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Summary. We repor t  on the incidence of new macrovascular  
disease among the 497 members  of the London  Cohor t  of the 
W H O  Mult inat ional  Study of Vascular Disease in Diabetics 
(aged 35-54 years at recrui tment)  over a mean 8.33 year  fol- 
low-up period.  Overal l  at the end of the follow-up per iod  the 
prevalence of macrovascular  disease in the cohort  was 45%; 
43% of the subjects showed evidence of ischaemic hear t  dis- 
ease, 4.5% ofcerebrovascula r  disease and 4.2% of per iphera l  
vascular disease. The incidence rates for new disease in those 
subjects who were free at basel ine expressed per  1000 pat ient  
years of follow-up were: ischaemic E C G  abnormal i ty  23.6 
(patients with insul in-dependent  diabetes  19.8, pat ients  with 
non- insul in-dependent  diabetes  28.1), myocardia l  infarction 
17.6 (patients with insul in-dependent  diabetes  16.5, patients 
with non- insul in-dependent  diabetes  18.8), all ichaemic heart  

disease 31.7 (patients with insul in-dependent  diabetes  30.3, 
pat ients  with non- insul in-dependent  diabetes 33.4), cerebro-  
vascular disease 5.9 and per iphera l  vascular disease 5.2. In- 
cidence rates were general ly similar among men and women 
except  for myocardia l  infarction in pat ients  with non-insulin- 
dependent  diabetes where men had a significantly higher in- 
cidence rate. Macrovascular  disease is a major  p rob lem in pa- 
tients with diabetes  and in this age group is mainly 
manifested as ischaemic hear t  disease. 
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Much  of  the  ill hea l th  and p r e m a t u r e  mor t a l i t y  in pa t ien ts  
with d iabe tes  mel l i tus  is caused  by  mac rovascu l a r  disease;  
i schaemic  hea r t  d isease ,  p e r i p h e r a l  vascu la r  d isease  or  
ce reb rovascu la r  d isease  e i the r  a lone  or  in combina t ion .  

T h e  W H O  Mul t i na t i ona l  S tudy of  Vascular  D i sease  in 
Diabe t i c s  has inves t iga ted  i n t e rna t i ona l  d i f ferences  in 
the  p reva l ence  of  the  vascu la r  compl ica t ions  of  d iabe tes  
[1] and  assoc ia ted  mor t a l i t y  ra tes  [2, 3]. Pa t ien t s  re-  
c ru i ted  for  the  Mul t i na t i ona l  S tudy were  b e t w e e n  35 and 
54 years  old  at  entry:  an age range  chosen  to be  l ikely  to 
d isp lay  the  e m e r g e n c e  of vascular  compl ica t ions  bu t  no t  
ye t  to be  undu ly  d i s to r ted  by  p r e m a t u r e  mortal i ty .  We re-  
po r t  he re  the  inc idence  of  new mac rovascu l a r  events  in 
the  497 pa t i en t s  of  the  L o n d o n  cohor t  ove r  a m e a n  8.33 
yea r  fol low-up.  

Subjects and methods 

Recruitment for the WHO Multinational Study was based on at- 
tained age and diabetes duration: men and women with diabetes 
were divided into one of three age groups (35~41 years, 42- 

48 years, 49-55 years) and one of three groups based on diabetes 
duration ( > 6 years, 7-14 years, > 14 years): selection for each of 
nine age/duration cells was then made randomly and separately for 
each sex. The patients were recruited from King's College, Guy's 
and St. Thomas's Hospitals in London. A diabetic patient was 
defined as a person who had been receiving treatment for diabetes 
at one of the participating hospitals for more than a year. In this re- 
port an insulin-dependent patient is defined as one who started in- 
sulin treatment within one year of diagnosis and who had conti- 
nued to use it subsequently and continuously. All others are 
regarded as having non-insulin-dependent diabetes. Of the 497 pa- 
tients entering the study in London 254 were men and 245 were 
women. The composition of the London Cohort by sex and 
diabetes type is shown in Table 1. 

