
Non-insulin-dependent diabetes mellitus (NIDDM)
is characterized by an excessive incidence of myocar-
dial infarction (MI) [1–3] and a shortening of life-ex-
pectancy by 5–10 years [4, 5]. There is a large amount
of epidemiological data to show that coronary heart
disease (CHD) is the major cause of death in
NIDDM [6, 7]. Prospective studies have shown that
the major risk factors for MI in non-diabetic subjects

also operate in NIDDM [8–10]. However, as demon-
strated by Stamler et al. [11] established risk factors
such as high serum cholesterol and blood pressure
bear a two-to-four times higher risk than in non-dia-
betic subjects. So far, little is known about the impact
of control of hyperglycaemia and various risk factors
on the incidence of MI and mortality in prospective
studies in newly detected cases of NIDDM [12, 13].

In 1990 the European NIDDM Policy Group pub-
lished recommendations for quality control of diabe-
tes and associated risk factors with arbitrarily defined
cut-off limits for the categories good, borderline and
poor [14] of the major determinants for late compli-
cations. So far, to our knowledge, the discriminative
power and relevance of these categories has not
been validated by long-term studies on NIDDM.

The Diabetes Intervention Study (DIS) is a pro-
spective multicentre trial of newly diagnosed
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Summary The Diabetes Intervention Study (DIS) is a
prospective population-based multicentre trial of
newly detected cases of non-insulin-dependent diabe-
tes mellitus (NIDDM). This report analyses the risk
factors for subsequent coronary heart disease and
all-cause death during the 11-year follow-up. The
prognostic significance of the categories of the
NIDDM Policy Group was validated with respect to
the incidence of coronary heart disease and mortality.
At baseline 1139 subjects, aged 30–55 years at the
time of diabetes detection and classified as diet con-
trolled after a 6-week screening phase, were included.
Of the patients 112 (15.2%) suffered from myocar-
dial infarction, 197 (19.82%) of 994 had died. The
odds ratio for all-cause mortality compared to the
general population for males at the age of 36–
45 years was 5.1 and for females 7.0. In multivariate

analysis age, blood pressure and smoking were inde-
pendent risk factors for myocardial infarction and
male sex, age, blood pressure, triglycerides, postpran-
dial blood glucose and smoking for death, respec-
tively. The categories of the NIDDM Policy Group
target parameters for blood glucose, triglycerides
and blood pressure were significant predictors of
both CHD and death. Thus, it appears that in
NIDDM good control of blood glucose, blood pres-
sure and triglycerides is associated with a lower inci-
dence of coronary heart disease and death rate re-
spectively. [Diabetologia (1996) 39: 1577–1583]
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NIDDM patients [15]. In the first phase 1139 subjects
classified as diet controlled were randomly allocated
to control subjects with “usual” care in diabetes out-
patient clinics (I), intensified health education plus
placebo (II) and intensified health education plus
1.6 g clofibric acid/day (III). In the 5-year follow-up
no significant effect of intervention measures on
both endpoints could be observed when we compared
control subjects with usual care in diabetes outpatient
clinics with the two intervention subgroups [16].
Thus, both well controlled and poorly controlled pa-
tients can be found in the three subgroups. Regard-
less of the reasons why intervention failed to reduce
the incidence of MI and excess mortality in the DIS
cohort, the study offers a good opportunity to evalu-
ate the relationship between quality of glucose con-
trol and level of coronary risk factors, and these end
points. The 11-year follow-up data of a large newly
detected NIDDM population is contained within
this report which addresses the following: 1) prognos-
tic significance of risk factor level at diabetes detec-
tion for both endpoints. 2) The relevance of the cate-
gories of quality assurance as recommended by the
European NIDDM Policy Group [14] by means of a
retrospective approach linking classification at entry,
and then after 2 years’ participation in the trial, with
incidence of MI and all-cause mortality.

Subjects and methods

Based on centralised registration in the former East Germany,
each subject with a newly detected fasting blood glucose over
7.21 mmol/l at the age of 30–55 years was considered from the
16 diabetes outpatient clinics working in cooperation with the
study. A diagnosis of diabetes was accepted if fasting blood
glucose was over 8.88 mmol/l on a repeat blood test. If fasting
blood glucose was between 7.21 and 8.88 mmol/l a 50 g oral
glucose tolerance test was performed to confirm the diagnosis.
The cut-off limits for diabetes were blood glucose value of
over 12.21 mmol/l at 60 min and over 8.32 mmol/l at 120 min
[17].

