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Left ventricular function in diabetes mellitus
II: Relation between clinicalfeatures and
left ventricular function
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SUMMARY We have shown a close relation between clinical microvascular complications and abnor-
malities of left ventricular function in 185 established diabetics without clinical heart disease.

In 50 insulin-dependent diabetics who presented at under 20 years of age there was a correlation
between the duration of diabetes and the isovolumic relaxation time, minimal dimension to mitral valve
opening, and ratio of pre-ejection period to left ventricular ejection time.

Diabetics with mild microvascular complications were similar to diabetics with no complications
except for minor prolongation of the diastolic time intervals. Those with severe complications were

significantly different from diabetics with milder complications and normal controls in all variables of
left ventricular function.

A close relation between left ventricular function and the microvascular complications index (code
0 when no complications to code 7 when all present and severe) was found for the following variables:
isovolumic relaxation time, the interval from minimal dimension to mitral valve opening, ratio of pre-

ejection period to left ventricular ejection time, and pre-ejection period index.
It is concluded that in diabetes abnormalities of left ventricular function are related to duration of

disease and complications; and that a diabetic specific heart muscle disorder occurs frequently in
patients with severe microvascular complications.

Necropsy studies have suggested the existence of a
specific diabetic cardiomyopathy1 2 or cardiopathy3
caused by myocardial involvement by diabetic
microvascular disease. Frequent abnormalities of
left ventricular function attributed to a "preclinical
cardiomyopathy" have been detected by haemody-
naemic4 5 and non-invasive methods6-8 in diabetics
without clinical heart disease. Histological and
necropsy reports are, however, conflicting on the
presence, extent, and significance of atherosclerosis
and diabetic microvascular involvement of the
coronary circulation.3 4 9-12 If there is a specific
diabetic disorder of the myocardium there should be
a strong relation between the degree of clinical
microvascular disease and left ventricular function,
and the frequency and severity of abnormalities
should increase with the duration of diabetes, as
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shown with retinopathy and proteinuria.13
The purpose of this study was to determine the

relation of left ventricular function to the clinical
features of diabetes in a large sample of diabetic
patients.

Patients and methods

The patients, normal controls, and methods of
measuring left ventricular function have been
described in the first part of this report.14 From the
original sample of 212 diabetics, 185 patients with
no clinical evidence of heart disease (angina or heart
failure) were subdivided into the following groups.

(a) Insulin-dependent patients who presented at
under 20 years of age were used to determine rela-
tions to the duration of diabetes (n =50, mean
duration 10 +9 years, range 0 to 39 years).

(b) (i) Diabetics with no microvascular com-
plications (n =54).
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(ii) Diabetics with mild microvascular com-
plications (n=75), mild background
retinopathy, and/or mild proteinuria.

(iii) Diabetics with severe microvascular com-
plications (n=44), heavy proteinuria,
and/or proliferative retinopathy.

(iv) Recently diagnosed (within 3 years)
insulin-dependent diabetics (n=12).

The diabetic patients were graded according to
the presence and extent of diabetic complications
(Table 1), and an index of microvascular complica-
tions was constructed. This allowed for a scale from
zero (with no complications) to seven (when all were
present and severe) (Fig.).

Student's t tests were used to compare mean
differences between normal and diabetic subgroups.
The degree of relation between left ventricular
function and the microvascular complications index
and duration of diabetes was estimated with
Kendall's rank ord r correlation coefficient (T) and
Pearson's correlation coefficient (r), respectively.

Results

There was a significant correlation between the
duration of diabetes and the isovolumic relaxation
time (r=058, p <0 001), minimal dimension to
mitral valve opening (r =0-71, p < 0001), and loss of
beat-to-beat variation (r=0-79, p <0001) in the
young insulin-dependent diabetics. Systolic time
intervals, ratio of pre-ejection period (PEP) to left
ventricular ejection timne (LVET) (r=0-38, p < 0 01),
and PEP index (r-=034, not significant) were less
-strongly correlated. The microvascular complica-
tions index was significantly correlated with
duration of diabetes (X=0*56, p<0001).
The recently diagnosed insulin-dependent dia-

betics (n=12) were normal in all variables. In
comparison, diabetics with no complications had
minor prolongation of both diastolic time intervals
(p <005). Diabetics with mild complications

Table 1 Scheme for grading microvascular complications

Code Retinopathy
0 None
1 Mild background: less than 10 red dots per eye
2 Severe background: greater than 10 red dots per eye
3 Proliferative

Proteinuria
0 None
1 Mild: one or two plus proteinuria
2 Severe: heavy proteinuria

Neuropathy
0 None
1 Mild: absent ankle jerks and vibration sense in feet
2 Severe: further evidence of neuropathy including auto-

nomic neuropathy
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Fig. The distribution of the microvascular
complications index (n= 185).