At baseline each patient was submitted to a standard examin- 
ation. This included completion of the WHO questionnaire for 
symptoms of cardiovascular disease [4] and enquiry about diabetes 
diagnosis, duration and treatment. Full details of the WHO Multina- 
tional Study procedures have been published previously [1]. Height, 
weight and arterial blood pressure were measured, urine was tested 
for proteinuria using the salicylsulphonic acid method [5] and ven- 
ous blood was taken for the estimation of total cholesterol and crea- 
tinine. A resting 12-iead electrocardiogram (ECG) was recorded 
and Minnesota coded [4] independently by two experienced ob- 
servers; these observers coded both the baseline and follow-up elec- 
trocardiograms. 
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Table 1. The London cohort of the WHO Multinational Study of 
Vascular Disease in Diabetics at baseline by sex and diabetes type 

Men Women 

Patients with insulin-dependent diabetes t18 125 
Patients with non-insulin-dependent diabetes 136 118 

(Diabetes type defined by interval between diagnosis and starting 
continuous insulin treatment: < 1 year = insulin-dependent diabe 
tes, other = non-insulin-dependent diabetes) 

Those who died during the follow-up period were traced via the 
National Health Service Central Registry who provided a copy of 
the death certificate. Attempts were then made to obtain as much 
further information as possible from clinical records and/or autopsy 
results. On the basis of al[ available information an underlying cause 
of death was agreed for each patient by a committee of four physi- 
duns. This agreed cause is used in the analysis. 

The surviving patients were invited to attend a follow-up exam- 
ination with almost the same format as the baseline ascertainment. 
Home visits were offered to patients not attending for re-examin- 
ation; if this was not possible then systematic enquiries were made to 
get information from the patient, from their general practitioner and 
from any hospital clinic they were attending. The follow-up status of 
the cohort is shown in Table 2. The information collected during the 
33 home visits was identical to that obtained inLhose patients who at- 
tended the hospitals for follow-up and included an electrocardio- 
gram. In general the reason for performing a home visit was because 
the patients were unwilling to come for a special study visit rather 
than because of incapacity due to illness. 

The baseline and follow-up information has been used to create 
outcome variables for macrovascular complications. For each com- 
plication the patients are divided into four groups 1) those who had 
evidence of a complication at baseline, 2) those who developed that 
complication during follow-up, 3) those without evidence of that 
complication at the end of the follow-up and 4) those for whom there 
is insufficient or no follow-up information regarding the complica- 
tion. 

The status at follow-up is defined by outcome variables including 
cause of death (where appropriate), results of the follow-up ques- 
tionnaire and investigations, and patient and physician reported in- 
formation. Outcome variables for 'ischaemic ECG abnormality', 
'myocardial infarction', 'ischaemic heart disease', 'peripheral vascu- 
lar disease' and 'cerebrovascular disease'have been defined. Angina 
pectoris has not been analysed separately as an outcome but is used 
in the definition of ischaemic heart disease. Ischaemic heart disease 
includes those subjects with evidence of any of the following: 
myocardial infarction, angina pectoris or ischaemic ECG abnor- 
mality (ischaemic heart disease possible or probable [below]). 
Myocardial infarction, ischaemic heart disease and cerebrovascular 
disease include both fatal and non-fatal events: peripheral vascular 
disease incidence relates only to surviving patients. 

The outcomes were defined as follows: 
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Myocardial infarction 

a) At baseline: A patient was considered to have had a myocardial in- 
farction if either their ECG showed 'definite ischaemic heart dis- 
ease' or they answered 'yes' to the question on 'severe chest pain 
lasting 30 rain or more'  in the WHO Cardiovascular Questionnaire 
('pain of possible infarction') [4] or there was evidence in the follow- 
up questionnaires of a medically authenticated and dated myocar- 
dial infarction occurring before the date of the original interview. 

b) At follow-up: The definition for a myocardial infarction at follow- 
up is similar to that at baseline using the ECG changes and the 'pain 
of possible infarction' question in the WHO Cardiovascular Ques- 
tionnaire [4]. In addition those cases with myocardial infarction as 
the underlying cause of death or those with a medically authenti- 
cated and dated myocardial infarction during the follow-up were in- 
cluded as positive. 

