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The prognosis of a patient with Type 2 (non-insulin-de- 
pendent) diabetes mellitus varies considerably from one 
individual to another. The reasons for the variability in 
the individual prognoses include (1)the possibility that 
Type 2 diabetes in a given patient represents a clinically 
inconsequential metabolic disorder without any seque- 
lae for length and quality of life; (2) the occurrence of 
severe, life-shortening vascular complications in asso- 
ciation with Type 2 diabetes; and (3) the development of 
acute life-threatening events such as (hyperosomolar or 
ketoacidotic) coma or iatrogenic complications, e.g. hy- 
poglycaemia. As with other chronic diseases, general- 
isations of the prognoses of Type 2 diabetes by means of 
mortality and survival statistics are of limited predictive 
value for individual outcomes. However, knowledge 
about its course and natural history characterises the 
impact of the disease on public health, thus forming an 
essential basis for improved prevention and therapy 
strategies. 

Methodological problems in assessing mortality 

Epidemiological analyses of prognoses of Type 2 diabe- 
tes are difficult to interpret, due to both inter-individual 
variations and considerable methodological problems. 
Therefore, before reviewing results of recent studies 
concerning mortality and survival in Type 2 diabetes, it 
appears necessary to briefly highlight the most impor- 
tant critical points of view; no attempt will be made, 
however, to give a comprehensive survey of this ambig- 
uous subject. 

Apart from a few recent reports [1, 2], mortality sta- 
tistics related to non-insulin-dependent diabetes have 
been based on study populations in which no distinc- 
tion has been made between both major types of the 
disease. In general, the clear-cut classification of Type 1 
(insulin-dependent) and Type2 (non-insulin-depen- 
dent) diabetes still constitutes an unsolved problem [3, 
4], which is all the more evident in retrospective evalua- 
tions. Therefore, in most studies dealing with mortality 

in Type 2 diabetes, patients were classified according to 
the onset of the disease (e.g. beyond the age of 30, 40 or 
45, respectively) with the assumption that the vast ma- 
jority of non-insulin-dependent diabetic patients could 
be identified [5-9]. Age at onset and method of treat- 
ment are somewhat arbitrary criteria for classification 
of diabetic patients into those with Type I and Type 2 
diabetes [3, 10, 11]. However, when reviewing mortality 
statistics from investigations performed before the in- 
troduction of the current WHO classification, there is 
no other way to evaluate available data. The notorious 
lack of reliability and validity of death certificates rep- 
resents a further major problem concerning mortality 
statistics. In most countries, mortality records are dis- 
torted by under-reporting diabetes either as the underly- 
ing or contributory cause of death [12-16]. According to 
a recent review [6], the proportion of death certificates 
for diabetic individuals, not even coding for "diabetes", 
varies from 25% to 77%. In Type 2 diabetes the proba- 
bility of non-coding diabetes increases in the light of the 
age-related developnaent of multi-morbidity [8, 17]. On 
the other hand, it must be taken into account that the 
calculation of life expectancy is influenced by the extent 
of under-reporting in death certificates [15, 18, 19]. Mor- 
tality statistics on diabetes are frequently biased by un- 
avoidable and unknown selection factors. This limita- 
tion applies not only to the bias inherent in analyses of 
life insurance data, but also to cross-sectionally per- 
formed regional mortality studies and investigations 
carried out at prestigious diabetes centres. Statistics de- 
rived from analyses of hospital and clinic populations 
have proven to be particularly error-prone due to inevi- 
table referral bias [20, 21]. The most reliable results can 
be expected from prospective studies of defined cohorts 
recruited from general population surveys. However, 
some of those frequently quoted population-based in- 
vestigations include only a rather small number of lon- 
gitudinally observed patients, e. g. in Evans County [22], 
Bedford [23] or Framingham [24]. 

