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Summary. 498 diabetics were discovered in a survey
of ischaemic heart disease in 10,059 men aged 40
years and over in Israel. — The diabetics were di-
vided into previously known and newly diagnosed.
— During a 5 year follow-up period, the incidence
rates of fatal and non-fatal myocardial infarction
and the incidence of intermittent claudication were
considerably greater in both groups of diabetics than
in non-diabetics. The frequency of hypertension and
left ventricular hypertrophy was about the same in
both groups, and in non-diabetics. — However, the
pattern of increased morbidity for angina pectoris
and the increased rate of sudden death is seen only
in the previously diagnosed diabetics. Different
pathological mechanisms might be responsible for
angina pectoris and sudden death, as compared to
myocardial infarction and these might be related in
diabetics to the duration and severity of the disease.
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Clinical [1, 2, 3] and pathological [4] studies testify
to the frequency of cardiovascular (CV) complica-
tions in diabetes, particularly since the increased
longevity following the introduction of insulin and
antibiotics. Almost 20 years after the introduction of
the oral hypoglycaemic agents this still holds true
[5]. Epidemiological surveys have confirmed a high-
er prevalence [6] and incidence [7] of cardiovascular
disease (CVD) amongst diabetics and in association
with hyperglycaemia [6)].

In a long term prospective ischaemic heart dis-
ease study, a recent analysis of the factors related to

cardiovascular disease [8], showed diabetes to be
significanctly related to the incidence of cardiovascu-
lar disease in Israel. The present paper deals, in
greater detail, with the cardiovascular data from the
diabetics discovered in the above study.

The diabetics have been divided into two groups:
those previously diagnosed and those diagnosed for
the first time at the survey. We report here the five
year incidence of cardiovascular disease in the two
groups of diabetics in relation to the rest of the sur-
vey population (the controls) found to be free of
these cardiovascular abnormalities on entry to the
study.

Subjects and Methods

The Study Population

The study population, described in detail elsewhere
[9], consisted of a stratified random sample of Israeli
male permanent civil service and municipal em-
ployees aged 40 years and over, and included at
least 1000 men from six regions of birth: Eastern
Europe, Central Europe, Southern Europe, Israel,
the Middle East and North Africa. Because of the
nature of governmental responsibility in Israel many
kinds of occupational employment are represented,
ranging from highly responsible administration posts
through professional and clerical positions to simple
unskilled labour tasks. A total of 10,059 men,
86.2% of those invited, were examined in the first
survey in 1963. Two further surveys were carried
out at 2 and 3 year intervals respectively; close to
98% of the living subjects were re-examined in the
third survey, five years after the initial survey, and
100 percent of the subjects were accounted for.
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Survey Data

The survey data included a medical and demog-
raphic history, anthropometric and physical exami-
nation and a 12 lead E.C.G. at rest. In addition,
results were obtained from biochemical tests as well
as dietary and psychosocial questionnaires.

Identification and Criteria for Diagnosis of Diabetics

Diabetics in the study were identified as follows: all
those with a casual blood glucose value of 130 mg or
over (Somogyi-Nelsen (S-N)) and/or a history of
diabetes were considered suspect diabetics. Thereaf-
ter, for each suspect diabetic, additional data were
collected from the personal physician or the special-
ist at the diabetes clinics. Where data available were
inadequate for the diagnosis of diabetes by our
criteria, the subject was asked to report to the sur-
vey laboratory for a glucose tolerance test (GTT),
after a carbohydrate-rich diet for at least 3 days.
50 g glucose in water was ingested after a twelve
hour fast.

Details of the criteria for the diagnosis of dia-
betes are given in a previous publication [10]. Brief-
ly, the diagnosis of diabetes was based either on the
finding of abnormal fasting blood glucose tests, gen-
erally three, above 130 mg/100 ml. Hagedorn-Jen-
sen (H-J) method, or, where a GTT was performed,
by a score of 1 point or more on the following scale:

H-J S-N
(mg/100 ml)
Fasting level = 120 = 100 Y, point
1 hour level = 200 = 170 % point
2 hour level = 140 =120 'z point

498 of the study population (4.95%) were found
to be diabetic at the first prevalence survey. These
were divided into two groups according to whether
diabetes had been previously diagnosed prior to the
survey (“Clinical” diabetics, n = 296) or newly
diagnosed (Survey diabetics, n = 202). The data on
which the diagnosis of diabetes for the two groups
was based is shown below.