(n= 75) had reduced beat-to-beat variation
(p < 0 001), prolonged isovolumic relaxation time
(p < 0 001), and interval from minimal dimension to
mitral valve opening (p < 0 001) compared with
recently diagnosed diabetics and normal. Those with
severe microvascular complications differed signi-
ficantly (p < 0-001) from all other subgroups in all
variables except in the interval from minimal
dimension to mitral valve opening with diabetics
with mild complications (Table 2).
There was a correlation between the micro-

vascular complications index and variables of
impaired left ventricular function in the 185
diabetic patients without clinical heart disease:
isovolumic relaxation time (, =025, p <0 001),
minimal dimension to mitral valve opening (Xr=0X17,
p<0-00l), PEP/LVET ratio (7=0-22, p<0-001),
PEP index (-=0-2, p < 0 001), and loss of beat-to-
beat variation (@=0-48, p<0-001). There was no
relation with dimension change during isovolumic
relaxation.

Discussion

To study the evolution of a disorder and its prog-
nosis, serial measurements in a longitudinal study
are the ideal; the long time course of diabetic heart
disease makes this difficult. A somewhat less satis-
factory alternative is a cross-sectional study in-
volving a large number of subjects with various
durations and types of diabetes. The study reported
is of the latter type.

In insulin-dependent diabetics under the age of
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20 years, clinical presentation was assumed to
represent onset. This may not be correct but it is
unlikely to introduce a substantial error. In fact
diabetics within a few years of presentation were free
from complications and all had normal left ventri-
cular function. There was a gradual increase in
abnormalities of left ventricular function as the
frequency of microvascular complications and
duration of diabetes increased, and after 20 years

diastolic abnormalities were common. A similar
relation exists between the presence of retinopathy
and proteinuria and the duration in insulin-
dependent diabetics."

Established diabetics with no complications had
significantly prolonged isovolumic relaxation time
and interval from minimal dimension to mitral
valve opening. Diabetics with mild proteinuria or
background retinopathy tended to have abnor-
malities of left ventricular function intermediate
between those of patients with no and those with
severe microvascular disease. The latter had raised
PEP/LVET and prolonged PEP index7 and
isovolumic relaxation time. The interval from
minimal dimension to mitral valve opening was also
prolonged and there was no dimension change
during the isovolumic phase.8 No patient with
severe microvascular disease had normal diastolic
function and most had abnormal systolic time
intervals.
As expected, loss of beat-to-beat variation was

significantly correlated both with the index of
microvascular complications and duration of dia-
betes in insulin-dependent diabetics. The iso-
volumic relaxation time and interval from minimal
dimension to mitral valve opening were significantly
correlated with the index, but the ratio of
PEP/LVET and PEP index were less strongly
related. This emphasises the continuous relation
between the severity of microvascular complications
and impairment of left ventricular function. As the
duration of diabetes, complications, and metabolic
abnormalities are closely associated, it does not
necessarily imply a causal relation but there seems
good evidence for a similar aetiological basis.

The cause of impaired left ventricular function
could be the result of microvascular disease,
metabolic abnormalities, and/or coronary artery
disease. Analysis of the isovolumic period and the
associated wall motion shows the incoordinate'5 16
nature of the dyskinetic ventricle in coronary artery
disease. In the first part of this report we found this
in patients with angina both with and without
diabetes and this confirmed an earlier impression'7
that there was also a high incidence of incoordina-
tion in diabetics without chest pain, who are

presumed to have asymptomatic but significant
coronary artery disease.

Necropsyl-3 and biopsy4 12 studies indicate that
diabetics frequently have abnormalities of coronary
microcirculation and myocardium: endothelial
proliferation, perivascular fibrosis, glycoprotein
deposition, and interstitial myocardial fibrosis (the
most frequent) can be extensive and are indepen-
dent of coronary atherosclerosis. The recent
demonstration of capillary microaneurysms in
silicone rubber injected preparations of diabetic
myocardium'8 suggests that the vascular abnor-
malities are similar to those in the retina. The
myocardium responds to injury by fibrosis as in
myocardial infarction and chronic ischaemia; the
interstitial fibrosis frequently shown in diabetics
may be the myocardial response to small vessel
involvement and the resultant diffuse ischaemia.
The vascular abnormalities would eventually reduce
coronary perfusion and the infiltration change left
ventricular properties.
We propose that myocardial involvement in

diabetes is functionally important and may occur

relatively early in the course of the disease, initially
impairing early diastolic relaxation, and, when more

extensive, probably in combination with reduced
myocardial perfusion, further impairing relaxation
and then contraction. Such abnormalities have been
called a diabetic cardiomyopathy,3-5 8 9 but as they
are secondary to a systemic disorder, the term
"diabetic specific heart muscle disorder" should be
used.19

Table 2 Measurements of left ventricular function in diabetics without clinical heart disease

No. Beat-to-beat PEP/LVET PEP index Isovolumic Minimal dimension
variation (%) (ms) relaxation to mitral valve

time opening
(ms) (ms)

Normal 50 27 ±14 31 ±4 123 ±4 58 ± 9 12 ±13
Diabetics

Recently diagnosed insulin-dependent diabetics 12 24 ±12 31 ±1 122 ± 5 56 ±11 10 ±12
No complications 54 18 +10 33 ±6 125 ±13 68 ±21 21 ±28
Background retinopathy or mild proteinuria 75 10 ± 8 34 ±7 126 ±14 70 ±19 32 ±31
Proliferative retinopathy or heavy proteinuria 44 4 ± 3 39 ±8 136 ±14 87 ±21 39 ±24
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