Finally, whether the Type 2 diabetes of today will 
experience the same prognosis in the future as presently 
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Table t .  
patients 

G. Panzram: Mortality and survival in Type 2 diabetes 

All-cause excess mortality in study populations consisting predominantly or exclusively of Type 2 (non-insulin-dependent) diabetic 

Author [reference number] Year Region Age at Excess mortality 

diagnosis Males Females Total 

Goodkin [251 

Krolewski et al. [26] 

Shenfleld et al. [13] 

Panzram and Zabel-Langhennig [27] 

1975 USA 

1977 

1978 

1981 

Reunanen [1] 1983 

Sasaki et al. [2] 1983 

Fuller et al. [17] 1983 

Barrett-Connor and Wingard [28] 1983 

Zwaag et al. [16] 1983 

Jarrett [29] 1985 

Warsaw 

Edinburgh 

Erfurt 

Finland 

Japan 

British Diabetes 
Assn. Cohort 

California 

Atlanta 
Memphis 

Whitehall 

40-49 
50-59 
60+ 

30-49 
50-68 

40+ 

40-49 
50-59 
60-69 
70-79 

Type2 

Type 2 

45-64 
65+ 

40-79 

45-54 c 
55-64 
65-74 
75+ 

Type 2 

2.13 
1.17 

1.15 
1.53 

1.80 
1.47 
1.40 
1.09 

2.0 

1.50 

1.98 
1.38 

1.5 

2.38 

1.61 
1.22 

1.41 a 
1.90 b 

1.86 
1.81 
1.37 
1.15 

2.7 

1.39 

2.72 
1.97 

2.3 

3.01 
2.13 
2.34 

2.07 
1.57 
1.26 
1.07 

Treatment with diet only; b treatment with oral drugs; ~ age at cohort-entry 

observed and retrospectively analyzed must be ques- 
tioned for several reasons. Due to the changing diag- 
nostic criteria of overt diabetes during the last several 
decades, former mortality and survival statistics cannot 
be considered representative of present study popula- 
tions of non-insulin-dependent diabetic patients de- 
fined by the current WHO criteria. Thus, most of the 
longitudinal and cross-sectional mortality studies on 
diabetic populations initiated in the sixties and seven- 
ties have included a considerable percentage of patients 
with "chemical" or "subclinical" diabetes - today la- 
belled as "impaired glucose tolerance" and usually n o t  

considered a facet of  Type 2 diabetes. 
All these shortcomings and fallacies in mortality sta- 

tistics of Type 2 diabetes must be kept in mind, and re- 
quire in principle a very cautious interpretation of the 
data published in this regard. 

All -cause  excess  morta l i ty  

The results of all-cause mortality analyses on study 
populations consisting predominantly or exclusively of 
patients with non-insulin-dependent diabetes are listed 
in Table 1. Besides two studies [26, 27], all investigations 
tabulated were performed prospectively with follow-up 
periods ranging from 7 to 20 years. The excess mortality 
risk in these studies was evaluated against age- and sex- 
related segments of the general population using vat-  

ious statistical methods. Notwithstanding the great vari- 
ations in data collection and study design, the data 
summarized in Table I justify the following general con- 
clusions: 

1) Age- and sex-related overall mortality rates of pat- 
ients with Type 2 (non-insulin-dependent) diabetes are 
approximately twice as high as those of non-diabetic in- 
dividuals. There are only relatively small inter-study dif- 
ferences in mortality risk between the findings of inves- 
tigations in different countries and at different times. 
The rather consistent pattern of excess mortality ap- 
pears surprising, particularly since the duration of pro- 
spective observation periods varies widely. 

2) Mortality in Type 2 diabetes is characterised by a sim- 
ilar pattern for both sexes. All studies correspond inso- 
far as the overall mortality rates in female Type 2 diabet- 
ic patients exceed or equal those in males. The loss of 
the favourable status of women characteristic of  the 
general population regarding their life expectancy em- 
phasizes the relatively greater impact of  Type 2 diabetes 
as a mortality risk in females than in males. 