We recruited 1846 diabetic patients in this way, and they un-
derwent a screening phase of 6 weeks with conventional diet
and advice on lifestyle modification (Fig. 1). Inclusion criteria
were age 30–55 years, acceptable glucose control by diet (post-
prandial blood glucose < 13.87 mmol/l at follow-up after 4 and
6 weeks on diet) and informed consent to take part in the
study. Important exclusion criteria were preexisting MI,
stroke, gangrene, cancer and other severe life-threatening dis-
eases, unsatisfactory diet, no consent being given. Angina pect-
oris was not an exclusion criterion. Details of recruitment,
study design and methods have been described elsewhere [16].

Of the original 1846 subjects, 1139 patients fulfilled the cri-
teria and were willing and able to participate. The minimum
follow-up time (except death and drop-outs) was 11 years; av-
erage follow-up 12 ± 2.3 years. The study was completed by
994 patients (88.9%) with at least baseline information avail-
able, 197 (19.82%) documented deaths inclusive. In 169 cases
(85.8 %) the cause of death was obtained from death certifi-
cates, in 28 cases (14.2 %) it is unknown. In this report the
following exclusions were made: drop-outs (n = 145), ECG

missing or not in time (n = 204). The distribution on different
treatment regimens at final examination for 797 valid cases
was as follows: insulin 32.5 %, sulphonylureas 42.2 % and diet
25.3 %.

Laboratory methods and definitions. Blood samples were ob-
tained in the morning following a 12–14 h fast. Fasting blood
glucose, cholesterol and triglycerides were measured as de-
scribed [16]. Postprandial blood glucose at entry was deter-
mined 1 h after the patient’s normal breakfast at visit 2 during
the 4th week of the screening phase. Hypertension was diag-
nosed by World Health Organisation (WHO) criteria ( ≥ 160/
95 mmHg and/or intake of antihypertensive drugs at entry).
Smoking was defined as regular consumption of at least one
cigarette per day. The categories good, borderline and poor
for blood glucose level, triglycerides, cholesterol, blood pres-
sure and BMI were according to the cut-off limits of the
NIDDM Policy Group [14].

Endpoints were defined as ischaemic ECG abnormalities
(I-ECG), MIs and death during the study. No CHD (group A)
was assumed if at the final ECG examination no ECG changes
indicative for ischaemic heart disease were observed. Patients
with newly detected ECG changes according to Minnesota
codes 1.3, 4.1–4.3, 5.1–5.3 or 7.1 during the final examination
were considered as having ischaemic ECG abnormality (group
B). Clinical MIs were continuously registered by DIS physi-
cians in co-operation with local hospitals and acute coronary
care units. The diagnosis of MI (group C) was accepted when:
confirmed by autopsy; established at a hospital on the basis of
a diagnostic ECG; with raised enzyme levels accompanying a
typical heart attack (WHO criteria); or when a Minnesota
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Fig. 1. Patients’ recruitment and fate during 11-year follow-up.
IHE, intensified health education; CPIB, clofibric acid



code 1.1 and/or 1.2 was newly detected at the final ECG exam-
ination. Deaths (total mortality) were all documented cases
within the observation period.

Statistical analysis

Data analysis was performed with the SPSS for Windows and
the SPSS/PC + programmes. Data are given as means and their
95 % confidence intervals (CI). Two-tailed Student’s t-test or
the one-way analysis of variance were used in the assessment
of the difference between two or more groups when appropri-
ate. Incidence rates were compared by chi square tests. The
Kaplan-Meier method was used to construct life-table plots
and hazard functions. Discriminant analysis is the statistical
technique to find parameters which separate different patient
groups.

Results

Table 1 presents the baseline characteristics of the
study population at entry. At that time the patients
had undergone a 6-week screening phase with con-
ventional diabetes diet and advice on lifestyle

improvement; these patients were classified as diet
controlled. As shown in Figure 2 the incidence of MI
by sex was higher among men than among females.
The vast majority of MIs occurred after the first
5 years following the detection of diabetes with a par-
ticularly low rate among females during the early
phase after diagnosis. Table 2 displays the mean val-
ues of blood glucose and various risk factors by subse-
quent development of I-ECG and MI during the ob-
servation period. In univariate comparison male sex,
age, current smoking, overweight, blood pressure
and triglycerides but not cholesterol were significant
risk factors for subsequent occurrence of CHD in
the 11-year follow-up observation period. Figure 3
demonstrates the excessive mortality of these mid-
dle-aged, presumably mild NIDDM patients. Again
male sex carries a higher hazard. There is a striking
similarity of risk factors for MI and death with re-
spect to the risk parameters at entry (Table 3). Re-
markably, NIDDM patients who died had signifi-
cantly higher postprandial blood glucose levels dur-
ing the screening phase whereas fasting blood glucose
was not significantly higher. Multivariate analysis re-
vealed age, blood pressure and smoking at baseline
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Table 1. Baseline characteristics of study population (n =
1139) at entry after 6 weeks on diabetes diet

