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Summary. A retrospective analysis of a cohort of 
5210 diabetic patients revealed a mortality rate 1.3 
times higher than in the general population of War- 
saw. The higher death rate in the cohort under study 
was mainly due to an excess mortality from coronary 
heart disease and cerebrovascular disease. The ex- 
cess mortality was greater in men than in 
women. The risk of death from cardiovascular dis- 
eases was higher among the patients with early onset 
diabetes. Mortality from cerebrovascular disease 
was highest in patients treated with insulin, inter- 
mediate in the group treated with oral drugs, and 
lowest in the group treated only with diet. The mor- 
tality ratio from coronary heart disease in men was 
not related to the method of hypoglycaemic therapy 
given at the onset or during the course of the diab- 
etes. In women, the highest mortality was in the 
group treated with insulin, intermediate in the group 
treated with oral agents, and lowest in the group 
treated with diet only. 
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Despite advances in the therapy and management of 
diabetes, patients suffering from this disease con- 
tinue to be exposed to an increased risk of prema- 
ture death. The high death rate is due to acute or 
late complications of diabetes, the most important of 
which are the macroangiopathies [1-5]. In 1972, an 
epidemiological study was undertaken in Warsaw on 
the fate of diabetic patients and possibly related fac- 
tors [6]. 

One of the aims of this study was to determine 

whether mortality from cardiovascular diseases is 
higher among diabetics than in the general popula- 
tion of Warsaw. The relationship between mortality 
and the type of hypoglycaemic treatment has also 
been investigated. 

Methods 

In Warsaw four specialised outpatient clinics are 
available for treatment of diabetic patients. Between 
Jan. 1, 1963 and June 30, 1973, about 13000 pa- 
tients were registered at these clinics. After a review 
of the clinic records, 5666 patients qualified for ad- 
mission to a study on the fate of diabetic patients. 
The group consisted of patients born between 1905 
and 1956 who, at the time of registration in the 
clinics, were residents of Warsaw, and in whom 
diabetes was diagnosed between Jan. 1963 and June 
1973. At the time of diagnosis all patients had blood 
glucose levels of at least 140 mg/100 ml either in 
the fasting state, 2 h after meals or after oral 
administration of glucose. 

(In Warsaw, during this period the "true" 
glucose was mostly measured by King's or by the 
ortho-toluidine method). 

The present study covers only those patients who 
at the time of diagnosis of diabetes were aged 30-68 
years, i.e. a group of 5261 patients. The remaining 
405 patients in whom diabetes was diagnosed before 
the age of 30 years were not included in the 
analysis. 

The fate of the patients was followed from diag- 
nosis of diabetes (registration in the clinics), until 
Dec. 31, 1973. In the event of death during the 
period of observation, the date, place and cause of 
death were recorded, derived from death certifi- 
cates. 
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The mode of treatment of diabetes was deter- 
mined from the documents of the outpatient clinics 
or hospitals, and interviews with patients. 

According to the type of hypoglycaemic therapy 
given during the first six months after diagnosis of 
diabetes, the patients were divided into the follow- 
ing subgroups: 
- dietetic treatment - this subgroup comprises pa- 

tients who during the first six months required no 
drug treatment being treated only with diet; 

- insulin treatment - this subgroup includes pa- 
tients who in the course of the first six months 
after diagnosis required daily injections of insulin 
lasting at least two weeks; 

- treated with oral drugs - this subgroup includes 
the remaining patients who received oral drugs 
during the first six months and who could not be 
included in either of the preceding subgroups. 
No subdivision of patients treated with oral 

agents has been attempted since derivatives of sul- 
phonylurea and biguanide were introduced in Po- 
land at different times (early 1960s for the former, 
and early 1970s for the latter). 

In all patients the duration of diabetes was esti- 
mated. By summing the number of years of dia- 
betes, the numbers of patient-years of observation 
and of hypoglycaemic treatment were obtained. 

Deaths in the course of observation were clas- 
sified into subgroups of hypoglycaemic therapy pre- 
scribed during the six months preceding death. 

In total group, the numbers of deaths were cal- 
culated, as well as numbers of deaths expected on 
the assumption of an equal probability of death with 
inhabitants of Warsaw in the years 1963-1973. The 
ratio of the number of actually observed deaths to 
the number expected was computed to constitute 
the so-called o/e ratio. 