3) Type 2 diabetes is associated with an increased mor- 
tality at all ages. However, the difference in death rates 
in comparison to those of the general population nar- 
rows remarkably with advancing age. As shown in 
Table 1, the degree of excess mortality declines consis- 
tently with increasing age at diabetes onset in all 
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Table 2. Age-related reduction of  life expectancy (mean of  years lost) 
in diabetic patients 

Age a Marks and Goodkin  Panzram and 
(years) Krall b 1975 [25] Zabel- 

1971 [32] Langhennig b 
1981 [271 

1 0 / <  15 (17) 27 - 
15-19 16-17 23 - 
20-29 12-14 16 - 
30-39 10-11 11 - 
40-49 8-  9 10 7-8 
50-59 6-  7 6 5-6 
60-69 (70) 4-  5 5 3 -4  
7 0 +  - 3 

a Age identified as age at onset  [25, 27] or attained age in decimal 
numbers  [32]; b calculated and rounded from given data 

studies. Our own representative 10year cohort study 
within the closed diabetic populat ionof the Erfurt dis- 
trict did not demonstrate any significant differences in 
the death rates of Type 2 diabetic patients beyond the 
age of 75 years as compared to non-diabetic control 
subjects [271. 

been demonstrated by the prospective 29-year case-con- 
trol analysis in Oxford, Massachusetts, which showed a 
diminished survival time of 10-15 years in females and 
6-9 years in males, respectively [33]. 

On the other hand, Type 2 diabetes with onset in the 
elderly has little or no effect on longevity [8, 18, 34]. Our 
own prognostic investigation in the diabetic population 
of the Erfurt district demonstrated no differences in life 
expectancy of non-insulin-dependent diabetic patients 
aged over 75 years [27, 35]. Similar observations have 
previously been reported from Birmingham [36]. Re- 
cently, reanalyses of the data of the Natural History 
Study from the Joslin Clinic provided nearly identical 
median survival times for diabetic patients diagnosed 
after age 70 as compared to the general population [7]. 

In accordance with the data on excess mortality, the 
survival pattern in Type 2 diabetes is found to be quite 
similar for both sexes [7, 12, 27]. Few studies suggest a 
particularly unfavourable prognosis for women [33], es- 
pecially in middle age [13, 17, 26]. In any case, since fe- 
males in the total population survive longer than males, 
the lack of any (or even an inverted) sex difference of 
reduction in life expectancy confirms the relatively 
greater prognostic impact of Type 2 diabetes in women. 

Reduction of life expectancy 

The question as to what extent Type 2 diabetes shortens 
life can be answered only with reservation. According 
to the recent Report of the WHO Expert Committee 
(1985), the life expectancy of non-insulin-dependent 
diabetic patients can either be normal or, on the aver- 
age, reduced by "several years" [30]. For various rea- 
sons, there are only few reliable data but many rough 
estimates. Due to the rather different prognoses of 
Type I and Type 2 diabetes, failure to distinguish be- 
tween them, or misclassification within study popula- 
tions, must be considered as particular sources of inac- 
curacy. 

Statistical evaluations correspond insofar as the dif- 
ference in length of life compared with the age- and sex- 
matched segments of the general population depends 
on the age at onset [7, 8, 12, 15, 18, 31]. For patients with 
non-insulin-dependent diabetes, as well as for those 
with insulin-dependent diabetes, the reduction in life 
expectancy declines continuously with increasing age at 
diagnosis. The data in Table 2 illustrate the results of 
three studies [25, 27, 32], expressed in terms of years 
lost. Despite great differences in the selection of the 
study populations and in overall study design, the num- 
ber of lost years is quite similar in the patients with dia- 
betes onset beyond the fourth decade of their lives, most 
of whom supposedly had Type 2 diabetes. Taken togeth- 
er, it appears justified to assume that the reduction in 
life expectancy of middle-aged patients with Type 2 dia- 
betes amounts to 5-10years on the average. In some 
studies the impact of non-insulin-dependent diabetes 
on survival proved to be even more pronounced, as has 

