2

Ex 20.2+4.2 21.1+3.2
1/3 EF (%) Re 19.9+3.1 25.5+6.5%*

Ex 29.8+6.0% 27.3%£5.9
1/3 FF (%) Re 45.9+12.1 35.5+£14.1*

Ex 24.4+6.8 18.7+7.6*

Values are means+SD.

* p<0.05; ** p<0.01, compared with the values
of the control group.

2 p<0.05; ® p<0.01, compared with the values at
rest.

EF =ejection fraction; dEF =change in LVEF with
exercise; TES=time to end-systole; TES/R-R=
TES normalized by the R-R interval and expressed
as a percentage; PER=peak ejection rate; TPE=
time to peak ejection rate; TPE/R-R=TPE nor-
malized by the R-R interval and expressed as a
percentage; PFR=peak filling rate; TPF=time to
peak filling rate; TPF/R-R=TPF normalized by the
R-R interval and expressed as a percentage; 1/3
EF =ejection fraction during the first third of systole ;
1/3 FF=filling fraction during the first third of
diastole; Re=rest; Ex=exercise.

— 432



LV dysfunction in NIDDM

Table 4. Radionuclide ventriculographic data of each patient

EF (%) 1/3 EF (%) 1/3 FF (%) TPF (msec) TPF/R-R (%)
Case dEF (%)
At rest On exercise At rest
1 68 65 -3 25 32 220 23.5
2 64 74 10 21 50 116 12.6
3 77 65 —12 28 30 280 27.1
4 75 64 —-11 39 18 288 37.5
5 74 68 —6 27 31 165 20.9
6 73 78 5 27 48 153 12.5
7 68 69 1 31 52 135 12.6
8 72 75 3 35 41 144 16.6
9 62 55 -7 24 10 198 25.1
10 74 77 3 28 40 132 12.5
1 73 71 -2 25 55 152 16.7
12 65 63 -2 17 11 210 29.0
13 60 75 15 16 41 148 16.8
14 66 69 3 23 32 170 21.0
15 65 57 —8 17 42 210 21.0

Abbreviations : see Table 3.

and 65.4+3.9%,, respectively (p<0.05) (Table
4).
3. Diastolic filling

Left ventricular diastolic filling at rest was
also impaired in the NIDDM patients. The fill-
ing fraction during the first third of diastole
(1/3 FF) at rest was significantly lower in the
diabetic group (35.5+14.19%,) than in the control
group (45.9+12.1%) (p<0.05). The time re-
quired to attain peak filling rate (TPF) at rest
was longer in the NIDDM patients than in the
control subjects. This remained true even when
the TPF was normalized by the R-R interval
and expressed as a percentage (TPF/R-R). The
peak filling rate (PFR) was slightly higher in
the diabetic group than in the control group.
The 1/3 FF differed significantly between the
2 groups and the other indexes showed no sta-
tistically significant difference (Table 3).

No statistical correlation was observed be-
tween 1/3 FF, TPF or TPF/R-R in the NIDDM
patients and the various clinical variables, such
as age, duration of diabetes, glycosylated hemo-
globin concentration, presence of retinopathy or

nephropathy, heart rate or blood pressure at rest
or during exercise, pressure-rate product, total
workload or ejection fraction at rest.

Among the NIDDM patients, the average
change in LVEF with exercise was —5.4+5.3%,
in 7 diabetic patients with 1/3 FF of less than
35%, at rest (patients 1, 3, 4, 5, 9, 12 and 14),
while that of the other 8 patients with 1/3 FF of
35%, or more at rest was +3.4+7.0%, (p<0.05).
LVEF decreased with exercise in 6 diabetic pa-
tients with 1/3 FF of less than 359, at rest, ex-
cept for patient 14. Similarly, the average TPF
at rest was longer and the average TPF/R-R at
rest was greater in 7 diabetic patients with
reduced early diastolic filling than in the other
8 patients, 219449 vs 149428 msec (p<0.01)
and 26.3+5.8 vs 15.2+3.19% (p<0.01), re-
spectively. LVEF at rest and glycosylated hemo-
globin concentrations were not significantly
different between these 2 subgroups of the
NIDDM patients; 69.6 vs 68.6%, and 10.0 vs
10.8%, respectively (Table 4).
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Discussion