Further analysis concerned the relation between 
the type of hypoglycaemic therapy employed initial- 
ly, or later, and mortality. Since mortality was re- 
lated to sex, age and duration of diabetes, the influ- 
ence of these variables on compared therapeutic ef- 
fects was eliminated by standardisation [7]. Elimina- 
tion was carried out in two phases. In the first phase, 
the material was divided into subgroups according to 
age, sex and duration of diabetes (Table 1). Within 
these classes, the actual number of deaths in relation 
to different categories of treatment was determined, 
and the number of predicted deaths was calculated 
assuming lack of any effect of treatment on mortali- 
ty. In the second phase, in each subgroup of treat- 
ment, predicted and actually observed deaths were 
summed up along the axes of 'age' and 'duration of 
diabetes', to form a single summary contingency 
table containing the totals for each sex. For the sum- 
mary table, values of Chi - square were determined 
in order to evaluate significance of differences in the 
predicted and observed numbers. The ratios of the 
number of observed to predicted deaths within dif- 
ferent therapeutic categories multiplied by 100 were 
equivalent to the standardised mortality ratios, illus- 
trated graphically in the figures. 

R e s u l t s  

The fate of 5210 diabetics was determined. Infor- 
mation was unavailable in 51 cases. Since their sex, 
age, duration of diabetes and type of hypoglycaemi c 
therapy were similar to the analyzed group, it can be 
assumed that no bias was introduced by their elimi- 
nation from the analysis. 

Table 1 presents the distribution of the investi- 
gated cohort by age at time of diagnosis of diabetes, 

Table 1. Mortality rate among 5210 diabetics according to sex and age at diagnosis of diabetes mellitus (traced to the end of 1973) 

Date of diagnosis of diabetes mellitus 

Age at 1963-1966" 1967-1970 b 1971-mid. 1973 r 
diagnosis M F M F M F 
of diabetes (n) mortality (n) mortality (n) mortality (n) mortality (n) mortality (n) mortality 
meUitus % % % % % % 

30-39 (88) 4.6 (78) 3.9 (96) 4.2 (82)2.4 (53) 1.9 (42) 2.4 
40-49 (144) 13.2 (158) 4.4 (275) 6.6 (258)2.7 (222) 2.7 (157) 0.7 
50-59 (302) 20.2 (436) 11.7 (411) 10.5 (476)4.5 (246) 2.1 (316) 1.0 
60+ (31) 29.0 (39) 23.1 (287) 12.6 (370)9.0 (284) 15.0 (359) 2.5 

Total (565) 16.5 (711) 9.8 (1069) 9.5 (1186)5.4 (805) 3.6 (874) 1.6 

a the oldest persons at 
b the oldest persons at 
r the oldest persons at 

diagnosis of diabetes mellitus were at 61 years 
diagnosis of diabetes mellitus were at 65 years 
diagnosis of diabetes mellitus were at 68 years 
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date of diagnosis, sex, and mortality during the ob- 
servation period. In each subgroup of duration, the 
mortality in men was twice that in women. 

In all, 370 patients died, including 223 men and 
147 women. The causes of death are recorded in 
Table 2. Cardiovascular diseases accounted for 52% 
of deaths in men and 36% in women. 

Analysis revealed a 1.3-fold excess mortality 
among diabetics. The excess mortality in men and 
women was similar (Table 3). 

Comparison of mortality from coronary heart 
disease and cerebrovascular disease showed a much 
higher excess mortality among diabetics than had 
been the case for general mortality (Table 3). 
Among diabetic men, deaths from coronary heart 
disease were twice that of the general population, 
and in diabetic women 1.8 times higher. Mortality 
from cerebrovascular disease was 3.0 times higher in 
diabetic men and 1.5 times in women, compared 
with mortality from these causes in the general 
population of Warsaw (Table 3). However, com- 
parison of excess mortality between the diabetic pa- 
tients and the general population, after exclusion of 
deaths due to cardiovascular diseases, revealed that 
the number of deaths among diabetics was equal to 
the number of deaths occurring in the general popu- 
lation. We concluded that the excess of deaths in 
this cohort of diabetic patients was mainly a result of 
higher mortality from cardiovascular diseases. 

The excess mortality from cardiovascular dis- 
eases was related to age at the time when diabetes 
was discovered. In the group of patients in whom 
diabetes was discovered between ages 50 and 68 
years, the excess mortality was half that in the group 
of patients in whom diabetes was discovered be- 
tween the ages of 30 and 49 years (Table 3). 

Overall, excess mortality in diabetic patients was 
clearly related to the type of initial treatment of 
diabetes. Highest mortality ratios were observed in 

/nsull)7 

~. 200t ~ Hales  

; /  
100 

~" 0 

V ~ o r a l  aqents . ~ alet 

reroales 

obs. 