Angina pectoris 

Angina at baseline and follow-up was defined by positive answers to 
the WHO Cardiovascular Questionnaire [4]. The follow-up defini- 
tion for angina also included new angina during the study period in 
patients not fully re-ascertained if medically authenticated and 
dated. 

Total ischaemic heart disease 

Patients were defined as having ischaemic heart disease at baseline if 
they had either an abnormal ECG (possible or definite ischaemic 
heart disease) or angina or evidence of myocardial infarction (as 
defined above). Ischaemic heart disease at follow-up was defined 
using the same criteria with the addition of deaths with ischaemic 
heart disease as the underlying cause of death. 

Cerebrovascular disease 

Cerebrovascular disease at baseline was defined by the response to 
the question on stroke in the original questionnaire. This was re- 
peated in the main follow-up questionnaire. The follow-up defini- 
tion for cerebrovascular disease also included new cerebrovascular 
events during the study period in patients not fully re-ascertained if 
medically authenticated and dated. 

Peripheral vascular disease 

This was defined at baseline by appropriately positive answers to the 
questions about leg pain in the WHO Cardiovascular Questionnaire 
[4]. At follow-up, in addition to this, patients with new medically 

Ischaemic ECG abnormality 

This employed the same definitions in both original and follow-up 
phases using Minnesota coding to identify three groups 1) ischaemic 
heart disease probable; major and medium Q waves or complete left 
bundle branch block (Minnesota codes 1-1, 1-2, 7-1), 2) ischaemic 
heart disease possible; ST segment abnormalities if accompanied by 
abnormal T waves, minor Q/QS wave changes (Minnesota codes 
1-3, or any of 4-1, 4-2, 4-3 if accompanied by 5-1 or 5-2 or 5-3, 
3) ischaemic heart disease unlikely (all other Minnesota codes). 
ECG results in the analyses in this report are classified as abnormal; 
groups 1) and 2) above, or normal; group 3). Only those patients in 
whom a second ECG was obtained could be included in the ECG fol- 
low up results and the numbers ascertained for this outcome are 
therefore considerably smaller than for any of the other macrovascu- 
lar outcomes. 

Table 2. The follow-up status of the cohort 

Patients with Patients with non- 
insulin-dependent insulin-dependent 
diabetes diabetes 

n % n % 

Died before follow-up 20 8.2 34 13.4 

Seen at follow-up 189 77.8 166 65.3 

Questionnaire information 26 10.7 35 13.8 
only 

Alive but no other infor- 5 2.1 11 4.3 
mation 

Life/death unknown 3 1.2 8 3.2 
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authenticated and dated peripheral vascular disease during the fol- 
low-up period were also included. Amputations were only included 
if they were due predominantly to arterial disease, amputations for 
neuropathic disease being excluded. No information about periphe- 
ral vascular disease in the non-survivors is included as no consistent 
method of ascertainment could be devised. No patient died from 
causes related to peripheral vascular disease. 

Results 

Figure I shows the numbers of patients with either type 
of diabetes in each of the categories for ischaemic E C G  
abnormality, myocardial infarction and total ischaemic 

heart disease at the end of the follow-up. Results for pe- 
ripheral vascular disease and cerebrovascular disease are 
shown in Figure 2, these results are presented for the 
whole group as the numbers of incident events were 
small. Variation in the number of patients without follow- 
up information is due to the way that the various ca- 
tegories are defined. 

At the end of a mean 8.33 year follow-up (range 6- 
10.1 years) 45% of the cohort (224 patients) showed evi- 
dence of some manifestation of macrovascular disease, 
43% (214 patients) appeared free of all forms ofmacrovas- 
cular disease, with insufficient evidence to make a diag- 
nosis in the remaining 59 patients. There was evidence of is- 
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Fig.4a-c. Incidence rates for a new ischaemic ECG abnormality, 
b new myocardial infarction and c all new ischaemic heart disease 
during the follow-up by sex. ([~ = men, [ ]  : women) * p < 0.05 

chaemic heart  disease in 43% of the original 497 patients 
after the follow-up; 161 out of 387 living patients and 53 out 
of the 92 who had died. 23.6% showed evidence of myo- 
cardial infarction and 24.3% had an abnormal  ECG.  The 
proport ions for cerebrovascular disease (4.5%) and 
peripheral vascular disease (4.2%) are much lower. 