Coronary artery disease is one of the most
well-known diabetic complications?2:28, Coro-
nary angiography is an accurate and practical
diagnostic procedure, but it must be used very
carefully since it is an invasive procedure. We
carefully selected the patients who were free
of cardiovascular disease or factors other than
diabetes that might alter left ventricular func-
tion. Maximal exercise testing combined with
thallium-201 myocardial scintigraphy was used
to exclude coronary artery disease from this
study. However, it is somewhat difficult to de-
tect three-vessel coronary artery disease with
global myocardial ischemia even by maximal
exercise testing with thallium-201 myocardial
scintigraphy.

In the present study, there was no significant
difference between the exercise capacities of the
NIDDM patients and the control subjects. The
results of our previous studies indicated that
LVEF was maintained at rest, but decreased or
did not increase during exercise in 80%, of the
NIDDM patients but in 209, of the control sub-
jects. This difference in the incidence of abnor-
mal LVEF responses to exercise between our
study and previous studies (42-729%,)10-1% may
be due to different background of the 2 diabetic
populations. Our patient group consisted of
middle-aged asymptomatic NIDDM. The value
of the average change in LVEF with exercise in
the control group (6.5+2.69,) was also lower
than that in the control group of the previously
reported studies (10-159,)10-14, The abnormal
LVEF response to exercise may be related to
the use of a supine bicycle during exercise.

Subclinical impairment of left ventricular
function in asymptomatic diabetic patients has
been suggested based on the findings of echo-
cardiography?®16-20) | systolic time intervals%16
and radionuclide ventriculography!-1®  but the
causes of these abnormalities remain unclear.
In fact, various factors have been considered
capable of producing impairment of left ven-
tricular function in asymptomatic diabetic pa-
tients, such as metabolic factors?, microangio-

pathy®%182) - peuropathy!® and latent coro-
nary artery disease?®. However, since these
factors are often present simultaneously in
diabetic patients, it is difficult to assess each
factor’s contributions.

A decrease in LVEF on exercise is a sensitive
index of coronary artery disease?#?». Diffuse
global microvascular circulation disturbance is
present in various organs in diabetes due to
microangiopathy or hyperviscosity of the blood.
The shift to the left of the oxygen hemoglobin
dissociation curve by glycosylated hemoglobin
is partly due to the reduction in the oxygen
supply to the myocardial cells, as well as cells of
other organs affected by diabetes mellitus26-28,
One possible explanation of an abnormal LVEF
response to exercise could be latent global myo-
cardial ischemia not due to coronary artery
disease, because it is very difficult to detect
global myocardial ischemia and three-vessel
coronary artery disease on maximal exercise
testing with thallium-201 myocardial scinti-
graphy.

In the NIDDM patients, no statistical correla-
tion was observed between an abnormal LVEF
response to exercise and the various clinical vari-
ables, such as age, duration of diabetes, glyco-
sylated hemoglobin concentration, retinopathy
or nephropathy, heart rate or blood pressure at
rest or on exercise, pressure-rate product, total
workload or ejection fraction at rest. Reasons
for these findings could be as follows: 1) equi-
vocal onset of NIDDM, 2) the relatively wide
range of ages, and 3) inclusion of few severely
complicated diabetic patients; only 2 patients
with retinopathy and 3 with proteinuria.

Several investigators have reported a condi-
tion of cardiac hyperfunction®-%? or tissue hy-
perperfusion in the kidneys®®, brain®, retina3
and subcutaneous tissue®®, particularly under
poor metabolic control. We consider that there
was cardiac hyperfunction in the NIDDM pa-
tients, especially in those with poor metabolic
control, according to the results of radionuclide
ventriculography. The 1/3 EF at rest was signifi-
cantly higher in the diabetic group than in the
control group (p<0.01). Although there was no
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Diabetes Mellitus
(poor metabolic control)

v

glycosylated hemoglobin concentration4
hyperviscosity, microcirculation disturbance

!