Previously diagnosed
(“Clinical”) diabetics

Newly diagnosed
(Survey) diabetics

Glucose tolerance 51 159
Other data 245 43
Total 296 202

In 78.7% of newly diagnosed diabetics the diag-
nosis was based on the results of a GTT, whereas in
82.8% of the previously diagnosed diabetics, be-
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cause of the high fasting blood glucose values, the
diagnosis of diabetes was based on data other than
the GTT.

Diagnosis of Cardiovascular Disease

Myocardial infarction (M.1.) was examined in two
ways: 1. By E.C.G. diagnosis only: an E.C.G. in-
terpretation of probable or possible infarct, based
on criteria described in the appendix of reference
[11].

2. “Group I Ischaemic heart disease” (IHD I) as
described elsewhere [11]. This was composed of a
majority of cases of verified history of myocardial
infarction and included cases of E. C. G. diagnosis of
possible infarct or myocardial ischaemia associated
with definite angina pectoris.

Angina Pectoris (A.P.): The diagnosis of angina
pectoris was based on criteria recommended by the
World Health Organization [12]. A “closed follow-
up” type of questionnaire was used. Diagnosis of
angina pectoris depended on the site, duration, pre-
cipitating and relieving factors of chest pain [13].

Intermittent Claudication (1. C.): Pain in one or both
calves brought on by walking and relieved by rest
within ten minutes.

Hypertension: In this paper, a mercury sphyg-
momanometer reading of 160 or over systolic and/
or a diastolic reading of 95 or over, in men in whom
the blood pressure was < 140/90 in the initial sur-
vey 5 years previously.

Left ventricular hypertrophy (L.V.H.) was
based on E. C. G. diagnosis [11].

Cause-specific mortality data were obtained as
described elsewhere [14].

Statistical Analysis

Differences between incidence of morbidity (or
mortality) in previously (clinically) diagnosed vs.
newly (survey) diagnosed diabetics were analysed by
x* test with one degree of freedom in an effort to
reject the hypothesis that the same morbidity (or
mortality) force acted in both groups. Significance of
the O/E (observed/expected values) ratio is given as
the significance of the “proportion comparison” [15]
viz. incidence in the diabetic group compared to in-
cidence among non-diabetics. Expected incidence
figures are those obtained when the non-diabetic
rates were applied to a diabetic group.
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Table 1. The mortality ratio in diabetics for cardiovascular and other causes during a 5 year incidence study

Previously Diagnosed Diabetics Newly Diagnosed Diabetics Total Diabetics

Number Obs Exp* O/E ratio Number® Obs Exp® O/E ratio Number Obs Exp* O/E ratio
Myocardial Infarction 270 12 35 34 209 8 24 34 479 20 59 34
Presumed Myocardial
Infarction (Death < 1h) 270 8 22 3.6 209 1 16 (0.6) 479 9 3.8 24
All causes 270 40 17.1 2.3 209 16 114 14 479 56 285 2.0

() Based on small numbers

@ Expected values are according to rates among the non-diabetic population at first survey

® Includes diabetics classified as “unknown” at first survey

Table 2. Cardiovascular morbidity ratio in diabetes (based on a S-year incidence study). For abbreviations see legend to Figure 2

Previously Diagnosed Diabetics

Newly Diagnosed Diabetics

Total Diabetics

Number Obs  Exp? O/Eratio Number Obs Exp* O/E ratio Total Obs Exp* OJE ratio
Myocardial Infarction
(E. C. G. diagnosis) 245 23 154 15 195 15 111 14 440 38 265 1.4
LH.D.I 197 18 6.0 3.0 172 9 49 1.8 369 27 109 25
A.P. only 181 18 56 32 166 3 5.0 (0.6) 347 21 10.6 2.0
LC 221 20 93 22 179 17 7.1 23 400 37 164 23
Hypertension 118 5 53 1.0 75 4 31 (1.3) 193 9 84 1.1
L.V.H. only
(E.C. G. diagnosis) 212 19 202 0.9 173 15 157 09 385 34 359 1.0
@ Expected numbers are according to the rates among the non-diabetic population
() Small numbers = exp. 5.0 or less
Results M1 ISUDDEN
DEATH

Mortality from all causes was 56 observed versus 28 03 8
expected among all 1963 diabetics. Of these, 40 (vs o _1
17 expected) occurred among previously known 300 R
diabetics (Table 1). P E'EEXV&KUSMD

Approximately half the deaths were cardiovascu-
lar deaths. There was a three and a half fold greater + 200
mortality from myocardial infarction (M.I.) in both 2
groups of diabetics (p < 0.01) (Fig. 1). o

The morbidity for four groups of cardiovascular ¢ oo [l | | NON-DIABETICS
disecase states e.g. (a) Myocardial infarction by
E.C.G. (b) Ischaemic heart disease, group I (IHD
group I). (c) Angina pectoris (A.P.) only, and (d)