Figure 3 shows the incidence rates for the ischaemic 
heart disease outcome variables in those subjects free of 
disease at baseline expressed as new cases per 1000 pa- 
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tient years of follow-up. There  were too few cases of cere- 
brovascular disease and peripheral  vascular disease to cal- 
culate separate rates for the two diabetes types. For the 
group as a whole the rates are: cerebrovascular disease; 
5.9 new cases per  1000 patient years and for peripheral  
vascular disease; 5.1 new cases per  1000 patient years. The 
rates for ischaemic heart  disease events are about 6 times 
higher than those for peripheral  vascular disease and cere- 
brovascular disease in this age group. The rates for total is- 
chaemic heart disease and for myocardial  infarction are 
similar for patients with either type of diabetes. Although 
new ischaemic E C G  abnormalities appear  more  common 
in patients with non-insulin-dependent than in those with 
insulin-dependent diabetes, the 95% confidence intervals 
for the rate difference are wide and the difference is non- 
significant. 

Figure 4 shows the incidence rates for new ischaemic 
heart disease events calculated by sex for the whole cohort 
and for either diabetes type. Whilst the rates for new total 
ischaemic heart  disease and for new ischaemic E C G  
change are similar for men and women there is a signifi- 
cantly higher rate of new myocardial  infarction amongst 
men with non-insulin-dependent diabetes than among 
women with non-insulin-dependent diabetes (p < 0.05, 
rate difference [men - women] 13.73 cases per  1000 years 
of follow-up, 95% confidence interval 1.5-25.9). The simi- 
lar overall ischaemic heart  disease rate in the two sexes for 
patients with non-insulin-dependent diabetes is ac- 
counted for by a higher incidence rate of new angina in 
women with non-insulin-dependent diabetes than in men. 

Discussion 

Almost  half of the cohort had acquired evidence of is- 
chaemic heart  disease by the end of the follow-up. 21.4% 
of those followed-up developed new ischaemic heart dis- 
ease during the follow-up, an incidence of 31.7 per  
1000 patient years of follow-up. In view of the difficulties 
in ascertaining ischaemic heart  disease in those who died 
of other causes, the calculated rates are likely to be under- 
estimates of the true incidence. Incidence was similar for 
the two types of diabetes as was the incidence of all is- 
chaemic heart  disease and myocardial  infarction ex- 
pressed per  1000 patient years of follow-up. Incidence per  
1000 patient years of new ischaemic E C G  abnormali ty 
was higher in patients with non-insulin-dependent 
diabetes than in patients with insulin-dependent diabetes 
but the rates as crude percentages are similar. There  are 
few comparable  studies in the literature but the figures re- 
semble those repor ted by Krolewski et al. [6] f rom the Jos- 
lin Clinic in an American  cohort of patients with insulin- 
dependent  diabetes where the cumulative incidence of 
fatal and non-fatal coronary artery disease was 50% by 
age 50 years. The average annual incidence of cardiovas- 
cular disease per  1000 diabetic patients aged 55-64 years 
at risk in the Framingham population was 48.1 for men 
and 37.9 for women; in the age-group 45-54 years rates 
were 31.7 for men and 24.8 for women [7]. In the London 
follow-up, overall incidence rates for ischaemic heart  
disease were very similar in the two sexes; myocardial  in- 
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farction rates were significantly higher for men than 
women with non-insulin-dependent diabetes but in pa- 
tients with insulin-dependent diabetes this was not seen. 
The finding that rates in men and women are similar in in- 
sulin-dependent diabetes is in accord with the results on 
mortality [3] in this group where we found that the female 
survival advantage seen in the general population in this 
age group did not appear to operate in patients with in- 
sulin-dependent diabetes. The mortality results suggested 
that among patients with non-insulin-dependent diabetes 
there was some female advantage and to a degree this may 
be reflected here with a significantly higher incidence rate 
of myocardial infarction among men with non-insulin-de- 
pendent diabetes. This sex difference was, however, only 
found in the incidence rates for myocardial infarction and 
not in the other two ischaemic heart  disease outcomes 
studied and it is difficult to be sure of its biological sig- 
nificance. Secular changes in cardiovascular disease in 
both the USA and the UK over the last two decades may 
contribute to the higher, earlier US rates. 