> generalized tssue hyporia { T gl gl sthen
v ,
tissue hyperperfusion cardiac hyperfunction
accumulation of glycoprotein and collagen 1/3EF A
L and increased fibrosis -1 (LVEF at rest4)
in various organs involving the heart '
¢  J : \ 4
Diastolic Dysfunction e > Systolic Dysfunction
1/3FFY, (PFRY), TPFA, TPF/R-RA abnormal response of LVEF to exercise

Fig. 4. Schematic diagram showing the mechanism of systolic and diastolic left ven-
tricular dysfunction in the middle-aged asymptomatic NIDDM patients.

Abbreviations : see Table 3.

statistically significant difference, the value of
LVEF at rest was higher in the diabetic group
(69.1%) than in the control group (65.6%,).

Thuesen et al*® suggested that cardiac hy-
perfunction is not a consequence of an increase
in the myocardial contractile state, but rather is
secondary to a reduced afterload. Cardiac hy-
perfunction, particularly in early systole, in our
diabetic patients may support the findings of
their report. Parving et al®” suggested that hy-
perperfusion and decreased precapillary resist-
ance play a role in the genesis of diabetic
microangiopathy, because hyperperfusion and
decreased precapillary resistance result in in-
creased hydrostatic capillary pressure and ex-
travasation of plasma proteins.

“We also observed impairment of left ventric-
ular diastolic function at rest in the NIDDM
patients. The prolonged isovolumic relaxation
period reported in the previous studies’1819
might affect early diastolic filling and show a
diminished early diastolic filling fraction. We
suspect that reduced early diastolic filling may

result in prolongation of the time required to at-
tain peak filling rate. In fact, the 1/3 FF at rest
was significantly lower in the diabetic group than
in the control group (p<0.05). Accordingly,
the TPF at rest was longer and the TPF/R-R
normalized by R-R interval and expressed as a
percentage was larger in the NIDDM patients
than in the control subjects. However, the PFR
in the NIDDM patients was not lower than that
of the control subjects, which differed from the
results of the previous studies!s-19, This differ-
ence may be attributed to the differences in the
study population.

Although abnormalities of diastolic function
have frequently been observed, the pathogenesis
of these abnormalities has not been determined.
Regan et al® reported the accumulation of
periodic acid-Schiff (PAS) staining material
(glycoprotein) in the interstitium. The accumu-
lation of cholesterol and triglycerides in myo-
cardial cells and glycoprotein and collagen in
the myocardial interstitium®8® may lead
to a decrease in left ventricular compliance,
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and increased fibrosis of the myocardial inter-
stitium!®®» may result in greater stiffness of
the myocardium. These histological changes
may impair relaxation or distensibility of the
left ventricle in early diastole.

Latent global myocardial ischemia may also
play a role in left ventricular diastolic dysfunc-
tion. Radionuclide analysis of diastolic filling
in patients with coronary artery disease has
been found to be a highly sensitive technique
for detecting diastolic abnormalities preceding
the appearance of systolic abnormalities0~43.

In the present study, close correlation was
observed between an abnormal response of
LVEF to exercise and reduced early diastolic
filling among the NIDDM patients. This sug-
gests that there may be some common factors
between these systolic and diastolic abnormali-
ties. It is very difficult to provide direct evidence
of latent global myocardial ischemia, but we sug-
gest the possible mechanism of systolic and di-
astolic left ventricular dysfunction in the mid-
dle-aged asymptomatic NIDDM patients as
shown in Fig. 4.

Despite the normal ejection fraction at rest
in the NIDDM patients, left ventricular diastol-
ic filling was already impaired in the diabetic
patients in the present study as well as in the
previous studies!®!?, suggesting that abnormali-
ties in left ventricular diastolic function may be
an earlier sign of diabetic myocardial disease
than impaired systolic function at rest.

Few patients in the present study had severe
diabetic complications. Different results might
have been obtained using another subset group
of diabetic patients with, for example, severe
complications or differing degrees of metabolic
control.

Our study had some limitations. Our patient
group was heterogeneous. However, it is very
difficult to select a homogeneous subgroup of
NIDDM, because the onset of NIDDM is
equivocal and various factors are often present
simultaneously. We used hemoglobin Al con-
centration as an index of metabolic control
level with NIDDM.

Further studies are necessary to elucidate

the factors and mechanisms responsible for
systolic and diastolic left ventricular dysfunc-
tion in diabetics.
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