Cause ofdeath 

Reliable "cause-of-death" statistics are hardly available, 
particularly due to the limitations of prognostic studies 
in Type 2 diabetes. It must be considered a major prob- 
lem that nearly all studies fail to differentiate between 
the two main types of diabetes. The grouping of patients 
according to treatment and age at onset is frequently 
used for a retrospective arbitrary classification into 
Type1 and Type2 diabetes. Numerous recently re- 
viewed [37-40] clinical and epidemiological investiga- 
tions, including prospective studies in unselected popu- 
lation-based surveys, provide unequivocal evidence for 
cardiovascular and cerebrovascular diseases as the 
leading causes of mortality in Type 2 diabetes. 

Particular reliability must be ascribed to cause-of- 
death statistics emerging from geographically defined 
and systematically registered diabetic populations, i.e. 
those not distorted by under-reporting or selection bias 
and, in the vast majority, consisting of patients with 
non-insulin-dependent diabetes. The findings of such a 
valid epidemiological study of mortality rates based on 
a continuous and complete control register are shown in 
Table 3, which includes all 1694 diabetic patients de- 
ceased over an 11-year period in the Erfurt City district 
[41]. 

The data demonstrate that arterial disease accounts 
for approximately 50-60% of all deaths within this 
closed diabetic population. This finding corresponds to 
the frequency of deaths due to macroangiopathy found 
in two other population-based studies in Rochester, 
Minnesota [12, 14] at various time periods (1945-1970, 
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Table 3. Distribution (%) of causes of death in all deceased patients of the closed and centrally registered diabetic population of the Erfurt City 
district, 1960-1970 a 

Ambulatory Clinical Diagnosis Total b 
diagnosis diagnosis by autopsy 
n = 961 n =  362 n = 371 n = 1694 

Vascular disease 
Coronary heart disease 
Cerebrovascular disease 
General atherosclerosis 

including gangrene 
Renal disease 
Diabetic coma 
Infections 
Tuberculosis 
Malignant neoplasm 
Accident/Suicide 
Other causes 
Unknown 

66.0 55.2 46.4 
38.9 30.9 27.5 34.7 
25.6 20.4 14.1 22.0 

1.5 3.9 4.8 2.7 

59.4 

0.9 4.7 6.2 2.9 
1.4 4.7 6.2 3.1 
5.2 8.3 9.2 6.7 
0.6 1.1 1.3 0.9 
8.8 8.6 14.3 10.0 
2.2 2.5 1.6 2.1 
9.4 13.8 14.6 11.4 
5.5 1.1 0.3 3.4 

a Modified from Panzram et al. [41]; b among 1694 deceased diabetic patients, age at diagnosis below 40 years in 2.1% 

Table 4. Prospective population-based studies on coronary heart dis- 
ease mortality risk in predominantly middle-aged diabetic patients 

Study location Year Age Follow-up Mortality risk ratio a 

(years) (years) Males Females 

DuPont  1970 <20-64  e 10 2.87 b'd 
Company [42] 
Israel [43] 1977 _> 40 5 3.4 b' d 
Framingham [44] 1979 45-74 20 1.7 3.3 c 
Evans 1980 4.5 1.0 2 . 8  b 

County [22] 
Rancho 1983 40-79 7 2.4 3.5 c 
Bemardo [28] 
Warsaw [34] 1984 18-68 9.5 1.33 1.65 b 
Whitehall [45] 1985 40-64 10 2.45 ~ 
Chicago [46] 1986 35-64 9 3.8 4.7 c 
Finland [47] 1986 40-69 11 2.0 4.1 b, d 

a Rancho Bemardo and Warsaw identified ischaemic heart disease; 
Israel identified myocardial infarction; all others identified coronary 
heart disease; b relative risk (observed/expected death proportion, 
standardized mortality ratio) Evans County and DuPont Company 
not age-adjusted; all others age-adjusted; c multiply-adjusted risk in- 
cluding age and major coronary heart diesease risk factors with inter- 
study variations in covariates and statistical methods; d newly diag- 
nosed diabetic patients; e among a total of 370 diabetic patients, only 
9 patients aged below 40 years 