In a clinic population in Birmingham, UK with a mean 
age of 49 years, Shapiro [8] reported a prevalence of 19% 
for Minnesota coded E C G  abnormalities suggestive of 
myocardial ischaemia or infarction which is similar to the 
prevalence after the follow-up reported here. The Bir- 
mingham patients were a mixture of new and established 
cases and duration was not reported. 

There were relatively few cerebrovascular events dur- 
ing the follow-up with 4.4% (21 cases) of those followed- 
up becoming affected during the follow-up; an incidence 
rate of 5.9 per 1000 patient years of follow-up, about 20% 
of the rate for total ischaemic heart disease. A recent Fin- 
nish report  of patients with non-insulin-dependent 
diabetes aged 45-64 years found a prevalence of 5.7-8.0% 
for men and 3.6-5.1% for women of 'verified definite or 
possible stroke' [9]. This is similar to the final prevalence 
in the whole London cohort. The average annual in- 
cidence for 'atherothrombotic brain infarction' in the 
Framingham diabetic population was 1.0-2.0 per 1000 pa- 
tients at risk for men in the 45-64 year age range and 
0.6-1.8 for women, rising to 5.2 for men and 5.5 for women 
aged 65--75 years. Overall age-adjusted annual incidence 
rates for patients with diabetes were 4.7 per 1000 for men 
and 6.2 per 1000 for women; for the general Framingham 
population the rates were 1.9 and 1.7 per 1000 respectively 
[10]. These figures exclude cerebral haemorrhage and em- 
bolic cerebral infarction. 

The rates for new cases of peripheral vascular disease 
are also much lower than those for ischaemic heart dis- 
ease with 21 new cases during the follow-up (5.9 per 
1000 patient years of follow-up). Lower extremity ampu- 
tations are 15 times more common in patients with 
diabetes than in those without [11]. It is therefore surpris- 
ing that the rates of peripheral vascular disease as evi- 
denced by symptoms of intermittent claudication and/or 
gangrene/amputation for arterial disease were not higher 
in the London W HO follow-up (although they may have 
been higher than rates in a non-diabetic population). A 
recent report from the Framingham study gives age-ad- 
justed 2-year incidence rates for intermittent claudication 
among patients with diabetes of 15.6 per 1000 for men 

and 9.1 per 1000 for women aged less than 50 years and 
considerably higher in older age groups [12]. Kreines et 
al. [13] have reviewed the literature on peripheral vascu- 
lar disease in patients with non-insulin-dependent 
diabetes and quote a composite incidence rate of 8-12 
per 1000 person years for intermittent claudication in 
out-patient studies. Using a similar definition of intermit- 
tent claudication to that used in the W H O  Multinational 
Study they reported annual incidences for intermittent 
claudication of 29 per 1000 men and 19 per 1000 women 
in a population of 619 patients with non-insulin-depen- 
dent diabetes followed-up for 13 years but with low rates 
of amputation; they do not quote the ages of their pa- 
tients. The Finnish study of Laakso et al. [9] in patients 
with non-insulin-dependent diabetes of a similar age to 
our patients also used the W H O  questionnaire and found 
a prevalence of intermittent claudication of 5,4-21.6% in 
men (depending on the part of the country) and 5.8-7.7% 
in women. The rates in London therefore seem low com- 
pared to those from other centres although differing 
methods of patient selection, ascertainment and analysis 
make direct comparison between studies difficult. It is to 
be hoped that the provision of specialised diabetes foot 
services in recent years may have lowered the rate of am- 
putations in this hospital-based cohort. The true in- 
cidence of peripheral vascular disease in this diabetic co- 
hort may have been masked by the loss from the cohort 
by deaths from ischaemic heart  disease with which it is 
strongly associated [12, 13]. 

This study reaffirms the important problem of macro- 
vascular disease in people with diabetes. In the age group 
studied the risk from ischaemic heart  disease oversha- 
dows the impact of the disease of the peripheral and cere- 
bral circulations. 
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