Mean Confidence
interval

Sex (male/female %) 55.8/44.2

Age (years) 46.7 46.3–47.0

Smokers 33.9%

Fasting blood glucose
(mmol/l) 7.26 7.15–7.39

Postprandial blood glucose
(mmol/l) 8.38a 8.24–8.52

Cholesterol (mmol/l) 5.74 5.66–5.82

Triglycerides (mmol/l) 1.97 1.88–2.06

Systolic BP (mmHg) 149.8 148.6–151.0

Diastolic BP (mmHg) 90.5 89.8–91.1

Body mass index (kg/m2) 29.2 28.9–29.4

BP, Blood pressure; a 1 h after breakfast, week 4 of screening

Fig. 2. Cumulative incidence of myocardial infarction by sex
(Kaplan-Meier function)

Table 2. Baseline data of newly detected NIDDM by subsequent I-ECG changes (Group B), MI (Group C) or normal ECG at
11-year follow-up examination (Group A)

Without IHD (n = 441) IHD (n = 185) Infarction (n = 112) p value

Mean CI Mean CI Mean CI

Sex (male/female %) 62.2/56.0 19.8/33.1 18.0/10.9 < 0.01
Age (years) 45.9 45.4–46.4 46.8 46.0–47.5 48.0 47.0–48.9 < 0.01
Smokers (%) 33.9 31.4 45.5 < 0.05
BMI (kg/m2) 28.4 28.0–28.8 29.7 29.0–30.4 28.7 27.9–29.4 < 0.01
Fasting blood glucose 130.5 127.2–133.8 130.6 125.1–136.1 136.2 129.3–143.2 NS
Postprandial blood glucose 148.7 145.1–152.4 150.5 143.9–157.0 158.8 150–167.6 NS
Cholesterol (mmol/l) 219.9 215.4–224.4 216.7 209.8–223.7 229.1 219.6–238.4 NS
Triglycerides (mmol/l) 166.4 155.7–177.1 158.3 143.4–173.2 205.6 162.3–248.8 < 0.01
Systolic BP (mmHg) 146.1 144.3–147.8 151.7 148.7–154.7 152.9 149.1–156.6 < 0.01
Diastolic BP (mmHg) 88.5 87.7–89.4 91.2 89.7–92.7 93.3 91.2–95.4 < 0.01



to be independent risk factors for MI (Table 4). The
prognostic significance of postprandial blood glucose,
at diabetes detection with regard to life expectancy,
was confirmed by multivariate analysis. Another im-
portant predictor of death is hypertriglyceridaemia.
However, a high percentage of excessive mortality
was not explained by established risk factors, indi-
cated by a correct classification rate of only 62.3%.

Incidence of MI and mortality according to categories
of the European NIDDM Policy Group

The incidence of MI and death rate, according to
quality of metabolic control and level of blood pres-
sure at entry in the study, is shown in Table 5. There
was a clear tendency for all parameters classified as
poorly controlled to be associated with a higher inci-
dence of MI than those controlled well. This, how-
ever, was only significant for postprandial blood glu-
cose and blood pressure. Good triglyceride and post-
prandial blood glucose control at baseline were also
associated with a lower mortality in the 11-year
follow-up observation period. In principle, the same
pattern can be observed when the values in the

intervention group after a 2-year follow-up (Table 6)
are accounted for. This is usually indicative of compli-
ance with the recommended changes in lifestyle and
drug treatment. The importance of perfect triglycer-
ide and blood pressure control for survival is con-
firmed by the low death rate in this category. Regard-
ing mortality, the quality of fasting blood glucose is
also a significant discriminator. The excessive mortal-
ity in NIDDM is underlined if compared with the
age-adjusted death rate in the population (Table 7).
The relative risk is particularly high among young fe-
males, whereas the absolute risk is distinctly increased
for diabetic men compared to diabetic women.