54%; 1965-1974, 49%). In a prospective study of pat- 
ients with Type 2 diabetes in Finland, Reunanen [1] ob- 
served a more frequent occurrence of deaths from car- 
diovascular disease (males, 72%; females, 69%). In a 
comprehensive world-wide review, Pyor~tla and Laakso 
[38] considered macroangiopathy to be the cause of 
death in 70-75% of diabetic patients deceased in mid- 
dle age or later. 

Table 3 illustrates, however, that the distribution of 
causes of death depends to a certain extent on different 
degrees of diagnostic reliability, e.g. whether the diag- 
noses were established in an outpatient setting, in a hos- 
pital or by autopsy. Undoubtedly the incidence of car- 

diovascular and cerebrovascular events is overestimat- 
ed in deceased outpatients, since sufficient diagnostic 
information for correct coding of cause of death is often 
not available [13]. 

Coronary heart disease represents the most promi- 
nent cause of death in Type 2 diabetes. Prospective pop- 
ulation-based studies in middle-aged diabetic patients, 
most of  whom apparently have Type2 diabetes, are 
summarized in Table 4. The age-adjusted cause-specific 
mortality rate for coronary heart disease proved to be 
2-4 times higher in diabetic patients than in comparable 
non-diabetic control subjects. Furthermore, a relatively 
greater excess risk for females appears evident. How- 
ever, in some studies the frequency of fatal coronary 
events was found to be equal in both sexes [26, 27, 48]. 
The coronary excess risk is due to a higher incidence of 
myocardial infarction [6, 12, 24, 26, 43, 49, 50], as well as 
an increased acute case fatality [7, 51, 52] and a more 
unfavourable long-term prognosis [9, 37, 53]. Besides 
coronary events, there is strong evidence that congestive 
heart failure without significant atherosclerosis occurs 
more frequently in diabetic patients than in the general 
population [28, 38, 47]. 

The second major cause of death in Type 2 diabetes 
is cerebrovascular disease, with a close relationship to 
the frequentlY co-existing hypertension. According to 
the most recent Report of  the WHO Committee [30], 
stroke accounts for 15% of all deaths in non-insulin-de- 
pendent diabetic patients. However, there are only few 
prospective and representative studies concerning inci- 
dence and prevalence of stroke in diabetic patients [29, 
47]. The data published to date justify the conclusion 
that approximately a 2- to 4-fold higher excess risk 
exists in both sexes for death from cerebrovascular dis- 
ease in Type 2 diabetic patients than in respective non- 
diabetic individuals [8, 47, 52, 54-56]. Only in a few 
studies was a more frequent occurrence of stroke found 
in females than in males [12, 54]. On the other hand, in a 
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Table 5. Prevalence of coronary risk factors (%) in newly diagnosed Type 2 (non-insulin-dependent) diabetic patients of the Diabetes Interven- 
tion Study (DIS) compared with the age-adjusted general population of the Dresden Study a 

Risk factor Type 2 diabetic patients General population Limits 
(n= 1139) (n= 1216) 

Hyperlipoproteinaemia (HLP) 17.6 7.6 
Hypertriglyceridaemia 11.3 3.4 Triglyceride _> 2.85 mmol/1 
Hypercholesterolaemia 3.5 3.7 and/or 
Mixed HLP 2.8 0.5 cholesterol >_ 7.76 retool/1 

Hyperuricaemia 22.5 3.8 Males > 416 p~mol/1 
Females > 357 ~xmol/1 

Hypertension 53.0 17.3 Blood pressure >_ 160/95 mm Hg 
Smoking 34.0 30.3 Tobacco > 1 g/day 

a Adapted from Hanefeld et al. [64, 65, 901 

large 12-year prospective study performed in Gothen- 
burg, Sweden, an increased incidence of stroke in mid- 
dle-aged diabetic women as compared to the general 
population could not be found [57]. In the oldest age 
groups of patients with Type 2 diabetes the mortality 
risk due to cerebrovascular events nears that of elderly 
people in the total population [38, 50]. 