Intermittent claudication (I.C.) is considerably
greater in the total diabetics than in non-diabetics
(Table 2). The higher observed/expected morbidity
ratio is more evident in the previously diagnosed (or
clinically diagnosed) diabetics, reaching three times
that of non-diabetics for Group I Ischaemic Heart
Disease (“IHD I”) (p < 0.005) as well as for angina
pectoris (A.P.) (p < 0.005). Newly diagnosed
diabetics might also have higher rates except for an-
gina pectoris. The incidence of angina pectoris in
previously diagnosed diabetics (clinical diabetics)
was five times that of the survey-diagnosed diabetics
{(p < 0.005). Hypertension and left ventricular
hypertrophy (“L.V.H. — E.C.G.”) diagnosis show
no incidence differences between both groups of

~ Fig. 1. Differences in cardiovascular mortality between previously

diagnosed and newly diagnosed diabetics — 5 year incidence. The
mortality “ratio” is the ratio of the number of cases observed to
the number of cases expected, multiplied by 100 to produce
whole numbers. — The number at the top of each column indi-
cates this ratio. Absolute numbers of events are included in Table
1. Abbreviations: M. 1. = Myocardial infarction

diabetics or the non-diabetics. The differences in
cardiovascular mortality and morbidity in the two
groups of diabetics are shown diagrammatically in
Figures 1 and 2 as a “ratio” of the number of cases
observed to the number of cases expected. This frac-
tion was multiplied by 100 to produce whole
numbers.
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Fig. 2. Differences in cardiovascular mor-
L.C. HIGH BR | LV.H. bidity between previously diagnosed and
Ecsc) newly diagnosed diabetics — 5 year inci-
o] 0 dence. The morbidity “ratio” is the ratio of
300 2 PREVIOUSLY n the number of cases observed to the
z | iy DIAGNOSED number of cases expected, multiplied by
230 g BEAV(QT\]{OSE DD 100 to produce whole numbers. The
o 216 number at the top of each column indicates
5 200 F this ratio. Absolute numbers of episodes
= are included in Table 2. Abbreviations:
o 125 M. I (E.C.G.) = Myocardial infarction
g (E.C.G. diagnosed) — LH.D. 1 = Is-
100 1- chaemic heart discase, Group 1 — A.P. =
Angina pectoris — L. V.H. = Left ven-
tricular hypertrophy — B.P. = Blood
pressurc
Table 3. Distribution of risk factors for cardiovascular disease in two groups of diabetics
Age-adjusted Cholesterol Systolic Diastolic W/H” Uric acid % above
mean values (nig/100 ml) B.P. (mm) B.P. (mm) (gm/cm?) (mg/100 ml) B.P. 160/95
Previously known 217 138 84 2.61 4.21 8.4%
Newly diagnosed 220 146 87 2.70 4.56 13.6%
Total population 209 135 84 2.57 475 8.5%

2 Quetelet’s index

Associated Cardiovascular Risk Factors

Some of the well recognised risk factors are given in
Table 3 for the newly and previously diagnosed
diabetics. Mean cholesterol values, W/H? (obesity
index) and blood pressure were Aigher in the newly
diagnosed than in the previously diagnosed diabet-
ics. Mean uric acid was lower in diabetics than in the
normals, being lower in previously diagnosed than in
newly diagnosed diabetics [10]. The table shows that
previously diagnosed diabetics do not incur higher
coronary heart rates due to an unfavourable “risk
profile”.

Discussion

The cardiovascular morbidity and mortality of
diabetics is higher than that of non-diabetics, in
keeping with other population studies [6, 7, 16]. The
pattern of cardiovascular disease is similar in the
two groups of diabetics with two possible cxcep-
tions.

One is almost certain: the morbidity for angina
pectoris in previously diagnosed diabetics is about
three times that of non-diabetics, but it is less than
expected amongst the newly diagnosed diabetics.
With respect to sudden death from presumed
myocardial infarction there is a hint of a similar be-
haviour in diabetics, but numbers are too small for
definite conclusions.

It has been widely accepted that hypertension
occurs with increased frequency in diabetics [6, 17,
18]; however, others [19] have refuted a higher fre-
quency of hypertension in diabetes. Our data show
that the incidence of new cases of hypertension in
men found to be normotensive (BP < 140/90) 5
years previously is no higher in diabetics than in
non-diabetics. There was also no increased inci-
dence of left ventricular hypertrophy (by E.C.G.).