Discussion

The DIS patients can be considered to be representa-
tive of middle-aged, newly detected NIDDM, since
they were recruited through a population-based cen-
tralised survey of a public health system covering all
diabetic patients in diabetes outpatient clinics of the
co-operating areas. Taking into account the inclusion
and exclusion criteria and excluding patients with
preexisting clinical atherosclerotic cardiovasular dis-
eases and the fact that only subjects were included if
they were diet controlled they might represent mild
to moderate stages of early NIDDM at entry into
the study. No significant effect of the intervention
measures was established after a 5-year follow-up on
these endpoints [16], consequently the pooled evalua-
tion of the 11-year follow-up is justified. The 11-year
follow-up data of DIS revealed a high incidence of
CHD in comparison with the general population, il-
lustrating the burden of the disease. In accordance
with a report by Barrett-Connor et al. [18] the rela-
tively high hazard of MI in female NIDDM is mainly
due to the low incidence among women in the general
population, whereas in absolute terms men, including
male diabetic patients are at higher risk. In accor-
dance with other reports [19–21] high blood pressure
and smoking were significant modifiable risk factors
for the subsequent development of CHD. Contrary
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Fig. 3. Kaplan-Meier cumulative function of survival by sex

Table 3. Baseline characteristics of study population by survival or death during the observation period: 11 + years follow-up of
newly detected NIDDM

Survivor (n = 797) Deceased (n = 197) p value

Mean CI Mean CI

Sex (male/female %) 76.9/84.6 23.1/15.4 < 0.01
Age (years) 46.6 46.2–47.0 47.5 46.8–48.3 < 0.05
Smokers (%) 31.6 44.9 < 0.01
Fasting blood glucose (mmol/l) 7.3 7.15–7.43 7.5 7.25–7.89 NS
Postprandial blood glucose (mmol/l) 8.4 8.17–8.50 8.9 8.52–9.19 < 0.01
Cholesterol (mmol/l) 5.7 5.63–5.80 5.9 5.70–6.09 NS
Triglycerides (mmol/l) 1.9 1.78–1.97 2.3 2.0–2.66 < 0.01
Systolic BP (mmHg) 149.2 147.8–150.6 153.4 150.4–156.4 < 0.01
Diastolic BP (mmHg) 90.2 89.5–90.9 91.8 90.1–91.2 NS

BP, Blood pressure



to non-diabetic populations [22] triglycerides were an
independent risk factor for MI in multivariate analy-
sis. The importance of triglyceride levels at disease
detection for the fate of NIDDM patients is a consis-
tent finding in all evaluations of our study not only
for CHD development but also with respect to all-
cause and cardiovascular mortality. Santen et al. [23]
were the first to demonstrate that hypertriglycerid-
aemia bears a higher CHD risk for diabetic than for
non-diabetic subjects. This is supported by recent re-
ports from the Paris Prospective Study [24] and Fin-
land [25]. There are two possible explanations of
why triglycerides are so indicative of MI in NIDDM:
(1) hypertriglyceridaemia in diabetic patients is

associated with profound alterations in lipoprotein
subfraction concentrations and composition, leading
to a higher atherogenicity of low density (LDL) and
very low density (VLDL) lipoproteins. For example,
small dense LDL particles are increased in NIDDM
with hypertriglyceridaemia [26]; (2) hypertriglycerid-
aemia is indicative of insulin resistance which may
be atherogenic. Thus, it appears that the excessive
risk of MI and death is mainly due to the cluster of
the metabolic syndrome in NIDDM, with hyperten-
sion and hypertriglyceridaemia as the major contrib-
utors. This is obviously escalated by poor glycaemic
control; postprandial hyperglycaemia was found to
be an independent risk factor for death in multivari-
ate analysis. An important finding is that postprandial
hyperglycaemia at that early phase was an indepen-
dent risk factor whereas fasting blood glucose did
not reach statistical significance. Our results suggest
that the metabolic syndrome of the early diabetic
phase may have a fatal impact on the subsequent
risk of coronary heart disease and excessive all-cause
mortality. This may explain why interventions in the
clinical phase may have had only a weak effect on
macroangiopathy and mortality. Recently published
data of the 4S-Study with simvastatin [27] suggest
that secondary prevention of coronary heart disease
should be possible in diabetic patients by substantial
reduction of LDL cholesterol.