There are few valid data about the development of 
nephropathy and the occurrence of renal death in 
Type 2 diabetes deriving from representative type-de- 
fined study populations. As far as can be judged at the 
present time, the frequency of death due to renal failure 
in non-insulin-dependent diabetic patients of Cauca- 
sian origin appears not to exceed 5%. Thus, the propor- 
tion of death from renal disease found in population- 
based mortality statistics amounts to 2.9% [41], 2.0% [12] 
and 1.6% [14], respectively. The relative risk of renal 
mortality in Type 2 diabetes compared with that of age- 
adjusted non-diabetic control subjects seems to be only 
doubled [58], in apparent contrast to the prognostic im- 
pact of renal disease on Type 1 (insulin-dependent) dia- 
betes. The cumulative mortality rates due to renal fail- 
ure in patients of the Joslin Clinic, Boston, by age 75 
were 7.4% in males and 7.6% in females [7]. Taken to- 
gether, these data demonstrate that manifestations of 
microangiopathy are, at most, of minor importance for 
the prognosis of Type 2 diabetes, at least for Cauca- 
sians. 

Associated factors in mortality 

It would be beyond the scope of this review to discuss in 
detail the associations and inter-relationships of the ma- 
jor and minor risk factors for atherosclerosis in Type 2 
diabetes. With regard to several recent reviews on this 
subject [8, 39, 40, 47, 59], it appears justified to highlight 
the following general experiences as far as the excess- 
mortality of Type 2 diabetes is concerned. 

There exists conclusive evidence from a body of lit- 
erature that the qualitative pattern of the major risk fac- 
tors found in diabetes mellitus does not differ from that 
of the general population [29, 60-63]. Quantitatively, the 
level of some risk factors for atherosclerosis appears to 
be increased in Type 2 diabetes [61, 62], as has been 

demonstrated in particular most recently by the Diabe- 
tes Intervention Study (DIS) in the GDR [64, 65]. The 
baseline data of this large prospective multi-centre and 
multi-intervention trial, which includes 1139 unselected 
newly diagnosed patients with overt Type 2 diabetes 
aged 30-55years, indicate an increased clustering of 
hypertension, hyperlipoproteinaemia and obesity in 
Type 2 patients as compared to the age-adjusted general 
population (Table 5). The cumulative incidence of the 
various risk factors is present in excess not only at the 
time of diagnosis [5, 22, 64, 66, 67], but also before overt 
diabetes has been established [24, 40, 42, 43, 47, 60]. 

The results obtained by using multivariate analyses 
in order to identify the most powerful risk predictor are 
not consistent, varying frequently from one study popu- 
lation to another. As in the general population, age must 
be regarded as a major determinant of mortality in 
Type 2 diabetes [23, 34, 67]. Beyond any doubt, further- 
more, the mortality in non-insulin-dependent diabetic 
patients due to cardiovascular and cerebrovascular dis- 
ease is markedly increased by co-existing hypertension 
[68, 69]. 

When adjusting the inter-related major risk factors 
of hypertension, hyper(dys)lipoproteinaemia, obesity 
and smoking by multiple logistic analyses, Type 2 dia- 
betes itself appears to remain an independent contribu- 
tor to arterial disease [1, 28, 43, 46, 57, 67]. There are 
conflicting data, more of which deny [37, 62, 70-73] 
than claim [25, 42, 51, 74], that macroangiopathy is ac- 
celerated by the severity, i. e. the degree of long-term hy- 
perglycaemia of Type 2 diabetes. However, it must be 
emphasized that the complex relationships between hy- 
perglycaemia and the mutual interactions between the 
various established risk factors for the development of 
atherosclerosis are far from being understood, requiring 
much more study in order to clarify a multitude of un- 
solved problems. Whether the observed association be- 
tween hypertension and hyperinsulinaemia can be con- 
sidered a common link within the duster of atherogenic 
risk factors [75-771 might be mentioned as one example 
of the many important open questions. 