Fig. 1. Standardised mortality ratios from all causes among diabe- 
tics according to sex and initial hypoglycaemic treatment. Among 
men 477 were treated with insulin, 1836 with oral agents and 124 
with diet only. Among women 392 were treated with insulin, 
2196 with oral agents and 183 with diet only 

Table 2 .  Deaths among diabetics according to sex and cause of 
death 

Male Female 
Causes of deaths (2439) (2771) 

n % n % 

Myocardial infarction "~ 45 20.2 19 12.9 
(410-414) 

Sudden death (795) CHD 23 10.3 6 4.1 
Other heart diseases 17 7.6 12 8.2 

(420-429) 
Cerebrovascular disease (CVD) 31 13.9 16 10.9 

(430-438) 
Cirrhosis (571) 18 8.1 12 8.2 
Cancer (140-209) 38 17.0 33 22.4 
Accidents 10 4.5 3 2.0 
Other causes 38 17.0 34 23.1 
Causes unknown 3 1.3 12 8.2 

Total 223 100.0 147 100.0 

( ) In parentheses there are numbers of causes of deaths ac- 
cording to VIII-th Revision of International Statistical classifica- 
tion of Diseases, Injuries and Causes of Death 

Table 3. Comparison of the mortality rates among diabetics with that of the Warsaw inhabitants, according to sex, age at diagnosis of 
diabetes mellitus and causes of deaths 

Deaths from CHD Deaths from CVD All deaths 
Age at diagnosis 
of diabetes observed expected a o/e observed expected a o/e observed expecte& o/e 
mellitus ratio ratio ratio 

30-49 M 18 5.3 3.40 4 1.0 4.00 52 24.4 2.13 
F 6 1.8 3.33 3 0.8 3.75 21 13.2 1.61 

50-68 M 67 38.2 1.75 27 9.5 2.84 171 145.1 1.17 
F 31 19.3 1.60 13 10.1 1.30 126 102.9 1.22 

Total M 85 43.5 1.95 31 10.5 2.95 223 169.5 1.31 
F 37 21.1 1.75 16 10.9 1.47 147 116.1 1.27 

a mortality rates in Warsaw in the period 1963-1973 were used as standard. CHD and CVD see Table 2 
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Fig. 2. Standardised mortality ratios from coronary heart disease 
among diabetics according to sex and A) initial hypoglyeaemic 
treatment, B) hypoglycaemic treatment given during the course 
of the diabetes. Number of person-years of each treatment are 
presented in Table 4. * Two deaths among men and one among 
women occurred when treatment was not known and they were 
excluded from analysis 
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Fig. 3. Standardised mortality ratios from cerebrovascular disease 
among diabetics according to A) initial hypoglyeaemic treatment, 
B) hypoglycaemic treatment applied during the course of dia- 
betes. * Five deaths among men and one among women occurred 
when treatment was not known and they were excluded from 
analysis 

Table 4. Age-standardised mortality rates from coronary heart 
disease among diabetics according to sex and hypoglycaemic 
treatment given during the course of the diabetes meUitus 

Male Female 

Hypoglycaemic Person-years SMR Person-years SMR 
treatment n n 

Insulin 1896 8.5 2273 6.2 
Oral agents 7066 9.2 8664 2.5 
Diet 785 5.4 1096 0.8 

SMR - age standardised mortality rates on 1000 person-years. 
Number of observed deaths in each group of person-years of 
hypoglycaemic treatment are presented in Figure 2 B 

the group of patients t reated with insulin, inter- 
mediate  values in the group t reated with oral drugs, 
and lowest in the group managed  with diet only, in 
men as well as in women.  The  differences in the 
numbers  of predicted and observed deaths between 
the various t rea tment  groups were statistically sig- 
nificant for both  sexes (Fig. 1). 

Excess mortal i ty f rom cardiovascular diseases 
was analyzed similarly, taking into account initial 
t rea tment  as well as t rea tment  during the course of 
the diabetes. With respect  to coronary heart  disease 
in men,  excess mortali ty was not related to initial 

t rea tment  or  to t rea tment  during the course of the 
diabetes (Fig. 2). Among  women,  greatest  excess 
mortal i ty was in the group t reated initially or during 
the course of the diabetes with insulin. In termedia te  
values were observed in the group t reated with oral 
drugs, and lowest values in the group t reated only 
with diet. Differences in predicted and observed 
numbers  of deaths between different t rea tment  
groups were  statistically significant for  both  initial 
and subsequent t reatment  (Fig. 2). 

In order  to compare  excess mortal i ty  f rom coro- 
nary heart  disease between men  and women within 
comparable  t rea tment  groups, mortal i ty  rates stand- 
ardised for age were calculated in relation to 
pat ient-years  of hypoglycaemic t rea tment  (Table 4). 

