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Summary: A cardiovascular study of a group of 90
newly diagnosed diabetic women aged 35 to 75 years

was begun in 1965 and a repeat examination was carried
out on the same patients in 1968. A high prevalence of
ischaemic heart disease was found in these patients at the
time of diagnosis, and this finding had some predictive
value as regards. prognosis over the three-year period.
A comparative study with general medical outpatients

and long-established diabetics (greater than 10 years' dura-
tion of disease) confirmed the high prevalence of ischaemic
heart disease in late-onset mild diabetics controlled by
diet or oral drugs. It is suggested that this type of milder
diabetic patient contributes in undue proportion to the
high prevalence of ischaemic heart disease in diabetes.

Introduction
The general association between diabetes mellitus and cardio-
vascular disease Is well established, both from pathological
reports (Warren and LeCompte, 1952) and from clinical stu-
dies (Bradley and Bryfogle, 1956). These observations have
concerned groups of diabetic patients with established disease
of some duration, but the cardiovascular state of diabetics at
the time of initial clinical onset of the disease has not been
studied in detail. Liebow et al. (1964) found that one-third of
a group of 58 women had definite cardiac abnormalities at the
time of first diagnosis of diabetes mellitus. We have similarly
examined the cardiovascular system in a group of newly
diagnosed diabetic men and women at their first medical
presentation in 1965 and have repeated the examination three
years later. The present report concerns only the women
diabetics-it seems suitable to deal with women and men
separately, since a recognized characteristic of ischaemic heart
disease in the diabetic is the unusually high proportion of
women affected.

*Presented as a paper at the Spring Meeting 1969 of the British
Diabetic Association held in Belfast.

f Consultant Physician.
1 Research Fellow.
Sir George E. Clark Metabolic Unit, Royal Victoria Hospital, Belfast

BT12 6BA.

Patients and Methods
Ninety consecutive women patients aged 35 to 75 years

were first examined in 1965 at the same time as the diagnosis
of diabetes mellitus was established (group A). The clinical
history paid attention to the occurrence of angina, intermittent
claudication, details of smoking habits, and parity. The ex-
amination included the measurement of body weight, blood
pressure in the supine position, and the presence of posterior
tibial artery pulsation. A 12-lead electrocardiogram was
carried out in all patients, and the tracing was analysed ac-
cording to the Minnesota classification (Blackburn et al., 1960)
by a cardiologist (D.B.), who did not know the clinical data.
He was also unaware whether the tracing was from a diabetic
patient or a control subject (see below). None of the elec-
trocardiograms was recorded on the day of performance of a
glucose tolerance test. Venous blood samples were taken for
estimation of blood glucose by a ferricyanide method (Auto-
Analyzer) and cholesterol (Zlatkis et al., 1953) at the time of
the initial clinical examination, which was before any dietary
advice was offered.
Two control groups were also studied. The first control

group of 84 non-diabetic general medical outpatients (group
C), selected by a normal response to a 50-g. oral glucose
tolerance test (two-hour blood glucose <110 mg./100 ml.),
was examined similarly to the new diabetic patients, including
the electrocardiographic test. These patients had various dis-
orders-gastrointestinal tract symptoms, simple goitre, anxi-
ety state-and included also some dental clinic outpatients.
The second control group consisted of patients with estab-
lished diabetic disease of greater duration than 10 years
(group D). This group was attending the diabetes outpatient
clinic and consecutive patients were taken without regard to
cardiovascular status, the only criterion apart from duration of
disease being the age group 35 to 75 years. All the above
investigations were also undertaken in this group.

In 1968 the 90 newly diagnosed women diabetics of 1965
were re-examined and tested in an identical fashion to their
initial presentation (group B). Thus four groups of electro-
cardiograms were available for analysis: (A) newly diagnosed
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diabetics (1965), (B) follow-up of the above patients (1968),
(C) control patients with normal glucose tolerance tests, and
(D) established long-term diabetics (>10 years' duration of
disease). The age distribution of the different groups of
patients is shown in Table I.

TABLE I.-Age Distribution.