Nearly all investigations correspond insofar as the 
cause-specific cardiovascular excess mortality in Type 2 
diabetes can be attributed only in part to the pattern and 
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increased level of the recognized atherogenic risk fac- 
tors [24, 29, 47, 52, 55, 61, 62]. Several prospective cohort 
approaches provide biostatistically conclusive evidence 
for the existence of yet unknown additional atherogenic 
conditions and mechanisms in Type 2 diabetes being re- 
sponsible for the hitherto "unexplained" proportion of 
excess death rate. In this regard, it must be pointed out 
that, in principle, the impact of the risk factor concept 
for cardiovascular disease must be seen predominantly 
in terms of relative risk and not absolute risk [78]. 

Numerous investigations focusing on the hypotheti- 
cal association of asymptomatic hyperglycaemia to car- 
diovascular mortality have provided inconsistent results 
[38-40, 47]. The results of three prospective representa- 
tive studies [55, 79-82] correspond insofar as univariate 
analyses suggest a non-linear relationship with a thresh- 
old-phenomenon in the upper range of the distribution 
of blood glucose values after an oral glucose load. In 
multivariate analyses, however, the association of blood 
glucose levels to cardiovascular disease appeared to be 
not independent from the other major risk variables. 
Taking into account the inconsistent, mainly negative, 
results of 14longitudinal studies performed in nine 
countries and summarized within the International Col- 
laborative Group [83], there is no definite proof for 
asymptomatic hyperglycaemia as being an independent 
risk factor for coronary heart disease. 

In perplexing contrast to general knowledge of the 
development of microangiopathy and the course of 
macroangiopathy in Type 1 diabetes, duration of Type 2 
diabetes has no influence on mortality risk due to arteri- 
al disease. There is overwhelming evidence for a high 
prevalence of already present atherosclerotic manifesta- 
tions at the time of diagnosis in Type 2 diabetic patients, 
irrespective of their age at diagnosis [5, 9, 50, 62, 63, 67, 
72, 73]. In several studies comparing the death rates of 
previously and newly diagnosed diabetic patients, a 
quite similar cardiovascular mortality could be ob- 
served [38, 43, 57]. 

Our own investigations in this regard, based on the 
geographically defined and, since 1956, centrally regis- 
tered diabetic population of the Erfurt district, yielded 
three key observations [27, 41, 84] which underline and 
stimulate an alternative approach to the understanding 
of the relationship between atherosclerosis and Type 2 
diabetes: 

1) As outlined above (see Table 3), a complete registra- 
tion of all 1694 diabetic patients deceased from 1960 to 
1970 in the Erfurt district was performed. According to 
the well known age structure within such a closed and 
representative diabetic population, the vast majority of 
cases consisted of patients with non-insulin-dependent 
diabetes (age at diagnosis below age 40 only 2.1%). Fol- 
lowing an analysis of the distribution of time intervals 
between diagnosis and death [41], nearly half the pat- 
ients (45%) had died within 4 years after diagnosis. With 
regard to the relationship of Type 2 diabetes and athero- 
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sclerosis, the high proportion of short-term diabetic pat- 
ients among an unselected and bias-free study popula- 
tion of deceased patients appears of essential impor- 
tance. 

2) A prospective follow-up study of 250 diabetic pat- 
ients detected by glucosuria screening in 1963 com- 
pared with properly pair-matched patients (by sex, age 
and weight) diagnosed spontaneously, yielded identical 
data on mortality, survival times and vascular complica- 
tions after 10years [84] and 20 years (unpublished ob- 
servation). 