The  sex difference was lowest in insulin t reated 
patients,  women  being similar to men  among all 
groups. In the oral agents group, male  excess mor-  
tality exceeded that  of females by a factor  of 3.7, 
whereas  in the dietary t rea tment  group the male  ex- 
cess mortal i ty was increased 6.8 fold. 

Excess mortali ty f rom cerebrovascular  disease 
was also related to the type of hypoglycaemic 
therapy in both sexes, but  no sex- t rea tment  interac- 
tion of the kind described above for coronary heart  
disease was apparent.  Hence,  the results in men 
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were combined with those in women, and are rep- 
resented in Figure 3. Highest excess mortality from 
cerebrovascular disease was observed in the group 
of patients treated with insulin, intermediate in the 
group treated with oral agents, and lowest in the 
dietary group. This was observed in relation to the 
initial treatment as well as to the treatment during 
the course of the diabetes. 

Differences in the numbers of observed and pre- 
dicted deaths between the treatment groups were 
statistically significant only if excess mortality was 
analyzed in relation to treatment during the course 
of the diabetes. 

Discussion 

The discovery of insulin and its use in the treatment 
of diabetes, as well as sulphonamides and antibiotics 
have dramatically reduced the number of deaths 
from acidotic coma, infection and surgery. The use 
of these highly effective drugs has prolonged the 
average expectation of life of diabetics, but it has 
simultaneously revealed other problems related to 
vascular complications [1-4]. 

Kessler found that in the cohort of Joslin Clinic 
diabetic patients excess mortality was mainly due to 
cardiovascular diseases [5]. The longitudinal studies 
in Framingham showed that excess mortality from 
cardiovascular complications in diabetes was twice 
as high in men and four times as high in women [8]. 

The study carried out in Warsaw has also con- 
firmed a two times higher excess mortality from car- 
diovascular diseases in diabetics compared with the 
general population of Warsaw. In contrast, however, 
to results of other studies [5, 8] the excess mortality 
was higher in men than in women. No apparent 
cause for this was found. 

Excess mortality from cardiovascular diseases in 
diabetic patients in comparison with the normal 
population may be either due to higher case fatality 
from myocardial infarction and stroke in diabetics, 
or higher prevalence of cardiovascular diseases 
among diabetics, or both. Some clinical observations 
indicate that hospital mortality from myocardial in- 
farction in diabetics is twice as high as in non-diabe- 
tic patients [9, 10]. It has also been shown that the 
higher hospital death rate is not due to more fre- 
quent complications of myocardial infarction but is 
the result of more severe outcome of complications 
when they are present. This is particularly true for 
cardiac arrhythmias and disorders of conduction 
(paper in preparation). 

So far no similar studies on the clinical course of 
cerebrovascular events in diabetic patients seem 

available. However, case fatality from stroke is 
probably higher in diabetics compared with non- 
diabetics. 

A high prevalence of cardiovascular diseases in 
diabetics has been found in numerous studies, and 
has been attributed to a greater prevalence of car- 
diovascular risk factors coexisting with diabetes or 
developing during the course of this disease [8, 11, 
12, 14]. A significant excess of cardiovascular condi- 
tions has been attributed to hyperglycaemia and 
concomitant metabolic disturbances [13]. Many au- 
thors found that hyperglycaemia predisposes to car- 
diovascular complications, particularly in women [8, 
11, 12, 14]. In Warsaw we found that mortality from 
coronary heart disease was especially high in insulin- 
dependent female diabetics. Mortality in this group 
was similar to that found in males. It may be con- 
cluded that in the presence of insulin treatment, 
diabetic women are prone to arteriosclerotic lesions 
in the heart to the same degree as male diabetics. 
Clarification of these problems requires further in- 
vestigation, particularly to the problem of diabetes 
increasing the risk of death from cardiovascular dis- 
eases, especially if onset of diabetes is early. 

At the beginning of the 1970s, a group of 
American universities (UGDP) reported studies in- 
dicating that oral antidiabetic drugs when given to 
diabetic patients increase the risk of cardiovascular 
death [16-18]. It may be assumed that if these drugs 
markedly enhance the chance of death, excess mor- 
tality from cardiovascular diseases in the group of 
patients treated with these drugs should be much 
higher than in the remaining therapy groups both in 
men and women. Our results, however, do not con- 
firm this assumption or the results of UGDP. This is 
not to say that these findings invalidate the conclu- 
sions reached by UGDP since the research models, 
methods and populations differ in both investiga- 
tions. In addition, in the present study small de- 
leterious effects of oral drugs could be missed be- 
cause of inclusion of some stronger factors such as 
insulin-dependency among women or cardiovascular 
risk factors in males. 
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