Age in Years
Total

Group <50 50-59 60-69 70 + Patients

A. Newly discovered diabetics,
1965* .9 32 35 14 90

C. Medical outpatient controls
(normal glucose tolerance) 18 35 29 2 84

D. > 10 years' duration of
diabetes .20 29 30 12 91

*Followed up 1968: 82 (91 %) reviewed, 5 dead, 3 not reviewed (1 emigrated, 2
refused).

Minnesota Classification.-For the purpose of this study the
more pronounced E.C.G. abnormalities in the Minnesota code
have been considered separately from minor items-namely,
Q waves (Minnesota I, 1-3), S-T (Minnesota IV, 1-2), T-
wave (Minnesota V, 1-2), and left bundle-brandc block
were regarded as presumptive of ischaemic heart disease-
whereas minor categories have not been so accepted and are
given separately-S-T depression <0.5 mm. (Minnesota IV,
3) and negative T-wave amplitude <1-0 mm. (Minnesota V, 3).

Results
Groups A and C
The general outpatient controls differed from the diabetic

groups by having fewer patients in age group 70+, and since
this may unduly influence the results only a limited compari-
son is made with the diabetic group. There were no Q-waves
among the medical outpatients and four (4.4%) among the
new diabetics. The prevalence of major S-T changes is con-
trasted in Table II, and the difference between these two
groups is significant.-
TABLE II.-Electrocardiographic Abnormality. Major S-T Items (Minne-

sota Classification V, 1-2) Between New Diabetics (1965) and
Medical Outpatient Controls (Normal G.T.T.).

E.C.G.

Major S-T item
Normal or minor S-T item ..

Total ..

Group A Group C Total

21* 5* 26
69 79 148

90 84 174

*X2 = 1O.34; P <00-Oa.

Groups A, B, and D
The electrocardiographic categories are shown in Table III.

It can be seen that there is a comparably high prevalence of
ischaemic changes in respect of all items in the three
groups.

TABLE III.-Electrocardiographic Categories.

Group A Group B Group D
(90) (82) (91)

Q/Qs items .4 (4 4°'O) 6 (7-30O) 7 (7-7%)
S-T segment depression:
Major (IV, 1-2) 21 (23-3%) 23 (2800%) 19 (20 8%)
Minor (IV, 3).3 8 3

T-wave items:
Major (V, 1-2) .15 (1666%) 14 (17*1,') 21 (23-1%)
Minor (V, 3) .15 18 20

Change of E.C.G. items (Groups A and B)
An analysis is made of the 90 newly discovered diabetics in

terms of their cardiovascular status at the time they presented
with diabetes mellitus in 1965 (Table IV). Fifty-six patients

BRITISH
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were regarded as having no cardiac abnormality at the
beginning of the disease-that is, no history of angina, and no

Q waves, S-T segment changes (Minnesota IV, 1-2), or T-
wave changes (Minnesota V, 1-2), on the E.C.G.

1965
TABLE IV

1968
48 Unchanged*

Normal cardiac status 1 Coronary thrombosis-survived
(56 patients) 1 Angina only

L 6 New E.C.G. abnormality

r 13 Unchanged*

Abnormal cardiac status | Coronary thrombosis{ 1 survived
(34 patients) 3 Cerebrovascular accident-1 died

f 5 E.C.G. abnormality-*normal
13 Improved 3 E.C.G. abnormality +angina --normal

5 Angina only-*no angina

*The three patients who did not attend for follow-up have been allocated to the
unchanged group-clinical information about them from their family physicians

indicates no change in their status.

During the next three years one of these 56 patients had a
myocardial infarction and survived, six had new E.C.G.
changes (either Minnesota IV, 1-2 or V, 1-2), and one de-
veloped angina without an associated E.C.G. abnormality.

Thirty-four patients initially had evidence of cardiovas-
cular disease judged by the presence of angina or significant
E.C.G. abnormality (as above), and in the subsequent three
years five of them developed coronary thrombosis (of whom
four died) and three suffered from a cerebrovascular accident.
On the other hand, within this group of 34 patients with ini-
tial cardiovascular abnormality, 13 were improved in their
cardiac state at follow-up in 1968. The E.C.G. coding had
changed in eight patients from major S-T and T-wave
changes to either normal or minor ones (Minnesota IV, 3 and
V, 3). In addition, five patients initially accepted as having
angina (despite normal E.C.G. records) had ceased to com-

plain of this finding. Three of the eight patients with E.C.G
improvement also ceased to complain of angina.