3) In a 10-year longitudinal cohort study covering the 
entire population of 2560 diabetic patients of the Erfurt 
district newly diagnosed in 1966, an excess mortality 
was already evident in the first year after recruitment. 
The mortality rate in patients aged 40 years and older at 
diagnosis 10 years after entry into the study was equal to 
or even lower in some age groups than that observed 
during the first year of follow-up [27]. 

Improvement of prognosis 

Whether conventional therapy in Type 2 diabetes has 
resulted in an improvement in prognosis is quite uncer- 
tain. Having in mind the complex multifactorial corre- 
lations in atherogenesis outlined above, it is not surpris- 
ing that convincing evidence for a major beneficial 
effect is lacking [17, 37, 54, 85]. In order to reliably study 
survival and mortality in chronic disease at different 
time periods, a comprehensive and suitable register of 
patients operative for a long time is required. The few 
studies fulfilling this prerequisite [7, 85, 86] for popula- 
tions consisting predominantly of Type 2 diabetic pat- 
ients showed no (or only slight) prolongation of survival 
rates by the conventional treatment applied in the last 
several decades. The philosophy that early detection by 
mass screening and subsequent therapeutic intervention 
will be beneficial for the course of the disease and sur- 
vival in non-insulin-dependent diabetes must be consid- 
ered rather wishful thinking than a proven reality [84, 
87-89]. Whether this experience will be confirmed by 
longitudinal studies of screened Type 2 diabetic patients 
defined by the present diagnostic criteria remains to be 
seen. 

There are also conflicting data concerning recent 
national trends in diabetes mortality with reports of de- 
creasing, unchanged, as well as increasing ratios [6]. 
These inconsistencies reflect a multitude of artefactual 
causes apart from the possibility of realchanges in sur- 
vival. A time-dependent alteration of the extent of un- 
der-reporting of diabetes in death certificates represents 
only one of the many artefacts leading to invalid con- 
clusions from national mortality statistics. The complete 
centralized diabetes register of the GDR since 1960 of- 
fers the opportunity to gain unbiased prevalence and 
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mortality data from a closed diabetic population. Due 
to this reliable epidemiological data base, the annual 
crude mortality rate of non-insulin-treated diabetic pat- 
ients increased from 4.8% in 1961 to 7.0% in 1984 
(Michaelis, personal communication). 

Concluding remarks 

All findings reviewed so far doubtlessly demonstrate 
that macroangiopathy in Type 2 diabetes cannot be 
categorized under the traditional umbrella of so-called 
"late complications". There is conclusive evidence that 
atherosclerosis and types of diabetes develop coinci- 
dentally, in parallel, or even in reversed sequence. It has 
been argued by Jarrett [40, 63] that Type 2 diabetes and 
hyperglycaemia might not be causally linked to a car- 
diovascular risk, but both conditions might be the con- 
sequence of a pre-existing, not yet identified, common 
genetic and/or metabolic basis. In fact, within the clus- 
ter of risk factors hyperglycaemia might much rather be 
a mere risk indicator [63] which unmasks a complex 
clinical syndrome of various interrelated genetic, meta- 
bolic and vascular constituents resulting in an overall 
atherogenic hazard [84]. Antecedent hypertension, hy- 
per(dys)lipoproteinaemia and hyperinsulinaemia ap- 
pear to be more strongly related to the atherosclerotic 
risk than hyperglycaemia. Therefore, we have previous- 
ly hypothesized that a considerable number of those 
patients prone to develop Type 2 diabetes might not live 
long enough to manifest "their diabetes" because of the 
antedating occurrence of vascular end-points [41]. 

The future strategy against premature mortality in 
Type 2 diabetes requires multifactorial approaches. At 
present we are doing too little too late, if anything can 
be done at all. The potential improvement of prognosis 
in Type 2 diabetes calls for early and comprehensive 
measures against the entire complex of known metabol- 
ic and vascular risk factors, as well as progress in knowl- 
edge about additional (genetically determined) athero- 
genic conditions and mechanisms not yet identified. 
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