The reasons for the difference in angina pectoris
incidence in the two groups of diabetics are not
clear. Patients with previously unrecognised diabctes
(i.e. the newly diagnosed) may be those who fail to
communicate their symptoms to the doctor. This
could account for a somewhat lower incidence of an-
gina pectoris in survey diagnosed diabetics, but does
not seem likely; if such a reason were operative, one
might have expected a similarly lower incidence of
intermittent claudication in newly diagnosed dia-
betics.

It is possible that the differences in cardiovas-
cular disease incidence noted may be emphasised by
the lesser severity [16] and shorter duration [1] of
diabetes in the newly diagnosed group. Our previ-
ously diagnosed diabetics, in whom the vast majority
had raised fasting blood glucose values and there-
fore considerably raised values at other times of a
glucose tolerance test, are comparablc to frank
diabetics. Fighty percent of the newly diagnosed
diabetics, on the other hand, were chemical dia-
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betics and would correspond with the ‘“borderline
group” of Keen et al. [16], for whom a cardiovascu-
lar morbidity prevalence intermediate between that
of frank diabetics and non-diabetics was described.
The validity of the diagnosis of diabetes on a con-
stant scale of GTT criteria may be questioned since
glucose tolerance has been shown to decrease with
age [20]. However, we have shown [10] that dia-
betics diagnosed by the criteria used at our surveys
have characteristics similar to those of clinically
diagnosed diabetics with regard to cholesterol, obes-
ity and uric acid level.

A detailed analysis of the cardiovascular risk fac-
tors in various groups of diabetics in the study is to
be published. An analysis of some of the cardiovas-
cular risk factors shows that newly diagnosed diabet-
ics in fact had an unfavourable coronary heart dis-
ease profile, which certainly cannot explain their re-
duced coronary heart disease incidence as compared
to that of the previously known diabetics.

Of the different components of the lipids, serum
cholesterol seems to have the greatest predictive
value for cardiovascular disease [21]. Mean choles-
terol values were higher in the diabetics than in the
non-diabetics and were #kigher in the newly diag-
nosed than in the previously diagnosed diabetics. In
keeping with this, there were more diabetics than
non-diabetics with cholesterol values above the 80th
centile and more newly diagnosed than previously
diagnosed. This same pattern applied also for the
W/H? (obesity) index. The lower cholesterol and
obesity index values in previously known diabetics
might be due to the effects of treatment or to the
diabetes itself. With regard to uric acid we have
shown that there is an inverse relationship between
serum uric acid and diabetes. Uric acid is lower in
previously diagnosed than in newly diagnosed dia-
betics [10]. Uric acid amongst the group who subse-
quently develop diabetes, though, is higher than
amongst non-diabetics [22], a factor which may be
relevant to cardiovascular disease [23]. We have no
data for triglycerides, nor, at this stage, for cigarette
smoking in the two groups.

Our studies have shown that the cardiovascular
risk factors; age, cholesterol, obesity and hyperten-
sion are related to diabetes development [24] but,
when adjusting for these factors, diabetes in itself is
still found to constitute a cardiovascular risk factor
[8].

The data relating to the associated cardiovascu-
lar risk factors would suggest that a higher incidence
of cardiovascular disease could be expected in both
groups of diabetics. Others [25] too, have noted that
in persons with arteriosclerotic heart disease, with-
out known diabetes, minor abnormalities of car-
bohydrate metabolism are frequently found.
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Since the data from our initial survey [10] and
the subsequent surveys [26, 27] have been classified
into several categories according to whether the
diagnosis was based on high fasting blood glucose
values, or according to varying degrees of GTT ab-
normality, we should be able to examine in greater
detail the hypothesis of increasing vascular compli-
cations with increasing abnormality of the GTT.

The difference in angina pectoris and sudden
death experience of previously diagnosed and newly
diagnosed diabetics requires further investigation
and confirmation. The data would support a sugges-
tion [28, 13] that the usual mechanisms producing
angina pectoris and sudden death differ from those
resulting in myocardial infarction. Angina and sud-
den death may be acute ischaemic phenomena inde-
pendent of actual occlusion, while myocardial in-
farction usually requires actual occlusion and is not
precipitated by ischaemia alone. Suggestive support
of our data relating to a lower than expected inci-
dence of angina pectoris in newly diagnosed dia-
betics is to be found in the observation of Root et
al. [29], based on clinical evidence, that angina pec-
toris occurs a decade later in diabetics than in non-
diabetic patients and its frequency trebles during the
second decade of diabetes. The explanation for the
difference in angina pectoris experience might be
found in the pathophysiology of cardiac pain, for ex-
ample a close correlation has been shown between
the symptoms of angina pectoris and the excessive
regional formation of intermediate products of car-
bohydrate metabolism [30].
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