Other Measurements
The patients were divided into upper and lower quartiles

for initial blood sugar, body weight, diastolic blood pressure,
and serum cholesterol. No distinction appeared for weight or

diastolic blood pressure, but there was a trend for the patients
with higher initial blood sugars (lower quartile blood sugar
below 170 mg./100 ml.-18% had abnormal E.C.G.; upper
quartile blood sugar above 300 mg./100 ml.-54 % had abnor-
mal E.C.G.), and to a less extent lower initial serum cholesterol
(lower quartile serum cholesterol below 210 mg./100 ml.-
440,, had abnormal E.C.G.; upper quartile serum cholesterol
above 257 mg./100 ml.-250 had abnormal E.C.G.), to have a

greater prevalence of ischaemic changes. Patients with im-
palpable posttibial artery pulsation in one or both legs showed
a higher incidence of major electrocardiographic items, the
observed-over-expected ratio by the null hypothesis being
1-7 for major S-T changes and 1-9 for major T-wave
changes.

Treatment
An analysis of patients was made according to the mode of

treatment of the diabetes at examination in 1968. Most of the
1965-8 series were on diet or oral agents (only six treated
with insulin), whereas a greater proportion of the long-
standing diabetics were on insulin treatment (51 out of 91). It
is not possible to compare the incidence of ischaemic heart
disease satisfactorily by mode of treatment in the 1965-8
series owing to the pronounced disparity between the numbers
in each treatment group for insulin (six cases) and diet or oral
agents (84 cases). An analysis of the long-standing diabetics
(group D), where there is a more even division by mode of
treatment (51 insulin, 40 diet or oral drugs), is shown in Table
V. Major E.C.G. items are significantly more prevalent among
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the patients on diet or oral antidiabetic therapy than in those
on insulin therapy. Further analysis to allow for any age dif-
ferences within the group implies that in the decade 60-69
years this is also significant, and probably this finding would
also hold for the decade 50-59 years, but the inequality of
numbers invalidates statistical comparison.

TABLE V.-Diabetes for 10 Years or More (Group D). Analysis by Age
and Mode of Treatment-prevalence of Major S-T and T-Wave
Items (Minnesota IV, 1-2 and V, 1-2).

Major E.C.G. Items
Age in Years Insulin Treatment Diet/Oral Agents

Present Absent Total Present Absent Total

50 .. 2 10 12 1 7 8
50-59 .. 1 22 23 3 1 4
60-69 .. it 10 11 lot 10 20
70+ .. 3 2 5 4 4 8

_1
Total 7* 44 51

*X2= 10 97, P<0-001.
tX2= 4-27; P < 0-05.

22 40

Discussion

Though most authorities agree about the frequent occur-
rence of ischaemic heart disease in diabetic subjects it is rele-
vant to review the findings that have established this associ-
ation, in particular to see if there is any characteristic of the
diabetic who has this complication. The present findings have
suggested that middle-aged late-onset women diabetics al-
ready have a high prevalence of ischaemic heart disease at the
time of diagnosis, and that among diabetics with long-
established disease a higher prevalence of ischaemic heart
disease exists in late-onset mild diabetics than in early-
onset insulin-dependent subjects who had attained the same
age group.

Pathological Evidence

The reports of post-mortem studies on diabetic subjects
during the period 1930 onwards are impressive in the high
prevalence of well-marked sclerosis and narrowing of the
coronary arteries-45 to 74% (Blotner, 1930; Nathanson, 1932;
Root and Sharkey, 1936; Root et al., 1939; Lisa et al., 1942;
Steams et al., 1947; Millard and Root, 1948; Clawson and
Bell, 1949). There is little evidence with regard to the occur-
rence of atheroma in the younger diabetic, and the above evi-
dence deals mainly with older age groups. It was noted in
these studies of ischaemic heart disease that there was a
striking change in the sex incidence-the non-diabetic ratio
of three or four men to one woman becoming equal, if not
reversed, in the diabetic.