The burden of NIDDM is demonstrated by the ex-
cessive all-cause mortality of the DIS patients. The
relative risk was particularly high in the younger age
classes and for females, if compared with vital statis-
tics for the general population in East Germany at
that time [28] (Table 7). This finding is in accordance
with reports from geographically defined diabetes
populations by Panzram and Zabel-Langhennig [1]
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Table 4. Multivariate analysis of risk factors for MI (n = 108)a

and death (n = 187)b in newly detected NIDDM: 11 + years fol-
low-up

Variable MI Death

F -value p -value F -value p -value

Sex 8.82 < 0.01

Age 11.26 < 0.01 4.70 < 0.05

Systolic blood
pressure 8.68 < 0.01

Diastolic blood
pressure 21.22 < 0.01

Triglycerides 7.21 < 0.05 14.02 < 0.01

Postprandial
blood glucose 6.11 < 0.05

Smoking 4.18 < 0.05 7.54 < 0.01

Percent of “grouped” cases correctly classified: 64.3 % MI,
62.3 % death.
a Baseline values were incomplete for 4 patients.b Baseline
values were incomplete for 10 patients
BP, Blood pressure

Table 5. Incidence of MI and mortality according to categories of the NIDDM Policy Group: 11-year follow-up

Rate per 1000 Good Borderline Poor p value

Fasting
blood glucose MI

Mortality

4.4–6.1 mmol/l
123
164

K 7.8 mmol/l
147
220

> 7.8 mmol/l
183
203

NS
NS

Postprandial
blood glucose MI

Mortality

4.4–8.0 mmol/l
120
167

K 10.0 mmol/l
165
199

> 10.0 mmol/l
209
262

< 0.05
< 0.05

Triglycerides
MI
Mortality

< 1.7 mmol/l
138
161

K 2.2 mmol/l
157
238

> 2.2 mmol/l
180
240

NS
< 0.05

Cholesterol
MI
Mortality

< 5.2 mmol/l
120
178

K 6.5 mmol/l
156
196

> 6.5 mmol/l
199
222

NS
NS

Blood pressure
MI
Mortality

K 149/90 mm Hg
109
178

K 160/95 mmHg
147
175

> 160/95 mmHg
216
244

< 0.01
NS

Body mass index Male
Female
MI
Mortality

20–25 kg/m2

19–24 kg/m2

103
156

K 27 kg/m2

K 26 kg/m2

158
237

> 27 kg/m2

> 26 kg/m2

163
194

NS
NS



and recent publications from various NIDDM co-
horts [18, 20, 29, 30], including elderly patients [31].

To our knowledge the prognostic relevance of the
quality categories of the NIDDM Policy Group [14]
with respect to macrovascular complications and all-
cause mortality has not yet been validated in long-
term follow-up studies of clearly defined NIDDM.
Consistent with previous analysis of risk factors for
MI, triglycerides and blood pressure control, even in
the first months after diabetes detection, were the
most relevant. The central importance of hyperten-
sion control in the early phases of diabetes is a consis-
tent finding in most epidemiological studies [2].
Again the importance of triglyceride control was con-
firmed if mortality was linked to the target levels of
triglycerides at entry in the DIS Study. Furthermore,
postprandial blood glucose, though not fasting blood
glucose, was a significant predictor of subsequent MI
and mortality, demonstrating the crucial importance
of strict control of postprandial hyperglycaemia. The
gradient between the three categories showing inci-
dence of MI with respect to fasting blood glucose,
triglyceride and blood pressure level is even clear in
the intervention group. However, it does not reach
significance, probably because of the small number
of cases. The target levels of blood glucose, triglycer-
ide and blood pressure control have an even better
discriminative power with respect to total mortality.
If one compares the relevance of the three categories
(good, borderline, poor) there is a clear gradient for
the frequency of events when linked to quality of tar-
get parameters. With respect to triglycerides, how-
ever, our results suggest that a lower cut-off limit for

“borderline” triglycerides may be useful because
mortality was at the same levels in the categories
“borderline” and “poorly controlled”. Altogether, as
in the case with the multivariate analysis of risk fac-
tors there is a striking parallel between predictors of
MI and all-cause mortality. Extrapolation and valida-
tion of the relevance of the categories of the NIDDM
Policy Group reveals that they are helpful to provide
a better definition of the risk of CHD and death for
NIDDM patients in relation to blood glucose, triglyc-
erides and blood pressure as target parameters. The
classification of serum cholesterol and BMI was of
no importance in our study.
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2. Pyörälä K, Laakso M, Uusitupa M (1987) Diabetes and
atherosclerosis: An epidemiologic view. Diabetes Metab
Rev 3: 463–524
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