Studies by Mitchell and Schwartz (1965) suggested that the
post-mortem findings in diabetics might be explained by a
higher frequency of thrombosis in this disease. Those workers
found that in the absence of thrombotic occlusion diabetics at
necropsy had the same amount of atheroma as their non-

diabetic controls. In this regard there is increasing evidence of
alterations in coagulation factors and platelet activity in the
diabetic (Bridges et al., 1965; Mayne et al., 1970). Whether a

possible hypercoagulable state is more important than coron-

ary atheroma per se in the causation of ischaemic heart di-
sease is as yet controversial. In summary, the pathological
evidence is that coronary heart disease is commoner in the
diabetic and particularly in the female. Other relationships, of
duration of diabetes or type of treatment, and particularly age
at onset of the diabetic state, have not been fully defined.

BRITISH
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Clinical Evidence
Studies of patients attending diabetic clinics have also

shown a high prevalence of cardiovascular disease (42%,
Liebow et al., 1955; 40%, Bradley and Bryfogle, 1956), but
these major studies have all emphasized a paucity of clinical
coronary artery disease in any diabetic under 40 years despite
long duration of disease. No such patient in the 383 patients
studied by Liebow et al., and only one of the 394 diabetics
studied by Bradley and Bryfogle, was under 40 years of age.
The absence of ischaemic heart disease in younger diabetics

had not been the experience of earlier clinical studies in the
1920-30 era, in which low-carbohydrate and high-fat diets
had been used (Shepardson, 1930).

Community Surveys
In Tecumseh (Epstein et al., 1965), within both the known

diabetic population and the newly discovered hyperglycaemic
subjects, there was an increased prevalence of ischaemic heart
disease. There was, however, a paucity of total diabetic and
hyperglycaemic subjects below the age of 40, and study of this
age group indicates that in the absence of hypertension there
was no association between hyperglycaemia and coronary ar-
tery disease; the significant associations for these two condi-
tions occurred only in those aged 40 and over. In the Bedford
survey (Keen et al., 1965) many of the diabetics studied were
surprisingly elderly; about 30% were over 70 years. The
general advanced age of the Bedford group was adjusted by
calculating age-standardized prevalence ratios. That study,
however, did report that 41 % of 17 cases under the age of 50
years had ischaemic heart disease. In the Birmingham ac-
tuarial survey (Hayward and Lucena, 1965)-not a community
survey but a study based on a diabetic clinic population-in
which 6,000 diabetics were studied over a period of 15 years,
only one woman died from ischaemic heart disease under the
age of 40 years, which appears a highly significant observa-
tion.

Present Study
This study was undertaken to ascertain the incidence of

ischaemic heart disease at first diagnosis in a group of adult-
onset diabetics in the age group 35-75 years and to follow up
these same patients over a period (1965-8) to see what car-
diovascular events occurred in relation to the initial cardiac
assessment. A further opportunity was taken to compare the
prevalence of heart disease in these patients with another
group of similarly aged diabetics who had had diabetes for
many years.

The newly discovered diabetics showed a high prevalence of
ischaemic heart disease, and the finding of an abnormal
E.C.G. pattern had considerable predictive usefulness in terms
of cardiovascular and cerebrovascular events in the following
three-year period. The observations confirm those of Liebow
et al. (1964), who found in a similar prospective study a high
prevalence of ischaemic heart disease at the initial diagnosis
and a significant development of further ischaemic heart di-
sease over the three-year period after diagnosis. A possible
similar progression of ischaemic heart disease in the initial
five years of diabetes was noted by Oakley et al. (1968).
Among our patients initially free of coronary heart disease the
incidence of new coronary disease over the three-year period
(8 out of 56, 14%) was less than that reported by Liebow et al.
(33%). Conversely, we did observe that some patients judged
to have coronary heart disease by an initial E.C.G. abnorma-
lity or a history of angina pectoris, or both, ceased to have

these manifestations over the three-year period of follow-
up, presumably indicating some adverse influence of the un-
treated diabetic state on their initial cardiac assessment.

Some of the general findings in this study, such as the as-

sociation of cardiovascular abnormality with absent tibial ar-

28 March 1970
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tery pulsation, are not unexpected and do not require com-
ment. Surprisingly no apparent trend was found with over-
weight and high blood pressure; perhaps both these features
were so common that they ceased to have any discriminatory
value.
The comparison between the newly discovered diabetics

and the established diabetics (over 10 years) is probably of
limited value in that current prevalence only is being com-
pared and high-risk persons will have been removed from
both groups by previous fatal coronary heart disease. Within
the surviving established diabetics (over 10 years' duration of
disease), however, a higher prevalence of coronary heart di-
sease was found in those with milder, adult-onset type dia-
betes controlled by diet or oral drugs as compared with the
insulin-dependent diabetics. That finding when combined
with the high prevalence of ischaemic heart disease at initial
diagnosis in late-onset diabetics suggests that this type of
patient may account for much ischaemic heart disease in dia-
betics. Such a finding may not have been discernible before
the use of oral drugs, since many of these patients were
treated with insulin and the essentially mild nature of their
carbohydrate intolerance would have escaped detection.
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Study of Membrane Permeability in Haemodialysis
D. B. EVANS,* M.R.C.P. ; J. G. LINES,t PH.D.

British MedicalyJournal, 1970, 1, 786-787

Summary: The efficiency of haemodialysis has been
determined when a Watson-Marlow (Kiil) dialyser

was used repetitively without changing the membranes.
Dialysis efficiency was assessed from the clearance of
creatinine and of urea from the patient's blood. No sig-
nificant deterioration in dialysis could be detected in six
dialyses through the same membrane. Leaving the dialyser
unit for up to eight hours before washing it out after the
completion of each dialysis did not appear to have any
effect on dialysis efficiency.

It was concluded that repetitive haemodialysis through
the same membranes is possible, but careful monitoring of
the patient to assess suitability for such treatment, and
subsequently at each dialysis, is essential.

Introduction
The dialyser module of present-day artificial kidneys, the
Kiil dialyser, consists of three polypropylene boards with
grooved surfaces, between each pair of which are placed a pair
of membranes. The patient's blood circulates between the
membrane sheets, and dialysate fluid, prepared either in tanks
or by a proportioning machine, flows over the outer sur-
face of the membranes counter-current to the blood.

Electrolytes and low molecular weight constituents of the
blood plasma pass through the pores of the membrane into the
dialysis fluid down a concentration gradient. The rate of
clearance of these substances from the blood is known as the

*Consultant Physician, Addenbrooke's Hospital, Cambridge.
tUniversity Assistant Biochemist, Biochemical Section, John Bonnett

Clinical Laboratories. Addenbrooke's Hospital, Cambridge.

dialysance (D) of that molecule or ion and can be calculated
from the equation (Wolf et al.):

D
a (A - V)

D- A
where a = blood flow rate, A = arterial blood level, and V =
venous blood level.
For patients maintained on haemodialysis a 14-hour period

of dialysis usually results in a decrease of plasma urea from
about 150 to about 40 mg./100 ml. and of creatinine from
about 10 to 3 mg./100 ml.
With the increase in size of hospital dialysis units and the

development of home dialysis, more economical use of re-
sources, in both material and time, has become essential.
Haemodialysis has conventionally involved use of new mem-
branes in the dialyser unit for each dialysis. Shaldon and
Oakley (1967) practised washing the dialyser units through
when dialysis was complete and then reusing the dialyser up
to six times. The dialyser unit would thus require rebuilding
much less frequently, probably only once every two to three
weeks.
This study was undertaken to determine whether there was

any decrease in the efficiency of dialysis with reusage of
membranes. The effects of leaving the dialyser for up to eight
hours after completing dialysis before washing it out were also
determined, because it is not always convenient or possible to
begin the washing procedure immediately the haemodialysis is
completed.

Methods and Materials
Twice-weekly haemodialysis was performed with a

modified Kiil dialyser (Watson-Marlow) and PT 150 cupro-
phane membranes, a warm 37°C. single-pass system being
used. The dialysis was usually of 14 hours' duration. Arterial
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